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LIME-ALUMINA— LIME-SILICA  BALANCE 

STARTS  IN  THE  LABORATORY 

rhe  cement  industry  lives  largely  by  its  research  and  control  methods.  From  the  first 
all  of  limestone  blasted  at  the  quarry’s  face,  to  the  final  test  batches  from  the  filling 
fins,  raw  materials  are  constantly  analyzed  and  finished  products  are  searchingly  inspected. 

7or  their  routine  check  on  silica  in  the  raws,  many  cement  companies  employ  a  time- 
aving  method  which  involves  the  use  of  Baker’s  Analyzed  C.P.  Perchloric  Acid. 

The  extremely  low  content  of  silica  and  non-volatile  matter  in  this  acid  makes  it  preferable 
or  many  other  tests  as  well. 

laker’s  Analyzed  C.P.  Ammonium  Oxalate  is  often  the  chemist’s  choice  for  calcium 
letermination.  This  reagent  is  extremely  low  in  non-soluble,  non-volatile  and  sulphate 
naterials. 

laker’s  Analyzed  C.P.  Chemicals  differ  from  other  laboratory  chemicals.  They  have  the 
ctual  analysis  on  the  label— not  mere  maximum  limits  of  impurities.  This  saves  the  chemist 
ime  when  making  computations. 

taker’s  distributors  welcome  every  opportunity  to  serve  the  cement  industry.  When  you 
rder  your  reagent  chemicals  from  your  favorite  supplier,  be  sure  to  specify  "Baker’s 
inalyzed.” 

J.  T.  Baker  Chemical  Co.,  Executive  Offices  and  Plant:  Phillipsburg, 

N.  J.  Branch  Offices :  New  York,  Philadelphia,  Boston  and  Chicago 


Purity  defined  —  net  to 
"maximum  limit*"— but  to 
the  decimal  by  actual  lot 
analysis.  That’*  the  story  of 
the  baker's  Analyzed  label. 
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WALTER  J.  MURPHY, 
—  EDITOR 


Instrumentation  in  Analysis 


In  this  issue  we  inaugurate  a  new  monthly  feature,  Instrumentation  in  Analysis, 
prepared  by  Ralph  H.  Muller.  Brief  discussions  of  new  instruments,  methods, 
and  apparatus  of  interest  to  analytical  chemists,  together  with  some  discussion  of 
their  significance,  field  of  application,  and  possible  influence  on  the  trend  of  future 
developments  will  appear  over  Dr.  Muller’s  signature.  It  is  recognized  that  many 
devices  and  methods,  which  are  not  primarily  concerned  with  chemistry,  will  ulti¬ 
mately  prove  useful  in  analysis.  This  is  particularly  true  in  optical,  electrical,  elec¬ 
tronic,  and  mechanical  devices. 

Dr.  Muller  is  particularly  well  fitted  by  training  and  experience  to  cover  the 
subject  of  Instrumentation  in  Analysis.  He  has  been  a  member  of  the  Radiation 
Laboratory  of  the  Massachusetts  Institute  of  Technology  since  1942,  and  has  done 
research  in  photochemistry,  chemical  physics,  photoelectric  photometry,  electron¬ 
ics,  instrumental  methods  of  analysis  and  control,  design  of  industrial  and  scientific 
instruments,  and  radar.  He  is  well  known  to  our  readers  as  the  author  of  compre¬ 
hensive  articles  on  photoelectric  methods  in  analytical  chemistry,  American  ap¬ 
paratus,  instruments,  and  instrumentation,  and  instrumental  methods  of  chemical 
analysis  which  appeared  in  1939,  1940,  and  1941.  After  receiving  his  Ph.D.  from 
Columbia  University  and  studying  at  Gottingen,  he  was  on  the  staff  of  New  York 
Lniversity  from  1924  until  he  went  to  the  MIT  Radiation  Laboratory  to  engage  in 
highly  secret  research  work  for  the  war  effort.  In  1931  he  received  the  silver  medal 
of  the  American  Medical  Society  for  investigations  on  radium  poisoning.  Dr. 
Muller  has  been  a  member  of  the  Advisory  Board  of  the  Analytical  Edition 
for  several  years  and  extremely  active  in  its  deliberations. 

It  is  felt  by  your  editors  that  the  introduction  of  Dr.  Muller’s  column  as  a 
monthly  feature  is  another  step  forward  in  a  progressive  and  positive  editorial 
program.  The  war  stimulated  greatly  the  development  and  use  of  instrumental 
methods  of  chemical  analysis  and  unquestionably  this  trend  will  continue  to  grow 
in  the  future.  There  has  been  a  long-felt  need  among  analytical  chemists  for  a 
timely,  unbiased,  and  authoritative  discussion  and  interpretation  of  new  develop¬ 
ments  in  the  field  of  instrumentation. 

Your  editors  and  Dr.  Muller  will  welcome  suggestions  and  constructive  criti¬ 
cisms  from  our  readers.  We  also  will  welcome  suggestions  on  other  subjects  of 
special  interest  to  analytical  chemists  that  might  be  developed  into  regular  monthly 
features  with  treatment  similar  to  Dr.  Muller’s  presentation  on  instrumentation. 
We  are  here  to  serve  the  profession  and  the  broad  field  of  analytical  chemistry. 
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Determination  of  Aromatics,  Naphthenes,  and  Paraffins 

by  Refractometric  Methods 

R.  M.  GOODING,  N.  G.  ADAMS,  and  H.  T.  RALL 
Petroleum  Experiment  Station,  Bureau  of  Mines,  Bartlesville,  Okla. 


Methods  are  described  for  determining  aromatics,  naphthenes,  and 
paraffins  in  virgin  naphthas  and  condensates  boiling  below  320°  F. 
Most  individual  hydrocarbons  can  be  estimated  to  243°  F.  Efficient 
fractionation  is  used  to  produce  narrow-boiling-range  fractions  con¬ 
taining  relatively  few  individual  hydrocarbons.  Densities  and  re¬ 
fractive  indices  for  the  mercury  g  line  and  the  sodium  D  line,  deter¬ 
mined  for  each  fraction  at  20°  C.,  give  specific  dispersions  and 
refractivity  intercepts  used  for  analysis  of  the  samples.  Aromatics 
are  determined  from  specific  dispersions  and  naphthenes,  and  paraf¬ 
fins  are  determined  by  use  of  modified  Kurtz  and  Headington  refrac¬ 
tivity  intercept-density  charts.  Aromatics  can  be  determined  from 
these  charts  with  some  loss  in  accuracy.  Development  of  the  charts 
from  experimental  and  literature  data  is  discussed  and  illustrated. 
Analyses  of  ten  crude-oil  naphthas  are  given. 

THE  Bureau  of  Mines,  since  early  in  1942,  has  been  analyzing 
various  virgin  naphthas  and  condensates  to  determine  their 
possibilities  as  sources  of  aviation-gasoline  base  stocks,  toluene, 
and  other  hydrocarbons.  These  analyses  are  based  essentially 
upon  fractional  distillation  of  the  naphthas  or  condensates,  and 
refractometric  examination  of  the  distilled  fractions.  The  final 
data  obtained  from  such  analyses  indicate  the  quantities  of  aro¬ 
matics,  naphthenes,  and  paraffins  boiling  below  160°  C.  (320°  F.) 
in  the  sample.  The  quantities  of  most  individual  hydrocarbons 
boiling  below  117.22°  C.  (243°  F.)  can  be  determined.  This  re¬ 
port  describes  and  illustrates  the  method  of  analysis  adopted, 
shows  the  application  of  the  method  to  the  analyses  of  several 
crude  oils,  and  indicates  some  uses  of  the  results. 

A  study  of  the  methods  used  and  proposed  for  the  determina¬ 
tion  of  aromatics  in  saturated  hydrocarbon  mixtures  indicated 
that  aromatics  in  a  crude  oil  could  be  conveniently  and  accurately 
determined  from  the  specific  dispersions  of  small  narrow-boiling- 
range  fractions  obtained  by  distillation  of  the  naphtha  portion  of 
the  crude  oil.  Among  others,  Dixmier  (2),  Ward  and  Fulweiler 
(S),  and  Grosse  and  Wackher  (4)  have  used  specific  dispersion  in 
hydrocarbon  analysis.  The  present  method  in  which  the  specific 
dispersion  is  a  measure  of  the  quantity  of  aromatic  material  in  a 
naphtha  fraction,  when  that  fraction  contains  only  aromatics, 
naphthenes,  and  paraffins,  is  essentially  a  modification  of  that  of 
Grosse  and  Wackher.  Such  a  determination  is  possible  because 
specific  dispersions  for  naphthenes  and  paraffins  are  nearly  equal 
and  constant  throughout  the  gasoline  range,  whereas  the  specific 
dispersions  for  aromatics,  although  not  constant,  are  substantially 
higher  than  the  values  for  naphthenes  and  paraffins. 

The  general  equation  for  specific  dispersion  of  a  liquid  is 

s  =  n'  ~  Wt  X  10*  (1) 

where  S  is  specific  dispersion,  na  is  the  refractive  index  for  light  of 
wave  length  a,  rib  is  the  refractive  index  for  light  of  wave  length 
b,  d  is  the  density,  and  104  is  a  factor  included  for  numerical  con¬ 
venience.  All  measurements  of  physical  properties  are  made  at 
one  temperature,  which  for  this  work  is  20°  C.  Although  disper¬ 
sion  measurements  of  Grosse  and  Wackher  were  made  for  the  F 
and  C  fines  of  hydrogen,  the  measurements  used  in  this  work  are 
for  the  mercury  g  fine  and  the  sodium  D  fine.  The  latter  two 
lines  are  used  because  convenient  and  reliable  mercury  and  sodium 
lamps  are  now  commercially  available  and,  since  the  value  of  the 
term  na  —  nb  is  greater  for  these  two  fines  than  for  the  F  and  C 
lines  of  hydrogen,  the  accuracy  of  the  method  should  be  improved. 
A.  further  modification  of  the  method  of  Grosse  and  Wackher  is 


in  the  use  of  very  narrow-boifing-range  fractions  (usually  less  than 
1  °  C.)  rather  than  fractions  having  a  boiling  range  of  about  25°  C. 
The  determination  of  accurate  values  for  the  specific  dispersions  of 
pure  aromatics,  and  of  an  average  value  for  mixtures  of  naphthenes 
and  paraffins,  as  well  as  the  determination  of  aromatics  in  crude- 
oil  naphthas,  is  discussed  by  Thorne,  Murphy,  and  Ball  ( 8 ). 

The  determination  of  the  naphthene  content  of  a  sample  is 
based  on  the  use  of  the  refractivity  intercept,  an  empirical  prop¬ 
erty  originated  by  Kurtz  and  Ward  ( 6 ).  The  present  method  is 
a  modification  of  an  analytical  procedure  proposed  by  Kurtz  and 
Headington  (5)  using  this  property  and  applicable  to  mixtures 
containing  both  saturates  and  unsaturates. 

The  refractivity  intercept  is  defined  by  the  equation 

R  =  no  —  0.5d  (2) 

where  R  is  the  refractivity  intercept,  n-o  is  the  refractive  index  for 
the  sodium  D  fine,  and  d  is  the  density  of  the  liquid,  all  measure¬ 
ments  being  made  at  20°  C.  As  described  by  Kurtz  and  Ward 
and  as  used  by  Kurtz  and  Headington,  R  is  a  constant  for  each  hy¬ 
drocarbon  type  or  homologous  series.  If  a  sample  contains  only 
aromatics,  naphthenes,  and  paraffins,  the  use  of  the  refractivity 
intercept  as  an  analytical  tool  depends  upon  the  relationship, 
usually  shown  graphically,  between  the  refractivity  intercepts 
and  densities  of  the  sample  and  of  the  individual  aromatics, 
naphthenes,  and  paraffins  thought  to  be  present.  Four  major 
modifications  have  been  made  in  the  method  of  Kurtz  and  Head¬ 
ington:  (1)  only  aromatics  and  saturated  hydrocarbons  are  con¬ 
sidered  in  the  scheme  of  analysis;  (2)  the  graphical  analysis 
charts  cover  an  average  boiling  range  of  10°  C.  instead  of  30°  C.; 
(3)  very  narrow-boiling-range  fractions  are  analyzed;  (4)  indi¬ 
vidual  values  for  refractivity  intercepts  are  used  for  all  compounds 
instead  of  a  single  value  for  each  type. 

After  the  aromatic  and  naphthene  contents  of  a  fraction  con¬ 
taining  only  aromatics,  naphthenes,  and  paraffins  have  been  de¬ 
termined,  the  paraffin  content  of  the  fraction  is  obtained  by  differ¬ 
ence.  Aromatics  can  be  determined  by  the  use  of  refractivity 
intercept  and  density,  but  it  is  felt  that  the  present  determination 
of  aromatics  from  specific  dispersions  is  more  accurate.  A  com¬ 
parison  of  results  by  the  two  methods  is  given  in  Table  I. 

ANALyTICAL  APPARATUS  AND  PROCEDURE 

The  accuracy  of  the  analytical  method  described  below  depends 
in  part  on  the  apparatus,  and  its  quality  must  be  such  that  data 
of  the  requisite  accuracy  and  precision  are  obtained.  The  equip¬ 
ment  described  in  the  following  paragraphs  has  been  found  satis¬ 
factory  for  this  work. 

Two  types  of  columns  are  used  for  the  fractional  distillation  of 
samples.  In  one  assembly  the  column  proper  is  a  glass  tube  21 
mm.  in  inside  diameter  packed  wfith  single-turn  wire  helices  2.4 
mm.  (3/32  inch)  in  diameter.  The  packed  section  is  244  cm.  in 
length,  and  is  insulated  with  asbestos  fisting  and  magnesia.  A 
system  of  electrical  heaters  is  incorporated  in  the  insulation,  so 
that  the  temperature  of  the  insulation  can  be  maintained  at  or 
slightly  below  the  temperature  of  the  vapor  and  liquid  within  the 
column.  These  temperatures  are  measured  by  5  pairs  of  iron- 
constantan  thermocouples  spaced  along  the  length  of  the  column. 
The  glass  still  pot  is  permanently  sealed  to  the  column  proper  and 
has  a  capacity  of  4.5  liters.  A  total  condenser  at  the  top  of  the 
column  provides  reflux  and  liquid  overhead  product.  The  col¬ 
umn  was  tested  in  the  usual  manner  using  methylcyclohexane  and 
isooctane,  and  has  an  efficiency  at  total  reflux  equivalent  to  88 
theoretical  plates. 

The  other  distillation  unit  is  a  commercially  available  vacuum- 
jacketed  glass  column  having  122  cm.  of  patented  wire  packing. 
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Table  I.  Comparison  of  Determination  of  Aromatics  by  Specific  Dispersion  and  by  Refractivity  Intercept-Density  Methods 


Volume  Per  Cent  of  Aromatics  in  Naphtha  or  Condensate 

Carthage  Chapel  Hill  Conroe  East  Texas  Hull-Silk-Sikes  (Strawn) 


Refrac- 

Refrac- 

Refrac- 

Refrac- 

Refrac- 

Specific 

tivity 

Specific 

tivity 

Specific 

tivity 

Specific 

tivity 

Specific 

tivity 

disper- 

inter- 

Differ- 

disper- 

inter- 

Differ- 

disper- 

inter- 

Differ- 

disper- 

inter- 

Differ- 

disper- 

inter- 

Differ- 

Aromatic 

sion 

cept 

ence 

sion 

cept 

ence 

sion 

cept 

ence 

sion 

cept 

ence 

sion 

cept 

ence 

Benzene 

2.05 

1.78 

0.27 

0.54 

0.40 

0  14 

1.94 

1.90 

0.04 

0.24 

0.16 

0.08 

0.16 

0.15 

0  01 

Toluene 

0.88 

0.82 

0.06 

0.52 

0.44 

0.08 

9.72 

9.37 

0.35 

1.14 

0.87 

0.27 

0.81 

0.55 

0.26 

Ethylbenzene 

0.16 

0.12 

0.04 

0.32 

0  23 

0.09 

0.37 

0.34 

0.03 

0.38 

0.25 

0.13 

0.31 

0.20 

0.11 

nt-Xylene  ) 
p-Xylene  ) 
o-Xylene 

0.54 

0.50 

0.04 

0.43 

0.33 

0.10 

3.52 

3.42 

0.10 

1.33 

1.15 

0.18 

0.81 

0.55 

0.26 

0.24 

0.19 

0  05 

0.15 

0.12 

0.03 

1.55 

1.50 

0.05 

0.64 

0.54 

0.10 

0.24 

0.13 

0.11 

Isopropylbenzene 

0.08 

0  04 

0.04 

0.09 

0.06 

0.03 

0.19 

0.12 

0.07 

0.22 

0.10 

0.12 

rc-Propylbenzene 

0.22 

0.21 

0.01 

0.21 

0.18 

0.03 

0.52 

0.45 

0.07 

0.41 

0.34 

0.07 

Jennings 

KMA  (Strawn) 

M  nument 

Old  Ocean 

Plymouth 

Benzene 

1.03 

0.94 

0.09 

0.24 

0  24 

0.00 

0.13 

0.08 

0.05 

1.02 

0.92 

0.10 

0.16 

0.11 

0.05 

Toluene 

3.51 

3.45 

0.06 

1.04 

0,90 

0.14 

0.48 

0.30 

0.18 

2.69 

2.49 

0.20 

0.72 

0.62 

0.10 

Ethylbenzene 

0.48 

0.41 

0.07 

0.34 

0  30 

0.04 

0.44 

0.33 

0.11 

0.51 

0.43 

0.07 

0.35 

0.32 

0.03 

m-Xylene  1 
p-Xylene  ) 

3.48 

3.38 

0.10 

1.19 

1.05 

0. 14 

0.50 

0.31 

0.19 

2.79 

2.46 

0.33 

0.75 

0.58 

0.17 

o-Xvlene 

1.87 

1.86 

0.01 

0.52 

0.43 

0.09 

0  08 

0.03 

0.05 

1.60 

1.35 

0.25 

0.31 

0.25 

0  06 

Isopropylbenzene 

0.42 

0.35 

0.07 

0.17 

0.15 

0.02 

0.18 

0.11 

0  07 

0.19 

0.15 

0  04 

rc-Propylbenzene 

0.87 

0.74 

0.13 

0.55 

0.52 

0.03 

0.48 

0.41 

0.07 

0.32 

0.32 

0.00 

Saxet 

Segno 

Slaughter 

Wade  City 

Wasson 

Benzene 

0.00 

0.05 

-0.05 

0.59 

0.54 

0.05 

4.60 

4.12 

0.48 

0.10 

0  08 

0.02 

2.29 

1.98 

0.31 

Toluene 

0.00 

0.06 

-0.06 

3.22 

3.07 

0.15 

4.80 

4.50 

0.30 

0.79 

0.66 

0.13 

4.44 

4.16 

0.28 

Ethylbenzene 

0.49 

0.40 

0.09 

0.42 

0.35 

0.07 

1.10 

0.83 

0.27 

0.54 

0.45 

0.09 

0.91 

0.76 

0.15 

m-Xylene  1 
p-Xylene  J 

0.58 

0.44 

0.14 

3.07 

2.86 

0.21 

2.86 

2.78 

0.08 

1.43 

1.24 

0.19 

3.13 

2.91 

0.22 

o-Xylene 

0.07 

0.06 

0.01 

1.67 

1.54 

0.13 

0.78 

0.72 

0.06 

0.91 

0.75 

0.16 

1.19 

1.05 

0.14 

Isopropylbenzene 

0.16 

0.00 

0.16 

0.48 

0.41 

0.07 

0.34 

0.27 

0.07 

0.29 

0.21 

0.08 

0.47 

0.39 

0.08 

n-Propylbenzene 

0.27 

0.26 

0.01 

0.88 

0.72 

0.16 

0.81 

0.74 

0.07 

0.74 

0.71 

0.03 

0.85 

0.79 

0.06 

The  diameter  of  the  wire  packing  is  22  mm.  The  still  pot  is  a  5- 
liter  flask  with  a  spherical  ground-glass  joint.  The  vacuum  jacket 
requires  no  auxiliary  heating  when  the  column  is  operating  below 
320°  F.  A  total  condenser  fits  into  the  top  of  the  column  and 
provides  reflux  and  liquid  overhead  product.  The  fractionating 
efficiency  of  this  column  at  total  reflux  is  50  theoretical  plates  at 
the  vaporization  rate  used  in  these  distillations.  In  all  columns 
the  temperature  of  the  vapor  at  the  top  of  the  column  is  measured 
by  means  of  iron-constantan  thermocouples  with  a  precision  of 
0.3°  F.  (0.17°  C.).  The  peaks  for  particular  compounds  in  the 
plot  of  volume  per  cent  against  temperature  as  measured  by  the 
thermocouples  usually  agree  with  the  literature  values  for  boiling 
points  of  the  particular  compounds  to  1  °  F. 

Refractive  index  measurements  are  made  in  a  Bausch  &  Lomb 
precision  oil  refractometer  using  monochromatic  light.  Light  is 
provided  by  commercially  available  lamps  at  the  wave  lengths  of 
the  mercury  g  fine  (4358  A.)  and  the  sodium  D  fine  (5893  A.). 
The  precision  of  these  measurements  is  ±0.00010  unit  of  refrac¬ 
tive  index  for  routine  determinations.  Specific  gravities  are  de 
termined  at  20°  C./20°  C.  with  a  chainomatic  Westphal  balance 
using  a  2-ml.  glass  plummet.  The  precision  of  these  measure¬ 
ments  is  ±0.0002  unit  of  specific  gravity.  Specific  gravities  are 
converted  to  densities  at  20°  C. 

A  measured  volume  of  the  sample  is  introduced  into  the  still 
pot.  The  volume  of  this  charge  may  be  from  2  to  4  liters,  but  usu¬ 
ally  is  between  3  and  3.5  liters.  The  column  is  preflooded  to  in¬ 
crease  separating  efficiency,  and  then  allowed  to  operate  at  the 
still-pot  pressure  maintained  throughout  the  distillation  for  1  hour 
or  longer.  Product  withdrawal  is  begun  after  this  stabilizing  pe¬ 
riod,  and  is  adjusted  to  give  a  take-off  rate  of  1  ml.  per  minute. 
A  reflux  ratio  of  20  to  1  is  maintained  by  an  appropriate  vaporiza¬ 
tion  rate  throughout  the  distillation.  Fractions  are  collected 
every  8  or  9  minutes,  and  the  temperature  of  the  vapor  at  the  top 
of  the  column  is  recorded  at  this  time.  This  top  temperature  is 
considered  as  the  uncorrected  boiling  point  of  the  last  portion  of 
the  material  in  one  fraction,  and  of  the  first  portion  of  the  suc¬ 
ceeding  fraction.  Distillation  is  continued  until  the  corrected 
boiling  point  exceeds  320°  F.,  or  until  the  still  pot  is  empty.  Af¬ 
ter  the  distillation  is  stopped,  the  still  pot  is  cooled,  the  column 
is  allowed  to  drain,  the  residue  is  removed  and  its  volume  meas¬ 
ured.  Each  distillation  yields  from  200  to  400  fractions,  each  rep¬ 
resenting  approximately  0.25%  by  volume  of  the  original  charge. 

The  volume,  the  specific  gravity,  and  the  refractive  index  for 
the  mercury  g  fine  and  the  sodium  D  fine  are  determined  for  each 
fraction. 

DETERMINATION  OF  AROMATICS  AND  NAPHTHENES 

Refractive  indices  and  densities  of  mixtures  of  aromatics  with 
naphthenes,  with  paraffins,  or  with  mixtures  of  naphthenes  and 
paraffins  are  not  additive  either  on  a  volume  per  cent  basis  or  a 


weight  per  cent  basis,  but  their  additivity  is  more  nearly  linear 
using  volume  per  cent  as  shown  in  Table  II.  For  mixtures  of  aro¬ 
matics,  naphthenes,  and  paraffins  the  specific  dispersions  likewise 
are  not  additive,  but  are  more  nearly  so  using  a  weight  per  cent 
basis  as  shown  by  Figure  1.  For  this  reason  the  determination  of 
aromatics  by  the  use  of  specific  dispersions  is  made  on  a  weight 
per  cent  basis  and  this  weight  per  cent  is  then  converted  to  vol¬ 
ume  per  cent. 

The  equation  for  weight  per  cent  aromatics  in  a  fraction  is 

W  =  100  +  C  (3) 

Wo  Onp 

where  W  is  weight  per  cent  aromatics,  S/  is  the  specific  dispersion 
of  the  fraction,  S„  is  specific  dispersion  of  the  individual  aromatic 


Table  II.  Nonadditivity  of  Density  and  Refractive  Index  for  Mix¬ 
tures  of  Toluene  with  n-Heptane  and  with  Methyicyclohexane 


Composition  of  Blends  in 

Deviations  of  Experimental  Densiti 
and  Refractive  Indices  from  Theoretic 

Terms  of  Nonaromatic 

(Theoretical-Experimental  X 

100 

Component 

Weight  % 

Volume  % 

Weight  % 
n-heptane 

Volume  %“ 
n-heptane 

„„Basis 

j2  0 

d4 

„20 
n  D 

dzoBasis 

„2o 
n  D 

100.00 

100.00 

0 

0 

0 

0 

98.98 

99.19 

5 

3 

2 

1 

96.98 

97.60 

13 

8 

2 

1 

94.97 

95.98 

20 

13 

2 

2 

89.97 

91.89 

38 

25 

3 

5 

79.98 

83.50 

69 

45 

5 

7 

70.17 

74.85 

92 

61 

7 

10 

50.30 

56.15 

113 

76 

7 

13 

29.98 

35.13 

100 

69 

6 

13 

19.99 

24.02 

77 

54 

4 

10 

10.02 

12.35 

43 

32 

1 

7 

5.02 

6.27 

23 

17 

1 

4 

3.03 

3.80 

13 

11 

-1 

3 

1.01 

1.27 

4 

4 

-1 

1 

0.00 

0.00 

0 

0 

0 

0 

Methyicyclohexane 

100.00  100.00 

0 

0 

0 

0 

98.87 

99.00 

5 

2 

3 

1 

94.87 

95.41 

12 

9 

7 

5 

89.91 

90.93 

23 

15 

13 

7 

69.91 

72.32 

53 

35 

24 

17 

49.94 

52.87 

56 

41 

27 

20 

30.04 

32.56 

46 

36 

23 

18 

10.03 

11.15 

21 

16 

10 

8 

5.03 

5.62 

10 

9 

4 

4 

1.06 

1.19 

3 

2 

1 

1 

0.00 

0.00 

0 

0 

0 

0 

a  Calculated  from  weight  and  density  of  components. 
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Table  III.  Boiling  Points,  Specific  Dispersions,  and  Densities  of 

Aromatics 


Aromatic 

Boiling  Point®, 

760  Mm. 

Specific 
Dispersion &, 

C 0  -  D ) 

Density6, 
20°  C. 

Benzene 

0  c. 

80.10 

°  F. 

176.18 

248.4 

0.8790 

Toluene 

110.62 

231.12 

241.4 

0.8669 

Ethylbenzene 

136.19 

277.14 

228.1 

0.8671 

p-Xylene 

138.35 

281.03 

238.2 

0.8610 

m-Xylene 

139.11 

282.40 

237.1 

0.8641 

o-Xylene 

144.42 

291.96 

234.8 

0.8800° 

Isopropylbenzene 

152.40 

306.32 

215.8 

0.8619 

n-Propylbenzene 

159.22 

318.60 

216. 0C 

0.8619“ 

“  From  reliable  but  restrieted  data. 
6  See  (81. 

c  Estimated  value. 


being  determined,  S„p  is  the  average  value  of  the  specific  disper¬ 
sions  of  the  naphthenes  and  paraffins,  and  C  is  an  additive  correc¬ 
tion  for  the  deviation  from  linearity  of  the  property-composition 
relationship.  The  value  of  S/  is  calculated  from  the  refractive 
indices  and  density  of  the  fraction  by  the  equation 

=  n0  -  Tin  x  1Q4  (4) 

a/ 

where  n„  and  are  the  refractive  indices  of  the  fraction  for  the 
mercury  g  line  and  the  sodium  D  line,  and  d/  is  the  density  of  the 
fraction. 


The  value  of  Snp  is  122.4,  the  values  of  Sa  are  listed  in  Table 
III,  and  the  value  of  C  is  taken  from  the  curves  in  Figure  2.  A 
discussion  of  these  values  is  included  in  the  paper  by  Thorne, 
Murphy,  and  Ball  (8).  The  equation  for  converting  weight  per 
cent  aromatics  to  volume  per  cent  is 

r  -  mm  <5, 

where  V  is  volume  per  cent  aromatics,  d/  is  the  density  of  the 
fraction,  and  da  is  the  density  of  the  aromatic  compound,  given  in 
Table  III.  The  calculations  for  the  per  cent  aromatics  in  each 
fraction  are  recorded  to  the  nearest  figure  in  the  first  decimal  place. 

For  the  naphthene  determination,  refractivity  intercepts  for 
each  fraction  are  calculated  by  the  use  of  Equation  2  and  are  then 
plotted  with  their  corresponding  densities  on  the  proper  member 
of  a  series  of  14  graphical  analysis  charts  extending  over  the  tem¬ 
perature  range  from  97°  to  320°  F.  The  corrected  boiling  point 
determines  which  of  the  charts  will  be  used  in  plotting  the  prop¬ 
erty  values  of  the  fraction,  and  the  volume  per  cent  of  naphthenes 
in  the  fraction  is  read  directly  from  the  plot  of  these  values  on  the 
chart.  Percentages  for  the  naphthenes  are  recorded  only  in  whole 
numbers. 

APPLICATION  OF  THE  METHODS  OF  ANALYSIS 

The  distillation  characteristics  of  mixtures  of  aromatics  with 
naphthenes  and  paraffins  are  such  that  most  of  the  individual 


Figure  2.  Curves  for  Correcting  Aromatic  Contents  as 
Determined  by  Specific  Dispersion  Method 


aromatic  compound  is  distilled  from  a  naphtha  before  the  boiling 
point  of  the  aromatic  compound  has  been  reached.  Examination 
of  the  data  from  a  large  number  of  distillations  has  indicated  the 
temperature  limits  within  which  the  individual  aromatic  com¬ 
pounds  aire  likely  to  be  found.  These  limits  for  the  individual 
compounds  are:  benzene,  146  °  to  185°  F.;  toluene,  203°to251°F.; 
ethylbenzene,  251°  to  273°  F.;  p-xylene  and  wi-xylene,  273° 
to  283  °  F. ;  o-xylene,  283  °  to  295  °  F. ;  isopropylbenzene,  295  0  to 
310°  F.;  and  n-propylbenzene,  310°  to  320°  F.  Equations  3,  4, 
and  5  are  applied  to  all  fractions  within  these  ranges  which  have 
specific  dispersions  above  122.4  using  the  appropriate  constants 
given  in  Table  III  for  each  aromatic  compound.  Because  of  the 
small  difference  in  boiling  point  between  p-xylene  and  m-xylene, 
making  separation  impossible  under  the  distillation  conditions 
employed,  the  constants  for  these  two  compounds  are  averaged, 
and  the  results  of  the  determination  for  the  range  from  273°  to 
283  °  F.  are  expressed  in  terms  of  the  mixture  of  the  two.  As  in¬ 
dicated  in  Table  III,  the  specific  dispersion  for  n-propylbenzene 
was  estimated,  as  none  of  the  pure  compound  was  available  to 
make  an  experimental  determination  possible.  However,  since 
the  densities  and  refractive  indices  (nD)  of  isopropylbenzene  and 
n-propylbenzene  are  practically  the  same,  and  since  the  specific 
dispersions  for  these  two  compounds  calculated  from  the  refractive 
indices  for  the  hydrogen  F  and  C  lines  are  virtually  identical  ( 166.5 
and  166.4),  this  estimated  value  of  216.0  should  be  within  the 
experimental  error  of  the  true  value,  and  the  correction  curve  for 
isopropylbenzene  in  Figure  2  is  used  for  n-propylbenzene.  The 
summation  of  the  percentages  of  aromatic  in  each  fraction,  based 
on  the  total  amount  of  sample,  yields  the  amounts  of  the  in¬ 
dividual  aromatics  in  the  sample. 

To  obtain  greater  precision  in  the  determination  of  the  naph¬ 
thene  content  of  each  fraction,  individual  values  for  the  refrac¬ 
tivity  intercepts  of  the  pure  compounds  are  used  rather  than  the 
average  values  suggested  by  Kurtz  and  Headington. 

Up  to  the  present  time  the  analysis  of  virgin  naphthas  has  indi¬ 
cated  that  only  those  naphthenes  that  have  5-  and  6-carbon-atcm 
rings  occur  in  these  naphthas  in  detectable  quantities.  Such 
analyses  have  also  indicated  the  absence  of  the  cis  form  of  the 
naphthene  compounds,  and  the  absence  of  the  more  highly 
branched  paraffin  hydrocarbons.  This  means  that  only  about  34 
individual  aromatic  and  saturated  hydrocarbons  need  be  consid¬ 
ered  in  the  analysis  of  a  naphtha  in  that  portion  of  the  material 
boiling  between  97°  and  243°  F.  From  the  above  considerations 
and  from  information  in  the  literature,  about  70  compounds 
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should  be  considered  in  that  portion  of  the  naphtha  distilling 
between  243  °  and  320  °  F. 

A  study  of  the  boiling  points  of  the  compounds  in  the  97°  to 
320  0  F.  range  indicates  certain  fairly  wide  temperature  intervals 
at  which  no  material  should  distill,  so  that  an  efficient  fractional 
distillation  should  show  minima  in  the  amount  of  distillate  re¬ 
covered  at  these  temperature  intervals.  Examination  of  the 
data  from  more  than  75  such  distillations  shows  that  such  minima 
do  occur,  suggesting  the  use  of  these  points  as  temperature  divi¬ 
sions  in  the  method  of  analysis. 


Figure  3.  Graphical  Analysis  Diagram 


On  the  basis  of  these  points  of  minima  and  from  a  knowledge  of 
the  refractivity  intercepts  and  densities  of  the  individual  hydro¬ 
carbons,  together  with  a  consideration  of  the  boiling  points  and 
distillation  characteristics  of  the  aromatic  compounds,  the  tem¬ 
perature  range  from  97°  to  320°  F.  has  been  divided  into  15 
smaller  ranges  for  analytical  purposes.  Graphical  analysis  charts, 
using  refractivity  intercepts  and  densities,  have  been  constructed 
for  14  of  these  temperature  ranges.  No  chart  is  necessary  for 
naphthene  analysis  in  the  range  from  135°  to  146°  F.,  since  only 
paraffin  hydrocarbons  are  present.  Table  IV  indicates  the  tem¬ 
perature  range  of  each  division  and  the  individual  compounds, 
together  with  their  physical  properties,  which  have  been  used  in 
defining  the  14  charts. 

If  points  A,  B,  and  C  in  Fig¬ 
ure  3  represent  the  refractivity  in¬ 
tercept  and  density  of  a  pure  in¬ 
dividual  aromatic,  paraffin,  and 
naphthene  hydrocarbon,  respec¬ 
tively,  then  the  composition  of 
any  fraction,  D,  containing  only 
these  3  hydrocarbons  can  be  de¬ 
termined  from  the  geometrical  posi¬ 
tion  of  point  D  within  the  triangle 
formed  by  points  A,  B,  and  C, 
provided  that,  the  properties  which 
define  each  of  the  points  are  addi¬ 
tive  with  relation  to  composition. 

As  there  are  only  8  aromatic 
compounds  in  the  boiling  range 
considered,  it  was  relatively  easy 
to  locate  the  aromatic  points 


(A  in  Figure  3)  on  those  of  the  14  charts  where  aromatics  must 
be  considered. 

For  a  number  of  boiling  ranges  the  paraffins  and  naphthenes 
probably  present  are  sufficiently  well  known  and  their  constants 
sufficiently  well  established  to  make  it  possible  to  use  their  re¬ 
fractivity  intercept  and  density  values  to  establish  points  B  and 
C  in  Figure  3,  and  therefore  the  slope  and  position  of  the  paraf¬ 
fin-naphthene  connecting  line.  Where  there  is  insufficient  infor¬ 
mation  to  permit  this  procedure,  the  slope  and  position  of  the  line 
have  been  established  by  using  data  for  distilled  fractions  free 
from  aromatic  material.  The  length  of  the  line,  and  therefore  the 
location  of  points  B  and  C,  are  determined  by  a  consideration  of 
the  paraffins  and  naphthenes  which  theoretically  may  be  present 
and  those  which  the  data  indicate  most  probably  are  present  or 
absent.  Figures  4,  5,  7,  8,  9,  10,  12,  13,  14,  16,  17,  and  19  show 
some  of  the  representative  data  used  in  defining  the  paraffin- 
naphthene  base  line  of  the  graphical  analysis  triangles.  These 
data  are  not  continuous  from  one  figure  to  the  next,  except  as  in¬ 
dicated,  and  were  taken  from  a  large  number  of  distillations. 

Figures  6,  11,  15,  and  18  represent  the  finished  form  of  4  of  the 
14  graphical  analysis  charts  used  for  the  naphthene  determina¬ 
tions  except  for  the  omission  here  of  the  smaller  scale  divisions  or¬ 
dinarily  used,  and  show  data  for  4  different  naphthas.  These 
naphthas  are  from  Saxet,  Yates  and  Taylor-Link,  and  Conroe 
crude  oils  from  Texas,  and  from  Lance  Creek  crude  oil  from  Wyo¬ 
ming.  Each  is  distinctive  in  its  composition  characteristics. 
The  Saxet  naphtha,  from  the  Corpus  Christi  area  of  Texas,  con¬ 
tains  an  unusually  high  percentage  of  the  naphthenic  hydrocar¬ 
bons.  The  Yates  and  Taylor-Link  mixed  sample  from  West 
Texas,  containing  about  75%  of  Yates  material,  has  an  abnor¬ 
mally  low  percentage  of  normal  paraffins  and  a  high  percentage  of 
isomeric  paraffins.  The  Conroe,  Texas,  naphtha  has  an  excep¬ 
tionally  high  content  of  the  aromatic  hydrocarbons.  The  Lance 
Creek,  Wyo.,  naphtha  was  completely  dearomatized  by  filtra¬ 
tion  through  siliea  gel  before  the  distillation  was  made.  The  14 
graphical  analysis  charts  are  scaled  in  1%  divisions  for  aromatics 
and  in  2%  increments  for  naphthenes.  Each  of  the  15  tempera¬ 
ture  ranges  from  97  °  to  320  °  F.  is  discussed  in  detail  below. 

Figure  4.  Temperature  range,  97°  to  135°  F.  Cyclopentane  is 
the  only  naphthene  found  in  this  range;  n-pentane,  2,2-dimethyl- 
butane,  and  2,3-dimethylbutane  are  the  paraffins  present;  and 
there  is  no  aromatic.  Cyclopentane,  which  occurs  in  most  crude 
oils,  usually  is  associated  with  a  smaller  quantity  of  2,2-dimethyl- 
butane.  The  total  quantity  of  both  compounds  is  always  small. 
The  temperature  135°  F.  seems  to  be  the  most  suitable  for  the 
inclusion  of  all  the  cyclopentane  in  this  range,  and  the  exclusion  of 
the  major  portion  of  the  2,3-dimethylbutane.  In  Figure  4  the 
paraffin  and  naphthene  points,  and  therefore  the  connecting  line, 
are  defined  by  the  appropriate  constants  for  2,2-dimethylbutane 
and  cyclopentane.  Two  sets  of  data  points  for  typical  naphthas 
are  also  given  by  curves  A  and  B,  showing  the  change  in  compo¬ 
sition  of  the  successive  fractions  with  increase  in  boiling  point 
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few  fractions,  but  will  have  a  negligible 
effect  on  the  naphthene  determination. 
The  temperature  167°  F.  is  a  point 
showing  a  minimum  in  the  amount  of 
distillate  recovered  in  the  distillations, 
and  also  serves  as  a  division  between 
methylcyclopentane  in  this  temperature 
range  and  a  possible  azeotrope  formed 
by  benzene  and  cyclohexane  in  the  fol¬ 
lowing  range.  This  mixture  has  a  boil¬ 
ing  point  of  about  170°  F.  Curves  A 
and  B  in  Figure'5  indicate  clearly  the 
slope  and  position  of  the  base  line  for 
this  temperature  range  and  confirm  the 
selection  of  the  constants  for  n-hexane 
and  methylcyclopentane  as  the  paraffin 
and  naphthene  points.  The  data  for 
this  range  indicate  the  high  concentra¬ 
tions  of  the  2  hydrocarbons  that  can  be 
expected  in  these  distillations.  The 
paraffin-naphthene  base  line  shown  in 
Figure  5  is  combined  with  the  aromatic 
point  for  benzene  to  obtain  a  triangle  similar  in  form  to  the  tri¬ 
angles  shown  in  Figures  3  and  6. 

Figures  5  and  6.  Temperature  range,  167°  to  185°  F.  Cyclo¬ 
hexane  is  the  only  naphthene  boiling  in  this  range  and  usually 
occurs  with  2,2-dimethylpentane,  2,4-dimethylpentane,  and 
benzene.  A  minimum  in  volume  per  cent  recovered  occurs  at 
185°  F.  This  is  also  the  point  at  which  virtually  all  of  the  cyclo¬ 
hexane  has  distilled  from  the  sample.  The  bases  of  two  tempera¬ 
ture  ranges  are  shown  together  in  Figure  5  to  indicate  the  shift  in 
naphthenic  constituents  in  the  course  of  the  distillation  from 
methylcyclopentane  to  cyclohexane  and  also  to  show  the  prob¬ 
able  presence  of  either  or  both  2,2-dimethylpentane  and  2,4-di¬ 
methylpentane.  Curve  D  in  Figure  5  shows  that  in  some  naphthas 
the  paraffin  concentration  of  the  fractions  increases  markedly 
between  the  maximum  concentrations  of  these  two  naphthenes. 
The  boiling  points  of  these  fractions  and  of  the  pure  compounds 
indicate  that  this  increase  must  be  caused  by  either  or  both  of 
the  2  dimethylpentanes  above.  Curve  C  shows  an  unusual  50% 
by  volume  concentration  of  paraffins  in  this  range.  The  distilla¬ 
tion  data  in  Figures  5  and  6  indicate  that  the  paraffin  and  naph¬ 
thene  points  were  chosen  properly. 

Figure  7.  Temperature  range  185°  to  203°  F.  Naphthenes 
boiling  in  this  range  are  1,1-dimethylcyclopentane,  trans- 1,3- 
dimethylcyclopentane,  and  frans-l,2-dimethylcyclopentane,  and 
the  paraffins  are  2,3-dimethylpentane,  2-methylhexane,  and  3- 
methylhexane.  Present  experience  does  not  indicate  the  presence 
of  either  3,3-dimethylpentane  or  3-ethylpentane.  The  amounts 
of  benzene  or  toluene  found  are  negligible  and  their  presence  is 
unusual.  The  temperature  203°  F.  is  another  point  in  the  distilla¬ 
tions  where  a  definite  minimum  in  total  volume  per  cent  occurs, 
and  is  also  a  division  between  the  isomeric  heptanes  and  n-hep- 
tane.  It  is  the  lowest  temperature  at  which  toluene  first  appears 
in  any  of  the  distillations.  Curves  A  and  B  in  Figure  7  show  the 
shift  with  increase  in  boiling  point  from  cyclohexane  in  Figure  5 
toward  2,3-dimethylpentane  and  2-methylhexane  in  Figure  7,  a 
reversal  toward  the  2  higher-boiling  frans-diipethylcyclopentanes, 
and  a  final  reversal  in  the  paraffin  direction  toward  3-methyl- 
hexane.  The  required  slope  and  position  of  the  paraffin-naph¬ 
thene  line  is  defined  by  the  data  in  Figure  7  and  the  paraffin  and 
naphthene  points  selected  fulfill  these  requirements.  The  par¬ 
affin  point  is  an  average  of  the  values  for  2,3-dimethylpentane,  2- 


from  n-pentane  through  mixtures  containing 
cyclopentane  to  2,3-dimethylbutane.  Since  no 
aromatic  occurs  in  this  range  the  paraffin- 
naphthene  line  suffices  for  the  naphthene  deter¬ 
mination. 

Temperature  range,  135°  to  146°  F.  Nor¬ 
mally  all  material  boiling  in  this  range  will  be 
paraffinic,  and  no  naphthene  determination  is 
required.  The  paraffins  present  are  2,3-di¬ 
methylbutane,  2-methylpentane,  and  3-methyl- 
pentane  and  a  procedure  for  estimating  their 
relative  quantities,  based  on  refractive  indices 
and  densities,  is  outlined  later.  The  tempera¬ 
ture  146°  F.  was  selected  as  the  maximum  that 
can  be  reached  in  all  distillations  without  includ¬ 
ing  some  benzene. 

Figure  5.  Temperature  range,  146°  to  167°  F. 
Methylcyclopentane,  n-hexane,  and  benzene 
are  the  compounds  usually  found  in  this  range. 
Some  3-methylpentane  may  occur  in  the  first 
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in  the  sample  is  high.  Since  the  amount  of  distillate  in  the  range 
is  usually  small  for  naphthas  having  no  toluene  in  them,  the  par¬ 
affin-naphthene  line  cannot  be  defined  as  accurately  as  in  some 
of  the  other  ranges.  Figure  11  represents  the  best  solution  pos¬ 
sible  with  present  knowledge  and  data.  The  naphthene  point  is 
based  on  the  constants  for  1,2,4-trimethylcyclopentane,  although 
its  actual  presence  is  uncertain.  The  paraffin  point  is  determined 
by  the  average  of  the  values  for  2,2-dimethylhexane,  2,5-di- 
methylhexane,  and  2,4-dimethylhexane. 

Figure  10.  Temperature  range,  235°  to  243°  F.  The  naphthene 
material  in  this  range  is  characterized  by  the  properties  of  1,2,4- 
trimethylcyclopentane  and  the  probable  paraffin  is  2,3-dimethyl- 
hexane.  Toluene  may  be  present  in  small  quantities.  Naphthene 
and  paraffin  concentration  relative  to  the  whole  sample  normally 
begins  to  increase  rapidly  at  243°  F.  and  a  change  in  both  naph¬ 
thene  and  paraffin  points  is  indicated  by  the  distillation  data. 


methylhexane,  and  3-methylhexane  and  the  naphthene  point  is 
an  average  of  the  values  for  trans-  1,3-dimethylcyclopentane  and 
frans-l,2-dimethylcyclopentane.  The  quantity  of  1,1-dimethyl- 
cyclopentane  in  this  range  relative  to  the  total  amount  of  the 
other -2  naphthenes  is  usually  small  and  consequently  its  con¬ 
stants  were  not  used  in  the  average  for  the  naphthene  point. 

Figure  8.  Temperature  range,  203°  to  215°  F.  Methylcyclo- 
hexane,  n-heptane,  and  toluene  are  the  only  hydrocarbons  usu¬ 
ally  present  in  this  range.  The  temperature  215°  F.  separates 
methylcyclohexane  from  ethylcyclopentane  in  Figure  9,  and  71- 
heptane  from  the  isomeric  octanes.  Curve  A  in  Figure  8  shows 
the  transition  from  Figure  7  to  n-heptane  in  Figure  8.  All  data 
for  this  range  show  a  change  in  concentration  from  7j-heptane 
toward  methylcyclohexane,  both  hydrocarbons  usually  occurring 
in  high  concentrations.  Curve  A  in  Figure  8  also  shows  a  shift 
from  methylcyclohexane  in  Figure  8  toward  Figure  9.  All  the 
data  indicate  that  the  constants  for  methylcyclohexane  and  n- 
heptane  define  the  paraffin-naphthene  line  for  this  range  very  ac¬ 
curately. 

Figure  9.  Temperature  range,  215°  to  222°  F.  Ethylcyclo¬ 
pentane,  2,2-dimethylhexane,  and  toluene  are  the  hydrocarbons 
indicated  in  this  range.  The  temperature  222°  F.  is  at  a  point 
showing  a  minimum  in  volume  per  cent  of  distillate  and  separates 
ethylcyclopentane  from  the  higher-boiling  naphthenes  in  Figure  10. 
The  data  shown  in  Figure  9  indicate  that  only  a  few  cuts  are 
normally  recovered  in  this  range  and  that  these  cuts  contain  a 
high  naphthene  concentration.  The  napthene  point  for  the  par¬ 
affin-naphthene  fine  is  based  on  the  properties  of  ethylcyclopen¬ 
tane  and  the  paraffin  point  is  based  on  the  properties  of  2,2-di¬ 
methylhexane,  although  its  boiling  point  is  higher  than  the  indi¬ 
cated  temperature  range  of  Figure  9. 

Figures  1 0  and  1 1 .  Temperature  range,  222°  to  235°  F.  Two 
or  more  unidentified  naphthenes  probably  are  present  in  this 
range  together  with  the  paraffins  and  toluene.  The  probable 
paraffins  are  2,2-dimethylhexane,  2,5-dimethylhexane,  and  2,4- 
dimethylhexane,  with  no  indication  of  the  presence  of  3,3-di- 
methylhexane.  The  temperature  235°  F.  usually  indicates  a 
change  in  the  paraffin  constituents  of  the  fractions  boiling  at  this 
point,  making  a  change  in  the  paraffin  point  of  the  paraffin- 
naphthene  line  advisable.  The  data  for  this  range  in  Figures 
10  and  11  indicate  a  small  amount  of  distillate  through¬ 
out  the  range  except  in  those  cases  where  the  amount  of  toluene 
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of  frons-l,4-dimethylcyclohexane,  irans-1, 3-dime  thyleyclohex- 
ane,  and  <rans-l-methyl-2-ethylcyclopentane.  Probably  some 
1,1-dimethylcyclohexane  is  present  but  the  relative  amount  is 
usually  small.  The  paraffin  point  is  defined  by  the  average  of  the 
values  for  2-methylheptane,  4-methylheptane,  and  3-methylhep- 
tane.  The  data  for  this  range  confirm  this  selection  of  paraffin 
and  naphthene  points. 

Figure  1  3.  Temperature  range,  251°  to  273°  F.  The  principal 
naphthenic  constituents  in  this  range  appear  to  be  trans-1,2- 
dimethylcyclohexane,  n-propylcyclopentane,  i.sopropylcyclopen- 
tane,  and  ethylcyclohexane.  The  paraffin  usually  present  in 
greatest  concentration  is  n-octane,  although  small  amounts  of  2,- 
2-dimethylheptane  and  2,4-dimethylheptgme  may  occur.  Ethyl¬ 
benzene  is  usually  present  in  this  range.  The  temperature  273°  F. 
serves  as  a  division  between  ethylcyclohexane  in  this  range  and 
the  naphthenes  in  Figure  14,  and  also  as  a  relative  division  be¬ 
tween  ethylbenzene  and  the  2  aromatics  in  the  next  boiling  range. 
Curves  A  and  B  in  Figure  13  show  a  high  concentration  of  naph¬ 
thenic  material  in  the  first  fractions  of  the  range,  the  trend  of  the 
data  toward  the  paraffin  point  because  of  the  presence  of  n-octane, 
and  the  reversal  near  the  boiling  point  of  n-octane  toward  an¬ 
other  region  of  high  naphthenic  concentration.  Curves  A ,  B,  and 
C  show  the  shift  from  Figure  13  toward  Figure  14  in  the  higher¬ 
boiling  fractions  in  this  range.  Curve  C  represents  a  naphtha 
almost  devoid  of  the  normal  paraffins.  The  data  define  the  par¬ 
affin-naphthene  line  rather  well  and  indicate  that  the  paraffin  and 
naphthene  points  are  properly  located.  The  naphthene  point  is 
defined  by  an  average  of  the  constants  for  irans-l,2-dimethylcy- 
clohexane,  isopropylcyclopentane,  n-propylcyclopentane,  and 
ethylcyclohexane.  The  paraffin  point  is  represented  by  the  val¬ 
ues  for  n-octane. 

Figures  14  and  1 5.  Temperature  range,  273°  to  283°  F.  There 
is  no  definite  indication  of  the  probable  naphthenes  in  this  range 
and  the  more  probable  paraffins  are  2,6-dimethylheptane,  2,5- 
dimethylheptane,  and  3,3-dimethylheptane.  p-Xylene  and  m- 
xylene  usually  are  present  in  the  fractions  distilling  within  the 
above  temperatures.  The  temperature  283°  F.  is  used  to  sepa¬ 
rate  the  dimethylheptanes  from  the  methyloctanes,  and  p-xylene 
and  m-xylene  from  o-xylene  in  the  following  temperature  range. 
One  set  of  data  in  Figure  14  shows  an  increase  in  paraffin  concen- 


The  slope  and  position  of  the  paraffin-naphthene  line  are  well  de- 
.fined  and  there  are  no  reversals  of  direction  in  the  data.  The 
naphthene  point  is  determined  by  the  constants  for  1,2,4-tri- 
methylcyclopentane  and  the  paraffin  point  by  the  constants  for 
2,3-dimethylhexane.  Here  again,  the  occurrence  of  1,2,4-tri- 
methylcyclopentane  is  uncertain,  and  more  than  one  naphthene 
actually  may  be  present. 

Figure  1 2.  Temperature  range,  243°  to  251°  F.  The  predomi¬ 
nant  naphthenes  in  this  region  are  lrare.s-1, 3-dimethyl  cyclohexane 
and  £rcms-l, 4-dimethylcyclohexane,  with  possibly  some  1,1-di¬ 
methylcyclohexane,  and  one  or  more  cyclopentane  derivatives 
with  constants  similar  to  those  of  frans-l-methyl-2-ethylcyclopen- 
tane.  The  predominant  paraffins  are  2-methylheptane,  4-methyl¬ 
heptane,  and  3-methylheptane.  Small  amounts  of  toluene  may 
be  present  in  some  distillations.  The  temperature  251°  F.  serves 
to  separate  the  isomeric  octanes  from  n-octane,  and  the  naph¬ 
thenes  in  this  region  from  irons- 1,2-dimethy  Icy  clohexane  in  Fig¬ 
ure  13.  The  slope  and  position  of  the  paraffin-naphthene  line  are 
well  defined- by  the  data  in  Figure  12.  The  naphthene  point  is 
based  on  the  average  of  the  refractivity  intercepts  and  densities 
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Table  V.  Volume  Per  Cent  of  Individual  Hydrocarbons  in  the  97°  to  243°  F.  Boiling  Range  for  Several  Representative  Naphthas 


Hydrocarbons 

Coalinga 

Conroe 

Hastings 

Jennings 

KMA 

Strawn 

Old 

Ocean 

Saxet 

Segno 

Tom 

O’Connor 

Wade 

City 

n-Pentanea 

0.44 

0.33 

0.89 

1.12 

0.40 

0.36 

1.11 

0.55 

None 

1.28 

Cyclopentane 

1.76 

0.96 

1.23 

0.67 

1.25 

0.85 

0.73 

1.08 

1.04 

1.36 

2,2-Di  methylbutane 

0.25 

0.39 

0.78 

0.42 

0.16 

0.58 

0.32 

0.74 

0.60 

0.57 

2,3-Dimethylbutane 

2.21 

1.46 

1.97 

2.05 

1.74 

1.88 

1.25 

1.94 

2.09 

■  1.27 

2-Methylpentane 

2.56 

2.89 

2.16 

3.47 

4.39 

5.23 

1.33 

3.71 

4.61 

1.14 

3-Methylpentane 

1.89 

2.09 

1.81 

1.03 

3.80 

3.36 

0.88 

2.22 

2.62 

1.52 

n-Hexane 

7.75 

6.44 

5.18 

9.15 

12.71 

10.18 

2.29 

8.84 

7.76 

2.04 

Methylcyclopentane 

10.29 

6.51 

7.42 

5.01 

7.52 

5.42 

5.52 

6.40 

6.70 

7.39 

2,2-Dimethylpentane  ) 
2,4-Dimethylpentane  J 

0.51 

0.96 

2.55 

1.46 

0.79 

1.52 

3.51 

1.38 

1.72 

2.27 

Benzene 

2.22 

3.27 

0.16 

3.61 

0.59 

2.28 

None 

1.82 

0.58 

0.38 

Cyclohexane 

7.63 

10.40 

13.66 

7.13 

4.68 

7.30 

15.07 

9.64 

10.94 

14.93 

1 , 1-Dimethylcyclopentane 

1.17 

0.35 

0.70 

1.00 

0.45 

0.83 

1.30 

0.59 

0.68 

0.96 

2,3-Dimethylpentane  1 

2.69 

3.45 

4.53 

6.14 

5.81 

6.71 

2.39 

5.32 

5.79 

2.27 

2-Methylhexane  ) 

(rons-l,3-Dimethylcyelopentane 

4.92 

2.62 

5.78 

2.53 

7.08 

3.87 

4.33 

2.98 

4.36 

3.97 

trans-1, 2- Di  methylcyclopentane 

7.05 

1.59 

2.35 

1.02 

5.29 

1.41 

3.12 

1.29 

2.64 

3.94 

3-Methylhexane 

3.30 

1.90 

1.49 

2.25 

3.90 

2.88 

1.25 

2.01 

3.29 

1.32 

n-Heptane 

5.94 

6.90 

2.43 

8.42 

11.32 

10.92 

1.69 

7.96 

4.96 

0.86 

M  ethylcy  clohexane 

14 . 55 

22.00 

32.39 

18.07 

12.29 

17.20 

37.48 

21.58 

23.02 

35.62 

Ethylcyclopentane 

4.38 

2.03 

3.58 

2.34 

3.65 

3.48 

4.09 

2.70 

3.22 

5.16 

2,2-Dimethylhexane 

0.57 

0.71 

0.77 

2.39 

0.93 

1.51 

1.35 

1.27 

1.51 

1.39 

2,5-Dimethylhexane ) 
2,4-Dimethylhexane  ) 

0.56 

2.70 

2.02 

2.13 

0.51 

1.04 

2.11 

1.69 

0.33 

1.19 

Toluene 

7.94 

16.19 

0.77 

12.02 

2.57 

5.87 

None 

9.61 

3.39 

2.64 

Trimethylcyclopentanes  (?) 

7.23 

3.56 

3.05 

3.71 

4.56 

3.38 

4.42 

2.56 

3.58 

3.69 

2,3-Dimethylhexane 

1.30 

0.22 

1.33 

2.39 

2.49 

1.45 

1.66 

1.87 

3.39 

1.23 

A  trimethylcyclopentane  (?) 

0.89 

0.08 

1.00 

0.47 

1.12 

0.49 

2.80 

0.25 

1.18 

1.61 

Total 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

°  n-Pentane  boiling  below  97.0°  F.  not  included  in  these  figures. 


tration  with  an  increase  in  boiling  point  whereas  the  other  set 
shows  the  reverse.  The  paraffin-naphthene  line  seems  to  be  rea¬ 
sonably  correct  although  more  knowledge  of  the  constituents  of 
this  range  is  desirable.  The  naphthene  point  is  defined  by  the  re- 
fractivity  intercepts  and  densities  of  the  3  naphthenes  listed  in 
Table  IV  for  this  range.  These  may  or  may  not  be  the  more 
probable  hydrocarbons  present.  The  paraffin  point  is  defined  by 
the  average  of  the  values  for  2,6-dimethylheptane,  2,5-dimethyl- 
heptane,  and  3,3-dimethylheptane.  The  aromatic  point  in  Figure 
15  is  based  on  the  average  of  the  constants  for  p-xylene  and  rn- 
xylene.  For  the  Cs  and  the  two  C»  aromatics  determined  in  this 
scheme  of  analysis,  the  temperature  limits  chosen  for  the  individ¬ 
ual  compounds  do  not  imply  clear-cut  separations  of  the  hydro¬ 
carbons  by  the  distillations,  and  the  method  of  analysis  relies  on 
the  principle  of  compensating  errors  for  the  attainment  of  the 
probable  error  later  indicated  for  these  determinations.  The 
principle  of  compensating  errors  is  included  also  in  the  accuracy 
indicated  for  the  paraffin  and  naphthene  determinations. 

Figure  16.  Temperature  range,  283°  to  295°  F.  The  naph¬ 
thenes  in  this  range,  as  in  the  preceding  range  and  the  2  succeed¬ 
ing  ranges,  are  not  well  known  and  no  attempt  is  made  to  single 
out  the  predominant  naphthenic  compounds.  The  paraffins  are 
probably  4-methyloctane,  2-methyloctane,  and  3-methyloctane. 
o-Xylene  is  usually  present  in  this  temperature  range.  The  tem¬ 
perature  295°  F.  separates  o-xylene  from  isopropylbenzene  (cu¬ 
mene)  and  the  isomeric  nonanes  from  re-nonane.  The  slope  and 
position  of  the  paraffin-naphthene  fine  are  clearly  indicated  by  the 
data  in  Figure  16.  This  confirms  the  location  of  the  paraffin 
point  and  indicates  that  the  naphthene  point  has  been  selected 
with  reasonable  accuracy.  The  paraffin  point  is  based  on  the 
average  of  the  constants  for  4-methyloctane,  2-methyloctane,  and 
3-methyloctane.  The  naphthene  point  is  defined  by  the  average 
of  the  values  for  the  4  naphthenes  listed  in  Table  IV  for  this  range. 

Figures  1 7  and  1 8.  Temperature  range,  295°  to  310°  F.  Some 
of  the  naphthenes  that  are  theoretically  constituents  of  the  ma¬ 


terial  boiling  in  this  range  are  listed  in  Table  IV.  The 
predominant  paraffin  is  n-nonane,  and  isopropylbenzene 
is  usually  present  in  this  temperature  range.  The  tem¬ 
perature  310°  F.  separates  isopropylbenzene  from  re- 
propylbenzene  and  n-nonane  from  the  isomeric  decanes 
likely  to  be  present  in  petroleum  naphthas.  The  data  in 
Figure  17  define  the  slope  and  position  of  the  paraffin- 
naphthene  line  and  indicate  that  the  paraffin  and 
naphthene  points  represent  the  largest  part  of  previous 
distillation  data.  The  paraffin  point  is  the  plot  of  the 
refractivity  intercept  and  density  of  re-nonane,  and  the 
naphthene  point  is  based  on  the  average  of  the  constants 
for  the  compounds  listed  in  Table  IV  for  this  range. 

Figure  19.  Temperature  range,  310°  to  320°  F.  The 
naphthenes  in  this  range  are  represented  by  the  values 
for  re-propylcyclohexane  and  re-butylcyclopentane.  The 
paraffins  present  are  probably  2,6-dim.ethyloctane, 
3,5-dimethyloctane,  2, 5-dime  thyloctane,  and  2,7-di- 
methyloctane.  re-Propylbenzene  usually  is  present  in  the  range. 
The  temperature  320°  F.  was  chosen  to  include  all  the  re- 
propylbenzene  in  the  naphthas.  The  data  in  Figure  19  do 
not  define  the  paraffin-naphthene  line  as  well  as  most  of  the 


other  data  shown  previously  but  do  indicate  that  the  points  se¬ 
lected  for  this  range  are  reasonably  accurate  considering  the  pres¬ 
ent  knowledge  of  petroleum  naphthas  in  this  boiling  range.  The 
paraffin  point  is  based  ori  the  average  of  the  constants  for  2,6- 
dimethyloctane,  3,5-dimethyloctane,  2,5-dimethyloctane,  and 
2,7-dimethyloctane.  The  naphthene  point  is  defined  by  the  con¬ 
stants  for  re-propylcyclohexane  and  re-butylcyclopentane. 
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No  data  for  the  Conroe  naphtha  are  shown  in  Figure  18,  since 
the  distillation  of  this  sample  was  discontinued  at  295°  F.  For 
the  sake  of  clarity,  not  all  data  obtained  in  the  column  distilla¬ 
tions  are  shown  in  Figures  4  to  19,  as  many  of  the  points  would 
have  coincided  and  overlapped.  The  data  omitted  would  not 
have  altered  the  general  shape  or  extent  of  any  of  the  curves  but, 
on  the  contrary,  would  have  strengthened  the  conclusions  drawn. 
The  small  directional  arrows  indicated  on  the  curves  show  the 
increase  in  boiling  point  of  the  fractions.  The  fact  that  some  of 
the  points  shown  on  Figure  18  fall  beyond  the  boundaries  of  the 
triangle  has  several  implications:  (1)  the  literature  values  of  the 
constants  for  some  of  the  pure  compounds  are  in  error;  (2)  undue 
weight  was  given  to  certain  compounds  in  defining  the  shape  of 
the  particular  triangle;  or  (3)  certain  naphthas  will  exhibit  un¬ 
usual  characteristics  not  encountered  in  most  cases.  Unusual  char¬ 
acteristics  would  include  the  appearance  of  significant  quantities 
of  bi-  or  dicyclic  naphthenic  compounds  in  the  higher-boiling  por¬ 
tion  of  the  naphtha. 

Having  determined  the  volume  per  cent  of  aromatics,  naph¬ 
thenes,  and  paraffins  in  each  fraction,  these  volume  per  cents  are 
converted  to  volume  per  cents  based  on  the  total  sample  which 
are  summed  progressively  for  each  fraction  at  the  corrected  boil- 
irig  points  recorded  for  each  of  these  fractions.  The  volume 
sum  per  cents  and  the  recorded  boiling  points  are  plotted 
on  suitable  graph  paper  and  curves  are  drawn  through  each 
of  the  points.  From  these  curves  the  volume  sum  per  cents 
of  aromatics,  naphthenes,  and  paraffins  are  read  at  each  de¬ 
gree  from  97°  to  320°  F.  The  difference  between  the  vol¬ 
ume  sum  per  cents  for  any  2  successive  degrees  is  the  volume  per 
cent  of  aromatics,  naphthenes,  or  paraffins  distilled  throughout 
that  specific  degree.  From  these  data,  curves  indicating  the  vol¬ 
ume  per  cent  per  Fahrenheit  degree  of  each  of  the  hydrocarbon 


types  are  plotted  as  shown  on  Figure  20.  These  charts  show  the 
results  of  the  analysis  in  graphical  form.  The  amounts  of  the  in¬ 
dividual  aromatics,  and  the  total  amounts  of  naphthenes  and 
paraffins  have  been  determined  from  the  data  obtained,  and  the 
amounts  of  individual  naphthenes  and  paraffins,  or  any  desired 
group  of  compounds,  may  be  estimated  from  the  curves  shown  on 
Figure  20.  Further  examination  of  the  data  obtained  by  these 
analyses  will  give  the  amounts  of  most  of  the  individual  hydro¬ 
carbons  having  boiling  points  below  243°  F.  Table  V  gives  the 
amounts  of  the  individual  hydrocarbons  boiling  below  243  °  F.  in 
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10  representative  naphthas  as  determined  by  the  procedure  out- 
lined  in  the  following  paragraphs.  A  paper  in  preparation  will 
give  additional  analyses  together  with  some  correlations  that  have 
been  obtained  from  a  study  of  the  data.  In  general,  the  data  will 
substantiate  most  of  the  conclusions  drawn  by  Forziati,  Willing¬ 
ham,  Mair,  and  Rossini  (S).  Unfortunately,  two  of  the  samples 
indicated  in  Table  V,  Saxet  and  Wade  City,  were  prepared  by  the 
refineries  in  such  a  manner  that  the  total  quantity  of  hexanes 
naturally  occurring  in  the  crude  oils  was  not  retained  in  the 
naphthas.  This  was  indicated  by  the  Engler  distillation  initial 
boiling  points  of  the  samples  which  were  170°  and  162°  F.,  re¬ 
spectively.  A  study  of  similar  analyses  reported  by  other  labora¬ 
tories  indicates  that  in  some  cases  a  similar  deficiency  must  have 
existed  in  the  samples  analyzed. 

PROCEDURE  FOR  ESTIMATING  INDIVIDUAL  HYDROCARBONS  IN 
TEMPERATURE  RANGE  97°  TO  243°  F. 

The  estimations  will  not  include  any  material  having  boiling 
points  below  n-pentane,  and  n-pentane  will  be  indicated  only  in 
such  amount  as  occurs  in  a  mixture  with  higher-boiling  material. 
Therefore  the  first  fraction  considered  in  this  procedure  is  that 
fraction  whose  boiling  point  shows  a  decided  rise,  5°  or  more, 
above  the  boiling  point  of  n-pentane  at  about  97  °  F.  An  increase 
in  the  refractive  index  for  the  sodium  D  line  (n2o )  will  accompany 
this  temperature  rise.  This  increase  will  reach  a  peak  at  about 
121°  F.  and  then  decrease  until  the  reading  is  1.3750  or  lower, 
at  approximately  136  °  F.  F rom  97  °  to  136  °  F.  the  material  pres¬ 
ent  in  the  fractions  will  consist  of  cyclopentane  and  n-pentane, 
2,2-dimethylbutane,  and  2,3-dimethylbutane.  The  total  quan¬ 
tity  of  cyclopentane  and  2,2-dimethylbutane  is  determined  by  the 
equal-area  method  of  division  from  a  plot  of  temperature  against 
volume  per  cent  distilled  from  97°  to  136°  F.  The  difference  be¬ 
tween  this  quantity  and  the  amount  of  cyclopentane  determined 
from  Figure  4  is  the  amount  of  2,2-dimethylbutane  in  the  sample. 

From  the  point  where  the  refractive  index  recedes  to  1.3750  at 
about  136°  F.  to  the  point  where  the  index  and  the  density  reach 
a  minimum  due  to  a  maximum  concentration  of  2-methylpentane 
at  about  141°  F.,  all  the  material  in  the  fractions  will  be  2,3-di¬ 
methylbutane  and  2-methylpentane.  The  percentage  of  2,3-di¬ 
methylbutane  is  calculated  from  the  equation 

0.0036  F  =  n2D°  -  1.3714  (6) 
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Figure  20.  Volume  Per  Cent  per  Degree  Fahrenheit,  Paraffins,  Naphthenes,  and  Aromatics 


where  (100)  Y  —  volume  per  cent  of  2,3-dimethylbutane  and  n2£ 
is  the  refractive  index  of  the  fraction.  If  there  are  several  frac¬ 
tions  in  this  minimum  region,  Equation  6  is  used  to  the  middle  of 
the  region. 

From  this  minimum  to  about  145°  F.  the  material  is  2-methyl- 
pentane  and  3-methylpentane,  and  the  amount  of  2-methylpen- 
tane  is  determined  by  use  of  the  equation 

0.0051  IF  =  1.3765  -  re2D°  (7) 


0.0016Z  =  1.3765  -  re2D° 


(8) 


where  (100)Z  is  the  volume  per  cent  of  re-hexane.  In  a  few  cases 
some  benzene  will  be  present  in  fractions  distilling  between  146  ° 
and  150°  F.  and  the  resolution  of  the  fractions  is  then  made  by 
simultaneous  solution  of  the  two  following  equations,  based  on 
refractive  index  and  density: 


A 


=  0.0 1285  + 


re2D  -  1.3765 
0.1246 


(9) 


where  ( 100)  IF  is  the  volume  per  cent  of  2-methylpentane.  Equa¬ 
tion  7  is  used  up  to  and  including  that  fraction  showing  a  “low” 
in  the  volume  per  cent  of  2-methylpentane  indicated  by  the  equa¬ 
tion,  which  occurs  at  about  145  0  F.  An  increase  in  the  amount  of 
2-methylpentane  shown  by  the  use  of  the  equation  indicates  that 
re-hexane  is  responsible  for  this  increase. 

From  the  above  “low”  in  the  amount  of  2-methylpentane  cal¬ 
culated  to  a  temperature  of  150°  F.,  the  fractions  usually  contain 
only  3-methylpentane  and  re-hexane,  the  amount  of  re-hexane 
being  calculated  by  use  of  the  equation 


and 

0.43925  =  (43.8163)  (H)  +  °'6q^4q  (10> 

Equation  10  may  be  expressed  as 

5  =  (99.7639)  (H)  +  °6q4q302~--/  (H> 

In  Equations  9,  10,  and  11  the  volume  per  cent  of  benzene  is 
(100)A,  of  re-hexane  is  (100)5,  and  of  3-methylpentane  is  (100)  X 
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(1  —  A  —  B).  H  is  from  Equation  9  and  is  ^ - q  - j 

All  material  in  the  temperature  range  from  150°  to  167°  F. 
ryill  be  n-hexane,  methylcyclopentane,  and  benzene,  if  benzene  is 
present  in  the  sample.  Methylcylcopentane  is  determined  in  the 
usual  manner  by  use  of  the  triangular  graph  for  this  temperature 
range.  The  base  of  this  triangle  is  shown  in  Figure  5.  Benzene  is 
determined  by  the  use  of  the  specific  dispersion  equations,  and  by 
difference  the  remainder  of  the  material  in  the  fraction  is  n-hex- 
ane. 

All  material  in  the  range  167°  to  185°  F.  is  cyclohexane,  2,2- 
dimethylpentane,  2,4-dimethylpentane,  and  benzene,  if  present. 
No  differentiation  is  made  between  the  2  dimethylpentanes,  cy¬ 
clohexane  is  determined  by  the  use  of  Figure  6,  and  benzene  by 
the  specific  dispersion  equations. 

No  aromatics  occur  in  the  fractions  having  boiling  points  be¬ 
tween  185°  and  203°  F.  The  total  amounts  of  naphthenes  and 
paraffins  in  the  range  are  determined  from  the  use  of  Figure  7. 
All  the  naphthenic  material  in  the  fractions  boiling  between  185° 
and  191.5°  F.  is  1,1-dimethyl  cyclopentane.  All  paraffinic  ma¬ 
terial  within  the  range  185°  to  196.5°  F.  is  a  mixture  of  2,3- 
dimethylpentane  and  2-methylhexane  and  is  reported  as  such. 
From  191.5°  to  196.5°  F.  the  naphthenic  component  is  trans- 
1,3-dimethylcyclopentane.  The  paraffinic  material  distilling 
between  196.5  °  and  203  °  F.  is  3-methylhexane  and  the  naphthenic 
material  in  this  range  is  trans-1, 2-dimethylcyclopentane.  If 
Figure  7  indicates  that  the  first  fraction  in  this  range  from  185° 
to  203°  F.  still  contains  cyclohexane  as  the  predominant  naph¬ 
thene,  the  naphthene  material  should  be  recorded  as  cyclohexane 
instead  of  1,1-dimethylcyclopentane. 

The  triangular  graph  constructed  on  the  base  shown  in  Figure  8 
is  used  for  the  determination  of  the  amount  of  methyicyclohexane 
in  the  sample  and  is  used  from  203°  to  215°  F.  Toluene  is  calcu¬ 
lated  from  specific  dispersions,  and  n-heptane  is  obtained  by  dif¬ 
ference. 

The  graph  for  215°  to  222°  F.  indicates  the  amount  of  ethyl- 
cyclopentane  in  this  temperature  range.  Toluene  is  calculated 
from  specific  dispersions,  and  the  remainder  of  the  material  in  the 
fractions  is  2,2-dimethylhexane.  (The  amount  of  ethylcyclopen- 
tane  indicated  may  include  some  other  naphthenic  material, 
which,  if  present,  is  probably  a  trimethylcyclopentane.) 

The  naphthenic  material  in  boiling  range  from  222  °  to  235  °  F. 
is  determined  from  Figure  11  and  is  recorded  as  a  trimethyl¬ 
cyclopentane  mixture.  Two  or  more  of  these  compounds  may  be 
present  in  these  fractions.  Toluene  again  is  determined  by  spe¬ 
cific  dispersion  measurements.  The  balance  of  the  material  in 
the  fractions  having  boiling  points  between  222°  and  226.3°  F. 
is  2,2-dimethylhexane,  and  between  226.3  and  235°  F.  the 
paraffin  constituents  are  2,5-dimethylhexane  and  2,4-dimethyl- 
hexane. 

The  graph  for  the  temperature  range  235°  to  243°  F.  is  used 
for  the  determination  of  what  probably  is  a  trimethylcyclopen¬ 
tane  in  this  region.  Toluene,  if  present,  is  calculated  from  spe¬ 
cific  dispersions,  and  remaining  material  is  2,3-dimethylhexanek 

A  technical  aide  without  a  knowledge  of  petroleum  hydrocar¬ 
bons  and  their  behavior  when  distilled  from  petroleum  naphthas 
can  follow  the  above  procedure  for  estimating  the  amounts  of  the 
individual  hydrocarbons  in  a  naphtha,  but  for  greater  accuracy  a 
skilled  analyst  should  check  and  complement  the  procedure  out¬ 
lined  by  the  use  of  other  combinations  of  data  obtained  in  these 
distillations.  The  accuracy  of  the  method  increases  with  frac¬ 
tionating  efficiencies  and  with  larger  charges  of  sample  to  the  col¬ 
umns.  Fractionating  efficiency  can  be  increased  effectively  by 
making  the  product  take-off  rates  2  to  5  ml.  per  hour  instead  of 
the  rates  that  had  to  be  used  in  these  studies. 

In  these  laboratories  the  distillations  of  the  naphthas  in  the 
fractionating  columns  require  approximately  50  hours  for  each 
naphtha.  The  total  time  required  for  the  distillation,  the  ana¬ 
lytical  determinations,  the  calculations,  and  the  plotting  is  from 


80  to  100  hours.  The  distillations  and  analytical  determinations 
require  the  services  of  technical  personnel,  whereas  the  calcula¬ 
tions  and  plotting  can  be  done  by  high-school  students  with  a 
minimum  of  supervision. 

ACCURACY  OF  THE  METHOD 

The  accuracy  of  the  determination  of  the  aromatics  by  the  use 
of  specific  dispersions  is  discussed  by  Thorne,  Murphy,  and  Ball 
(8) ,  and  has  been  checked  by  analysis  of  synthetic  mixtures  con¬ 
taining  known  amounts  of  the  individual  aromatic  compounds. 
When  the  aromatic  content  of  a  normal  virgin  naphtha  is  de¬ 
termined  by  this  method,  the  reported  result  for  any  single  aro¬ 
matic  compound  will  have  a  probable  error  of  about  ±0.2%. 
This  probable  error  was  checked  by  the  analyses  of  the  synthetic 
mixtures. 

The  accuracy  of  the  determination  of  the  naphthene  and  paraf¬ 
fin  content  of  a  naphtha  has  not  been  checked  experimentally  but 
from  factors  that  can  be  estimated,  it  is  believed  that  the  deter¬ 
mination  of  these  two  types  will  be  within  10%  of  the  reported  re¬ 
sult  for  that  portion  of  the  naphtha  boiling  below  243°  F.,  and 
within  25%  for  that  portion  between  243  °  and  320  °  F.  The  great¬ 
est  source  of  error  below  243  °  F.  is  the  nonadditivity  of  mixtures 
of  aromatics  with  naphthenes  and  with  paraffins,  while  the  great¬ 
est  source  of  error  above  243  °  F.  seems  to  be  in  the  lack  of  knowl¬ 
edge  as  to  the  constitution  of  this  portion  of  the  naphtha. 

For  the  estimations  of  individual  naphthene  and  paraffin  hydro¬ 
carbons  it  is  felt  that  the  estimations  are  correct  to  ±0.3%  by  vol¬ 
ume  of  the  total  amount  of  sample  charged  to  the  columns  when 
the  volume  per  cent  of  the  individual  hydrocarbon  is  below  3% 
of  the  charge.  When  the  amount  is  more  than  3%,  the  accuracy 
of  the  estimate  should  be  within  ±  10%  of  the  amount  reported. 
While  overlapping  of  compounds  into  adjacent  fractions  occurs 
at  the  temperature  divisions  used  in  the  scheme  of  analysis  due  to 
the  holdup  of  the  columns  and  a  lack  of  sufficient  fractionating 
efficiency,  such  overlapping  is  compensatory  and  should  not  be 
enough  to  cause  errors  exceeding  the  above  limits. 

The  possible  effects  of  the  presence  of  sulfur  compounds  on  the 
determinations  are  discussed  in  a  Bureau  of  Mines  report  by  Ball 
and  Thorne  (7).  The  conclusion  reached  is  that  0.2%  by  weight 
of  sulfur  in  a  naphtha  will  not  affect  the  final  results  of  analyses 
for  the  three  hydrocarbon  types.  Another  of  this  series  of  papers 
by  the  Bureau  of  Mines  (7)  discusses  a  rapid  method  of  analyzing 
naphthas  for  benzene,  toluene,  and  seven-carbon-atom  naph¬ 
thenes  by  the  use  of  specific  dispersions  and  refractivity  intercept- 
density  diagrams. 
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Total  solids  in  solutions  of  heat-stable  resins  in  volatile  solvents 
can  be  determined  rapidly  and  with  an  average  accuracy  of  0.3% 
by  first  dissolving  samples  in  a  suitable  nonvolatile,  high-boiling 
solvent  and  then  heating  them  in  vacuo  at  100°  C.  for  20  to  30 
minutes  while  they  are  being  agitated.  If  the  proper  high-boiling 
solvent  were  selected,  this  general  method  could  be  extended  to 
the  determination  of  any  nonvolatile  stable  material  in  admixture 
with  any  volatile  substance. 

ANEW  method  for  the  routine  determination  of  total  solids 
in  resin  solutions  has  been  developed,  which  is  applicable 
to  solutions  of  all  resins,  provided  the  resins  do  not  change  in 
molecular  weight  through  the  evolution  of  gases  or  moisture  on 
heating.  This  “solution-evacuation”  method  consists  essen¬ 
tially  of  dissolving  a  sample  of  resin  solution  in  a  high-boiling 
solvent,  heating  the  resulting  solution  under  vacuum  to  remove 
only  the  solvent  in  which  the  resin  was  dissolved  originally,  but 
not  the  high-boiling  solvent,  and  observing  the  loss  in  weight  of 
the  system.  The  solution-evacuation  method  is  much  more  rapid 
and  accurate  than  any  of  the  usual  methods  which  depend  upon 
heating  at  atmospheric  pressure,  either  alone  ( 1 ,  2)  or  after  the 
addition  of  a  suitable  high-boiling  liquid  ( 4 ,  5,  6),  or  upon  heat¬ 
ing  in  vacuo  ( 3  . 

As  a  possible  means  of  determining  total  solids,  the  measure¬ 
ment  of  several  physical  constants  of  resin  solutions  was  consid¬ 
ered.  Among  these,  specific  gravity  and  refractive  index  seemed 
most  likely  to  give  a  useful  method,  but  proved  to  be  impractical. 
The  high  viscosity  of  the  solutions  made  the  determination  of 
specific  gravity  with  a  Westphal  balance  practically  impossible 
and  the  filling  of  a  pycnometer  a  long  and  difficult  task.  The 
correlation  between  refractive  index  and  total  solids  was  only 
approximate  and  offered  no  promise  of  giving  the  necessary  ac¬ 
curacy. 

The  resins  from  which  solutions  were  prepared  were  definitely 
acidic;  consequently,  the  acid  numbers  of  their  solutions  pos¬ 
sibly  could  give  a  measure  of  the  total  solids.  However,  the  acid 
number  could  not  be  measured  with  the  desired  accuracy  without 
very  careful  work.  The  acid  number  of  the  resins  was  about  60, 
that  of  the  solutions  was  about  45.  Thus,  an  error  of  one  unit  in 
the  measurement  of  the  acid  number  corresponds  to  a  variation 
in  the  total  solids  of  nearly  2%.  Furthermore,  usual  small  varia¬ 
tions  in  the  acid  number  of  the  solid  resin  also  would  cause  an 
error  in  this  method. 

Direct  methods  also  were  considered.  Evaporation  of  the  sol¬ 
vent  in  a  vacuum  oven  offered  only  a  slight  advantage  over  an 
air  oven,  because  of  poor  conduction  of  heat  to  the  sample. 

The  solution-evacuation  method,  like  the  direct  methods,  in¬ 
volves  separating  the  solvent  from  the  solid  resin.  However,  in 
order  to  accomplish  this  rapidly  and  completely,  without  en¬ 
trainment  as  occurs  in  the  oven  method,  the  sample  of  resin  solu¬ 
tion  must  be  dissolved  in  dibutyl  phthalate.  This  technique  keeps 
the  system,  from  which  the  solvent  is  being  removed,  liquid 
throughout  the  determination.  The  solution  in  dibutyl  phthal¬ 
ate,  contained  in  a  small  Erlenmeyer  flask,  is  heated,  and  evacu¬ 
ated,  and  its  loss  in  weight  determined.  This  loss  in  weight  is  the 
weight  of  the  volatile  solvent.  Thus,  the  per  cent  total  solids  of 
the  sample  is  calculated  readily.  Such  determinations  require 
35  minutes  to  1  hour.  The  average  accuracy  and  precision  of  the 
results,  expressed  as  per  cent  total  solids,  are  0.2%. 

In  order  to  remove  the  volatile  solvent  completely  from  the 
solution  and  at  the  same  time  avoid  mechanical  loss  of  any  part 
of  the  sample,  it  was  found  necessary  to  provide  some  surface  at 


which  the  bubbles  of  solvent  vapor  could  readily  form.  This  was 
accomplished  by  placing  about  6  polished  steel  balls  in  the  flask 
and  slowly  rocking  it. 

Although  the  solution-evacuation  method  has  been  applied 
only  to  solutions  of  resins  in  nonaqueous  solvents,  it  is  probable 
that  its  use  could  be  extended  to  water  solutions  if  one  of  the 
commercially  available  polyethylene  glycols  were  used  to  replace 
the  dibutyl  phthalate.  In  fact,  by  adding  a  suitable  high-boiling 
solvent  to  the  sample,  this  method  could  be  applied  in  the  deter¬ 
mination  of  nonvolatile  stable  material  in  admixture  with  any 
volatile  substance. 

APPARATUS 

An  apparatus  was  designed  to  rock  two  flasks  in  an  oil  bath  in 
such  a  manner  that  the  axis  of  rotation  passes  through  the  base  of 
the  flasks.  This  arrangement  prevents  any  unnecessary  motion 
of  the  flasks  and  attendant  splashing  of  the  hot  oil.  The  power 
for  this  rocking  is  supplied  by  a  small  electric  motor  with  a  reduc¬ 
tion  gear  assembly.  (The  motor  used  in  this  investigation  was  a 
Ratiomotor,  Type  MB58328,  manufactured  by  the  Boston  Gear 
Works,  Philadelphia,  Pa.)  The  rocking  arm  is  attached  to  an 
eccentric  on  the  motor  by  means  of  a  connecting  rod.  The  built- 
in  reduction  gear  on  this  motor  gives  the  driving  shaft  a  speed 
of  50  r.p.m.  The  frame  for  holding  the  flasks  was  designed  to 
allow  the  flasks  to  be  raised  from  and  lowered  into  the  oil  bath. 
Figure  1  shows  the  construction  of  the  rocking  device. 


The  oil  bath  is  constructed  of  sheet  steel  and  is  lagged  with  a 
1.25-cm.  (0.5-inch)  layer  of  85%  magnesia.  The  bath  liquid  is 
heated  with  a  200-watt  tubular  immersion  heater  bent  and  placed 
to  deliver  the  heat  near  the  bottom  of  the  bath.  The  heat  input 
is  controlled  by  a  small  (5-ampere)  Variac. 

Fifty-milliliter  Erlenmeyer  flasks  fitted  with  25/15  spherical 
joints  are  attached  by  means  of  clamps  to  a  two-outlet  manifold 
also  fitted  with  spherical  joints  each  of  the  same  size.  This  mani¬ 
fold  is  attached  to  the  rocking  device  and  is  connected  by  means  of 
heavy-walled  rubber  tubing  to  a  manometer  and  two  solvent 
traps  of  conventional  design.  The  two  solvent  traps  are  con¬ 
nected  in  series  and  are  cooled  in  a  mixture  of  dry  ice  and  Cello- 
solve.  The  system  is  evacuated  by  means  of  a  Hy-vac  oil  pump. 
The  vacuum  system  also  contains  a  needle  valve  which  opens  to 
the  atmosphere  and  is  connected  to  the  system  between  the  manom¬ 
eter  and  flasks.  This  valve  permits  the  control  of  the  pressure 
in  the  flasks  by  bleeding  air  into  the  system.  Figure  2  shows  the 
relationships  of  the  various  parts  of  the  apparatus. 

REAGENT 

Any  good  grade  of  dibutyl  phthalate  may  be  used  in  this  de¬ 
termination.  All  the  grades  tested  contained  small  amounts  of 
volatile  matter.  It  is  highly  advantageous  to  reduce  the  amount 
of  volatile  matter  from  its  normal  value  of  23  to  25  mg.  per  10 
ml.  to  about  5  mg.  per  10  ml.  by  sparging  it  with  dry  air  for  48 
hours. 
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PROCEDURE 

Place  about  6  steel  balls,  0.77  cm.  (6/ie  inch)  in  diameter,  in  a 
50-ml.  Erlenmeyer  flask,  add  10  ml.  of  dibutyl  phthalate,  and 
weigh  (PFi).  Add  2  to  3  ml.  of  the  resin  solution,  using  a  5-ml. 
pipet  with  the  tip  cut  off,  and  taking  care  to  get  all  the  resin 
solution  into  the  dibutyl  phthalate  with  none  of  the  resin  on  the 
side  of  the  flask  or  the  joint.  This  operation  is  made  easier  if  the 
solution  adhering  to  the  outside  of  the  pipet  is  removed  with  a 
paper  towel  or  other  suitable  material  before  the  sample  is  de¬ 
livered  to  the  flask.  Weigh  the  flask  after  adding  the  resin  solu¬ 
tion  (W2).  Then,  W2  —  W i  represents  the  weight  of  the  sample. 
All  weighings  are  made  to  the  nearest  milligram.  A  second  flask 
is  charged  in  the  same  way. 

Set  the  flasks  firmly  in  place  on  the  apparatus  and  clamp 
them  in  position.  Lower  them  into  the  bath,  which  is  main¬ 
tained  at  100°  ±  2°  C.  by  means  of  the  Variac.  With  the  needle 
valve  open,  start  the  vacuum  pump  and  set  the  rocking  device  in 
motion.  By  closing  the  needle  valve,  slowly  reduce  the  pressure 
in  the  flasks  at  such  a  rate  that  moderate  boiling  of  the  solution 
is  maintained.  The  full  vacuum  of  the  pump  should  be  attained 
in  5  minutes.  Continue  the  determination  for  the  time  required 
by  the  sample  being  examined. 

Admit  air  to  the  apparatus  by  opening  the  needle  valve;  then 
stop  the  pump  and  rocking  device.  Remove  the  flasks  and  allow 
them  to  cool.  Remove  the  adhering  oil  by  rinsing  the  flasks  with 
methyl  acetate  or  other  suitable  solvent  and  wiping  them  care¬ 
fully  with  tissue  paper.  Weigh  the  cooled  flasks  ( W 3) .  Then, 
Wz  —  Wi  is  the  weight  of  the  solids.  Run  a  blank  to  determine 
the  loss  in  weight  of  the  dibutyl  phthalate. 

(W,  —  Wl  +  B)  X  100  m  .  ,  ,  ... 

- - Tff - -  =  %  total  solids 

Wt  —  Wi 

where  B  represents  the  blank  value  for  a  particular  lot  of  di¬ 
butyl  phthalate. 

APPLICATION  OF  THE  METHOD 

In  order  to  establish  the  proper  conditions  for  the  determina¬ 
tion  of  total  solids  of  a  variety  of  resin  solutions,  as  well  as  to  as¬ 
certain  the  practical  accuracy  of  the  method,  a  series  of  solutions 
of  known  total  solids  content  was  prepared  and  analyzed. 

A  weighed  amount  of  Flexalyn  (diethylene  glycol  ester  of 
rosin,  registered  in  U.  S.  Patent  Office  by  Hercules  Powder  Com¬ 
pany)  was  dissolved  in  sufficient  50  D  solvent  (principally  xy¬ 
lenes)  to  give  approximately  an  80%  solution.  The  resin  was 
dissolved  by  heating  under  a  reflux  condenser.  After  being 
cooled,  the  solution  was  weighed  and  its  actual  solids  content 
was  calculated.  The  total  solids  in  this  solution  was  determined 
experimentally  by  the  foregoing  procedure.  The  sample  sizes 
usually  were  between  1.5  and  2.0  grams  and  the  final  pressure 
was  5  mm.  or  less.  The  effects  of  time  of  heating,  temperature  of 
the  oil  bath,  and  variations  in  sample  size  were  studied. 

The  results  of  these  experiments  (Table  I)  indicate  that  correct 
results  are  obtained  when  the  solutions  are  heated  for  45  minutes 
at  100°  C.  or  for  30  minutes  at  110°  C. 

Solutions  of  Petrex  5  (a  glycol  ester  of  a  terpene-maleic  anhy¬ 
dride  adduct,  registered  in  U.  S.  Patent  Office  by  Hercules  Pow¬ 
der  Company),  a  hard  resin,  in  ethyl  acetate,  ethyl  alcohol, 
methyl  ethyl  ketone,  and  toluene  were  prepared  in  the  manner 
described  for  Flexalyn  solutions.  Since  the  Petrex  5  itself  con¬ 
tained  volatile  substances,  the  solid  resin  was  first  analyzed  by 
the  solution-evacuation  procedure  and  found  to  lose  0.8%  of  its 
weight.  This  value  was  used  as  a  correction  factor  in  calculating 
compositions  of  solutions  of  Petrex  5  in  the  various  solvents. 


Table  I.  Total  Solids  of  Flexalyn  Solutions  in  50  D  Solvent  (Chiefly 

Xylenes) 


Time  of  Heating 

Temperature 

Total  Solids  in  Flexalyn  Solution 

under  Vacuum 
Min. 

of  Bath 
°  C. 

Calcd 

% 

Found 

% 

Average  found 

% 

20 

100  ±  1 

79.9 

80.8,81.1 

81.0 

30 

100  ±  1 

79.9 

80.9,80.7 
86.8°, 80.7 

80.8 

45& 

100  ±  1 

79.9 

80.1.79.6 

79.7.79.7 
80. 1,80.2 

79.9 

20 

110  ±  2 

79.9 

80.9,81.0 

80.3,80.3 

• 

80.6 

30c 

110  ±  2 

79.9 

79.8,79.7 

79.7,80.0 

80.3,80.3 

80.0 

“  Arbitrarily  rejected  in  computing  average. 
b  Sample  sizes  ranged  from  1.3  to  2.9  grams. 

e  Sample  sizes  ranged  from  1.3  to  3.7  grams.  High  values,  80.3  and  80.3, 

were  obtained  on  samples  of  3.65  and  3.67  grams. 


Table  II. 

Total  Solids  of  Petrex  5  in  Various  Solvents 

Sample 

Time  of  Heating  Temperature 

Total  Solids 

in  Solution 

Weight 

under  Vacuum  of  Bath 

Calcd. 

Found 

Grams 

Min. 

°  C. 

% 

% 

In  Ethyl  Acetate 

2.195 

30 

100 

73.6 

73.8 

2.160 

30 

100 

73  6 

73.8 

2.236 

20 

100 

73.6 

73.7 

2.309 

20 

100 

73.6 

73.5 

2.312 

20 

110 

73.6 

73.7 

2.194 

20 

110 

73.6 

73.6 

In  Ethyl  Alcohol 

1.770 

30 

100 

74.4 

74.9 

2.008 

30 

100 

74.4 

74.8 

1.867 

30 

100 

74.4 

75.0 

2.480 

30 

100 

74.4 

74.9 

2.112 

20 

100 

74.4 

74.9 

2.183 

20 

100 

74.4 

74.9 

2.278 

15 

110 

74.4 

74.5 

2.485 

15 

110 

74.4 

74.8 

In  Methyl  Ethyl  Ketone 

1.993 

30 

100 

74.6 

74.5 

2.059 

30 

100 

74.6 

74.6 

2.030 

20 

100 

74.6 

74.8 

2.359 

20 

100 

74.6 

74.7 

2.156 

20 

110 

74.6 

74.5 

2.323 

20 

;i° 

74.6 

74.6 

In  Toluene 

2.108 

30 

100 

74.1 

74.0 

2.500 

30 

100 

74.1 

73.6 

1.894 

30 

100 

74.1 

73.7 

2.746 

30 

100 

74.1 

73.4 

2.042 

20 

100 

74.1 

73.7 

2.841 

20 

100 

74.1 

73.8 

3.181 

15 

110 

74.1 

73.7 

3.116 

15 

110 

74.1 

73.8 

The  results  presented  in  Table  II  show  that  the  solvent  can  be 
completely  removed  from  these  solutions  at  either  100°  or  110°  C. 
by  heating  for  20  minutes  or  longer.  The  values  for  Petrex  5  in 
ethyl  alcohol  are  slightly  high.  It  may  be  that  in  preparing  the 
solution  by  heating  the  resin,  which  is  appreciably  acidic,  a 
small  amount  of  the  alcohol  may  have  been  esterified. 

Solutions  of  Petrex  7HT  (a 
glycol  ester  of  a  terpene-maleic 
anhydride  adduct,  registered 
in  U.  S.  Patent  Office  by 
Hercules  Powder  Company), 
a  soft  resin,  in  ethyl  acetate, 
ethyl  alcohol,  methyl  ethyl 
ketone,  and  “mixed  solvent” 
(chiefly  toluene)  were  prepared 
as  described  for  Flexalyn. 
The  solid  resin,  when  analyzed 
by  the  solution-evacuation 
procedure,  lost  1.60%  of  its 
weight.  This  value  was  used 
as  a  correction  factor  in  calcu¬ 
lating  the  compositions  of  the 


TO  /V/MC 
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Table  III.  Total  Solids  of  Petrex  7HT  in  Various  Solvents 


Sample 

Time  of  Heating  Temperature 

Total  Solids  in  Solutions 

Weight 

under  Vacuum  of  Bath 

Calcd. 

h  ound 

Grams 

Min. 

°  C. 

% 

% 

In  Ethyl  Acetate 

2.226 

30 

100 

73.3 

73.5 

2.134 

30 

100 

73.3 

73.5 

2.233 

20 

100 

73.3 

73  8 

2.328 

20 

100 

73.3 

73.8 

2.245 

15 

110 

73.3 

73.4 

2.272 

15 

110 

73.3 

73.3 

In  Ethyl  Alcohol 

2.023 

•  45 

100 

74.3 

74.8 

2.263 

45 

100 

74.3 

74.7 

2.074 

30 

100 

74.3 

74.9 

1.980 

30 

100 

74.3 

75.0 

2.221 

30 

110 

74.3 

75.0 

2.252 

30 

110 

74.3 

74.8 

2.229 

15 

no 

74.3 

75.3 

2.026 

15 

no 

74.3 

75.3 

In  Methyl  Ethyl  Ketone 

2.350 

30 

100 

74.4 

74.5 

2.159 

30 

100 

74.4 

74.5 

2.532 

20 

100 

74.4 

74.6 

2.162 

20 

100 

74.4 

74.7 

1.998 

15 

no 

74.4 

74.3 

2.459 

15 

no 

74.4 

74.3 

In  Mixed  Solvent  (Chiefly  Toluene) 

1.756 

30 

100 

73.5 

73.3 

1.932 

30 

100 

73.5 

73.3 

2.963 

30 

100 

'  73.5 

73.4 

2.540 

30 

100 

73.5 

73.3 

2.320 

20 

100 

73.5 

73.3 

2.396 

20 

100 

73.5 

72.9 

2.651 

20 

100 

73.5 

73.4 

2.711 

20 

100 

73.5 

73.4 

2.399 

15 

100 

73.5 

73.7 

2.601 

15 

100 

73.5 

73.3 

solutions  of  Petrex  7HT  in  the  various  solvents.  These  solutions 
were  analyzed  by  the  solution-evacuation  method. 


The  data  obtained  on  these  solutions  (Table  III)  are  similar  to 
those  obtained  with  the  other  solutions.  Again  the  slightly  high 
values  obtained  when  using  alcohol  as  solvent  may  be  explained 
on  the  basis  of  esterification. 

The  data  recorded  in  Tables  II  and  III  are  all  consecutive  re¬ 
sults;  none  has  been  .discarded.  They  indicate  that  analyses  by 
this  procedure,  expressed  as  per  cent  total  solids,  have  an  average 
accuracy  and  precision  of  0.2%. 

SUMMARY 

This  paper  describes  a  new  technique  for  the  determination 
of  the  total  solids  in  solutions  of  synthetic  resins  in  nonaqueous 
solvents,  which  has  been  used  as  a  routine  control  method  for 
nearly  two  years.  Results  of  higher  accuracy  are  obtained  more 
rapidly  than  by  any  method  previously  used.  It  is  possible  that 
this  method  can  be  extended  to  aqueous  solutions  by  using  one 
of  the  polyethylene  glycols  in  place  of  dibutyl  phthalate. 
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Quantitative  Determination  of  Phenolic  Fungicides 
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The  color  reaction  of  4-aminoantipyrine  with  the  textile  mildew 
preventive  2,2'-methylenebis[4-chlorophenol]  in  the  presence  of 
potassium  ferricyanide  and  dilute  sodium  carbonate  has  been  found 
adaptable  to  quantitative  analysis  for  this  phenolic  material  and  has 
been  used  for  its  determination  in  fabric.  Absorption  curves  and 
standard  calibration  curves  are  given  for  several  other  commercially 
important  phenols,  with  the  suggestion  that  this  color  reaction  may 
find  application  in  the  quantitative  determination  of  many  phenolic 
fungicides,  germicides,  and  other  materials. 


The  reaction  used  is  based  on  the  observation  made  by  Emer¬ 
son  that  4-aminoantipyrine  condenses  with  aromatic  amines 
( 1 )  in  the  presence  of  acid  oxidizing  agents  and  with  phenols  {2, 3) 
in  the  presence  of  alkaline  oxidizing  agents  to  yield  a  series  of  an- 
tipyrine  dyes.  On  the  basis  of  this  reaction  Emerson  proposed  a 
color  test  for  phenols  ( 2 ).  The  structure  suggested  for  the  dyes 
produced  in  the  reaction  is  shown  in  the  following  example  for 
phenol: 

c6h5 


RECENTLY  certain  fungicidal  materials  have  come  into  ex¬ 
tensive  use  as  mildew  preventives  for  fabrics  destined  to  be 
used  in  tropical  areas  (4).  One  of  the  compounds  which  has  been 
most  widely  used  for  this  purpose  is  2,2'-methylenebis[4-chloro- 
phenol],  known  to  the  textile  trade  as  Compound  G-4.  The 
method  most  commonly  used  in  the  past  fdr  the  determination  of 
this  compound  on  fabric  is  a  modification  of  the  halogen  micro¬ 
procedure  of  Willard  and  Thompson  (5).  This  method,  how¬ 
ever,  has  been  found  in  practice  to  be  time-consuming  and  the 
results  to  be  uncertain  in  some  cases  because  of  the  presence  of 
inorganic  or  organically  bound  chlorine  in  other  forms  on  the 
fabric.  Both  these  difficulties  are  avoided  by  the  method  here 
described.  Preliminary  data  on  several  additional  phenolic  com¬ 
pounds  suggest  that  the  new  procedure  may  be  useful  in  the 
determination  of  phenolic  fungicides,  germicides,  and  other 
materials. 


N 


ch3— n"  C=o 


ch3— c=c— nh2 


K3Fe(CN)6 

Alkali 


c6h5 


N 

/  \ 

CH3 — N  C=0 


CII3 — C=C — N 


=0 


Emerson  concluded  that  substitution  took  place  in  the  position 
para  to  the  phenolic  OH  group  and  that  the  structural  require¬ 
ments  for  the  reaction  were  as  follows: 
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Figure  1.  Standard  Calibration  Curves  for  Dyes  Produced  by 
Reaction  of  4-Aminoantipyrine  with  o-Phenylphenol,  2,2'- 
Methylenebis[4-chlorophenol],  and  Salicy lanilide 

Filters  used  for  data  in  Figures  1 , 2,  and  3  are  those  suggested  in  text  where  reactions 
of  various  compounds  with  4-aminoantipyrine  are  described 


1.  At  least  one  free  phenolic  group  must  be  present. 

2.  The  position  para  to  the  phenolic  OH  must  either  be  un- 
■substituted,  or  substituted  by  halogen,  carboxyl,  sulfonic  acid, 
Uydroxyl,  or  methoxyl,  which  groups  are  expelled  in  the  reaction. 
Substitution  in  the  para  position  by  alkyl,  aryl,  nitro,  benzoyl, 
nitroso,  or  aldehyde  groups  blocks  the  reaction. 

Under  certain  conditions  the  reaction  of  4-aminoantipyrine 
with  phenols  is  readily  amenable  to  quantitative  treatment  in 
the  determination  of  phenolic  fungicides.  A  method  for  the  de¬ 
termination  of  2,2'-methylenebis[4-chlorophenol]  on  fabric  is 
presented  below  and  absorption  and  standard  calibration  curves 
are  given  for  o-phenylphenol,  salicylanilide,  2,2'-methylenebis- 
[3,4,6-trichlorophenol],  4,4'-isopropylidenediphenol,  4,4'-isopro- 
pylidenebis[2-chlorophenol],  2,4-dichlorophenol,  pentachloro- 
phenol,  and  tetrabromo-o-cresol. 

DETERMINATION  OF  2,2'-METHyLENEBIS[4-CHLOROPHENOL] 

This  compound  reacts  with  4-aminoantipyrine  in  an  alkaline 
oxidizing  medium  to  form  a  red  dye.  Under  the  conditions  de¬ 
scribed  below  the  dye  develops  almost  immediately  and  is  rela¬ 
tively  stable  for  several  hours.  The  standard  calibration  curve, 
made  with  an  Aminco  Type  F  photometer,  balanced  against  dis¬ 
tilled  water,  and  the  absorption  curve,  taken  with  a  Coleman 
Model  10S  spectrophotometer,  are  shown  in  Figures  1  and  4, 
respectively.  The  procedure  for  determination  of  this  compound 
in  fabric  is  presented  below. 

Solutions.  4- Aminoantipyrine,  2%.  Two  grams  of  4-amino¬ 
antipyrine  (m.p.  108-109°)  dissolved  in  100  ec.  of  distilled  water. 
This  compound  is  made  from  antipyrine  by  the  method  described 
by  Emerson  ( 1 ).  It  has  been  kept  in  solution  in  stoppered  dark 
bottles  in  the  laboratory  for  several  months  without  noticeable 
deterioration. 

Potassium  ferricyanide,  8%.  Eight  grams  of  c.p.  potassium 
ferricyanide  dissolved  in  100  cc.  of  distilled  water. 

Sodium  carbonate,  0.025%.  c.p.  anhydrous  sodium  carbon¬ 
ate  (4.5  grams)  dissolved  in  18  liters  of  distilled  water.  The 
pH  of  this  solution  should  be  between  10.4  and  10.6. 

Standard  Curve.  Dissolve  200  mg.  of  2,2'-methylenebis- 
[4-chlorophenol  ]  in  100  cc.  of  acetone  in  a  volumetric  flask,  place 
1  cc.  of  this  solution  in  a  second  100-cc.  volumetric  flask,  and 
dilute  to  the  mark  with  sodium  carbonate  solution.  This  solu¬ 
tion,  containing  20  micrograms  of  G-4  per  cc.  is  used  to  obtain 


suitable  aliquots  covering  the  range  of  20  to  100  micrograms. 
Place  each  aliquot  in  a  25-cc.  volumetric  flask  and  add  0.5  cc. 
of  aminoantipyrine  reagent.  Dilute  to  the  mark  with  the  so¬ 
dium  carbonate  solution,  add  0.25  cc.  of  8%  potassium  ferri¬ 
cyanide,  and  shake  vigorously.  After  5  minutes,  pour  the  solu¬ 
tion  into  a  colorimeter  tube  and  measure  the  color,  using  a  suit¬ 
able  filter  (green,  about  500  millimicrons).  The  same  grade  of 
product  should  be  used  in  making  up  the  standard  curve  as  was 
applied  to  the  cloth  sample  in  question. 

Fabric  Analysis.  For  samples  of  cloth  containing  up  to  2% 
of  compound  G-4,  weigh  a  1-gram  sample  of  the  very  finely  cut 
material  to  the  nearest  milligram,  and  place  the  sample  in  a  200- 
cc.  beaker.  Add  50  cc.  of  0.25%  sodium  carbonate  solution  and 
heat  to  gentle  boiling.  Boil  gently  for  5  minutes.  Pour  the  hot 
solution  off  the  fabric  into  a  200-cc.  volumetric  flask  (Pyrex). 
Repeat  the  extraction  twice  with  50  cc.  of  the  sodium  carbonate 
solution,  each  time  boiling  for  5  minutes  and  combining  the  ex¬ 
tracts  with  the  first  one  in  the  volumetric  flask.  Dilute  the  solu¬ 
tion  to  near  the  mark  with  the  sodium  carbonate  solution,  using 
the  diluent  to  wash  the  textile  material  twice.  Cool  the  flask  to 
room  temperature  and  dilute  exactly  to  the  mark.  Filter  about 
20  cc.  through  a  dry  filter  and  use  the  proper  aliquot  of  this  solu¬ 
tion  (usually  1  to  2  cc.)  to  get  a  reading  on  the  standard  curve. 
Place  the  aliquot  in  a  25-cc.  volumetric  flask  and  add  0.5  cc.  of 
2%  4-aminoantipyrine  solution.  Dilute  to  the  mark  with  0.025% 
sodium  carbonate  solution,  add  0.25  cc.  of  8%  potassium  ferri¬ 
cyanide  solution,  shake  vigorously,  and  after  5  minutes  pour  into 
a  colorimeter  tube  and  measure  the  color.  After  mixing  the  re- 


Table  I.  Comparative  Determination  of  2,2'-Methylenebis[4- 
chlorophenol]  (Compound  G-4)  on  Fabric 

(By  the  Willard  and  Thompson  halogen  microproeedure  and  the  4-amino- 
antipyrine  method.  The  replicates  in  the  aminoantipyrine  method  are 
different  individual  samples  cut  from  a  single  piece  of  cloth.) 


Per  Cent  on 

Fabric 

Sample 

Aminoantipyrine 

Willard-Thompson 

No. 

method 

method 

1 

0.89 

0.91 

0.88 

0.87 

0.99 

2 

1.76 

1.75 

1.73 

1.76 

1.74 

3 

1.10 

1.05 

1.07 

1.07 

1.06 

4 

1.68 

1.69 

1.67 

1.64 

1.68 

GAMMAS  OF  PHENOLIC  COMPOUND 

Figure  2.  Standard  Calibration  Curves  for  Dyes  Produced  by  Re¬ 
action  of  4-Aminoantipyrine  with  2,2'-Methylenebis[3,4,6-tri- 
chlorophenolj ,  4,4-lsopropylidenediphenol,  4,4'-lsopropylidene- 
bis[2-chlorophenol],  and  2,4-dichlorophenol 
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GAMMAS  OF  PHENOLIC  COMPOUND 

Figure  3.  Standard  Calibration  Curves  for  Dyes  Produced  by 
Reaction  of  4-Aminoantipyrine  with  Pentachlorophenol  and 
Tetrabromo-o-cresol 


agents,  the  tubes  should  not  be  exposed  to  direct  sunlight  or 
strong  artificial  light,  as  this  sometimes  causes  fading  of  the  colors. 

A  comparison  of  results  obtained  on  analyzing  four  samples  of 
fabric  by  the  Willard  and  Thompson  method  (chlorine  determina¬ 
tion)  and  the  4-aminoantipyrine  method  is  given  in  Table  I. 
It  was  found  that  the  colorimetric  determinations  could  be  made 
on  16  samples  of  fabric  in  less  than  2  hours,  including  weighing  of 
samples,  extraction,  development,  and  measurement  of  color. 

DATA  ON  OTHER  PHENOLS 

Absorption  curves  and  standard  calibration  curves  were  made 
for  a  group  of  other  phenols  according  to  the  methods  described 
above  for  Compound  G-4.  The  several  standard  calibration 
curves  are  shown  in  Figures  1,  2,  and  3,  and  the  absorption  curves 
in  Figures  4  and  5. 

Salicylanilide,  a  fabric  preservative  known  commercially  as 
Shirlan,  produces  a  red  dye  which  fades  very  gradually ;  calibra¬ 
tion  and  absorption  curves  are  shown  in  Figures  1  and  4. 
o-Phenylphenol,  an  industrial  preservative  for  casein  paints, 
cosmetics,  leather  finishes,  and  sizing  materials  which  is  known 
commercially  as  Dowicide  1,  produces  a  stable  red  dye  with  a  cali¬ 
bration  curve  as  shown  in  Figure  1.  2,2'-Methylenebis[3,4,6- 
trichlorophenol],  a  germicide  for  use  in  soaps,  forms  a  stable  red 
color  with  calibration  and  absorption  curves  as  shown  in  Figures 
2  and  5.  The  large  amount  of  inorganic  chloride  present  is  said 
to  make  the  determination  of  this  germicide  in  soap  very  difficult 
by  the  Willard  and  Thompson  procedure.  4,4'-Isopropylidene- 
diphenol,  a  material  currently  in  the  early  stages  of  commercial 
development,  forms  a  stable  antipyrine  dye,  whose  standard 
calibration  and  absorption  curves  are  shown  in  Figures  2  and  5, 
respectively.  4,4'-Isopropylidenebis[2-chlorophenol],  a  chlo¬ 
rinated  analog  of  the  material  previously  mentioned,  is  claimed 
to  be  a  potent  fungicide  and  has  been  suggested  as  a  fabric  pre¬ 
servative-  Standard  calibration  and  absorption  curves  are  shown 
in  Figures  2  and  4. 

2,4-Dichlorophenol,  an  intermediate  in  the  manufacture  of  the 
weed-killer,  2,4-dichlorophenoxyacetic  acid,  forms  a  stable  red 
color  with  standard  calibration  and  absorption  curves  as  shown  in 
Figures  2  and  4. 

Tetrabromo-o-cresol,  used  on  a  limited  scale  as  a  fabric  pre¬ 
servative,  reacts  with  4-aminoantipyrine  to  produce  a  green  color 
with  an  absorption  maximum  at  540  m^,  which  slowly  changes 
to  a  red  color.  After  1  hour  the  red  color  is  fully  developed  and 
is  stable  for  at  least  12  hours  thereafter.  The  standard  calibra¬ 
tion  curve  and  absorption  curve  for  the  red  color  are  given  in 
Figures  3  and  5,  respectively.  Measurements  were  taken  for  both 
curves  exactly  60  minutes  after  combination  of  the  reagents. 

Pentachlorophenol,  a  wood  and  fabric  preservative  known 
under  the  trade  name  of  Dowicide  7,  reacts  with  4-aminoantipy- 
rine  to  give  a  green  color  which  gradually  fades  to  colorless  over  a 
period  of  2  hours.  A  satisfactory  calibration  curve  could  be  ob- 


Figure  4.  Absorption  Curves  for  Dyes  Produced  by  Reaction  of 
4-Aminoantipyrine  with  2,2 '-Methylenebis[4-chlorophenol] ,  2,4- 
Dichlorophenol,  Salicylanilide,  and  4,4'-lsopropylidenebis[2- 

chlorophenol] 

100  micrograms  of  phenolic  compound  used  to  develop  color 


Figure  5.  Absorption  Curves  for  Dyes  Produced  by  Reaction  of 
4-Aminoantipyrine  with  4,4'-lsopropylidenediphenol,2,2'-Meth- 
ylenebis[3,4,6-trichlorophenol] ,  and  Tetrabromo-o-cresol 

For  first  two  compounds  100  micrograms  of  each  compound  were  used  to  develop 
color,  as  described  in  section  on  standard  curves.  For  tetrabromo-o-cresol  400 
micrograms  of  phenolic  compound  were  used. 


tained  by  measuring  the  color  at  30  minutes  after  development 
of  color,  using  a  640  filter  (Figure  3).  In  this  reaction  it  was 
found  that  0.5  cc.  of  the  potassium  ferricyanide  solution  and 
0.75  cc.  of  the  aminoantipyrine  solution  gave  the  best  develop¬ 
ment  of  color. 

DISCUSSION 

It  can  be  seen  from  the  data  presented  that  4-aminoantipyrine 
promises  to  be  a  very  useful  reagent  for  the  quantitative  estima¬ 
tion  of  phenols.  The  only  element  appearing  to  require  special 
care  in  the  analysis  is  the  pH  of  the  reaction  medium.  Devia¬ 
tions  of  0.5  of  a  pH  unit  in  either  direction  from  the  limits  given 
caused  changes  in  both  the  intensity  and  stability  of  the  color 
produced.  Attempts  to  utilize  buffer  mixtures  were  not  success¬ 
ful,  since  the  ions  used  in  the  buffer  mixtures  interfered  with  the 
development  of  the  color.  Thus  boric  acid-sodium  hydroxide, 
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glycine-sodium  hydroxide,  and  sodium  tetraborate-sodium  car¬ 
bonate  could  not  be  used. 

It  will  be  noticed  that  the  reactions  of  4,4'-isopropylidenedi- 
pbenol  and  4,4'-isopropylidenebis(2-chlorophenol]  represent  an 
anomaly  to  the  structural  requirements  for  the  reaction  as  re¬ 
ported  by  Emerson  ( 2 ).  Both  of  these  compounds  have  an 
aryl  alkyl  substituent  para  to  the  phenolic  OH  group  which  sup¬ 
posedly  would  block  the  reaction  since  they  could  not  be  expelled 
by  the  ferricyanide  oxidizing  agent.  The  readiness  with  which 
these  compounds  react  with  4-aminoantipyrine  suggests  that 
something  other  than  a  para  substitution  takes  place  and  brings 
out  the  possibility  that  in  cases  where  the  para  position  is  blocked 
ortho-quinoid  structures  may  be  formed.  More  work  is  needed  to 
elucidate  the  exact  nature  of  the  reaction  between  phenols  and  4- 
aminoantipyrine. 
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Improved  Method  of  Flame  Photometry 
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An  improved  flame  photometer,  employing  a  dual  optical  system, 
has  been  devised.  With  this  instrument  the  internal  standard  prin¬ 
ciple  often  employed  in  spectral  analysis  may  be  used.  Since  by 
this  method  light  intensity  ratios  are  measure  d  rather  than  absolute 
light  intensities,  the  disturbing  effects  caused  by  gas  and  air  pres¬ 
sure  fluctuations,  by  the  presence  of  foreign  ions  and  molecules, 
and  by  viscosity  differences  are  considerably  reduced.  The  con¬ 
struction  and  performance  of  this  photometer  are  discussed  in  detail. 

IN  A  recent  paper  (1)  a  rapid  analytical  technique  for  the  de¬ 
termination  of  sodium  and  potassium  in  aqueous  solution 
was  presented.  An  instrument  known  as  the  flame  photometer 
was  described,  and  the  analytical  procedure  explained.  Briefly, 
the  method  consists  of  atomizing  an  aqueous  solution  of  the  metal 
into  the  base  of  a  gas  burner,  whereupon  the  vapor  is  carried 
into  the  flame  and  ignited.  The  light  arising  from  the  flame 
characteristic  of  the  element  being  determined  is  filtered  free  of 
other  radiation  and  is  brought  to  fall  upon  a  photocell.  By 
measuring  the  intensity  of  the  light  produced  with  solutions  of 
known  concentration  and  preparing  a  calibration  curve  of  in¬ 
tensity  versus  concentration,  the  metal  content  of  other  solutions 
may  subsequently  be  determined  by  making  use  of  the  curve. 

The  prime  requisite  of  successful  flame  photometry  by  this 
method  is  the  establishment  of  constant  atomization  and  burning 
conditions  in  the  instrument.  Considerable  investigative  work 
led  to  a  design  of  instrument  which  would  fulfill  this  condition 
with  reasonable  satisfaction.  In  the  flame  photometer  previously 
described,  these  problems  had  been  solved  to  obtain  an  average 
accuracy  of  ±3%  of  the  total  element  present  in  the  sample  in  a 
single  determination.  The  errors  made  were  found  to  be  almost 
entirely  random — i.e.,  equal  number  positive  and  negative — and 
it  could  be  assumed  that  they  came  entirely  .from  momentary 
variations  of  light  intensity  in  the  flame. 

In  the  early  course  of  this  work,  however,  it  was  noted  that  an 
error  far  more  serious  in  nature  than  this  instrumental  error 
could  arise  when  excessive  amounts  of  certain  ions  were  intro¬ 
duced  into  solutions  containing  sodium  or  potassium — for  ex¬ 
ample,  the  presence  of  1%  sulfuric  acid  in  a  solution  containing 
100  p.p.m.  of  sodium  reduced  the  light  emitted  by  the  flame  by 
some  15%.  It  was  further  noted  that  acids,  salts,  or  indeed 
almost  any  foreign  molecule,  similarly  reduce  the  apparent  so¬ 
dium  content  of  solutions  as  analyzed  by  the  flame  photometer. 

The  most  obvious  manner  in  which  to  correct  this  type  of  error  is 
to  compound  the  standard  solutions  used  in  calibrating  the  in¬ 
strument  in  such  a  manner  that  these  standards  contain  quanti¬ 


ties  of  the  interfering  molecules  in  proportions  similar  to  those 
quantities  contained  in  the  solutions  to  be  analyzed.  This  pro¬ 
cedure  has  been  adopted,  and  in  applications  where  one  can  ac¬ 
curately  predict  the  composition  of  the  solutions  submitted  for 
analysis,  it  has  been  satisfactory. 

It  is  apparent,  however,  that  such  a  procedure  is  not  altogether 
convenient,  since  it  requires  the  compounding  of  a  series  of  stand¬ 
ard  solutions  for  each  type  of  unknown  which  the  laboratory 
must  analyze.  In  other  cases,  where  the  chemical  composition 
of  unknowns  may  vary  considerably  from  one  sample  to  the 
next,  the  procedure  is  not  feasible.  For  these  reasons,  a  method 
was  sought  which  would  eliminate  as  nearly  as  possible  the 
effect  of  foreign  molecules  upon  the  quantitative  determination 
of  the  alkali  metals. 

In  the  usual  spectrographic  method  of  analysis  it  has  been 
common  practice  to  employ  what  is  termed  an  “internal  stand¬ 
ard”  (S)  element  to  reduce  the  effect  of  variation  of  the  light 
source,  and  other  disturbing  influences,  upon  the  accuracy  of  the 
results  obtained.  The  method  consists  of  purposely  adding  to 
each  sample  to  be  analyzed  a  fixed  quantity  of  some  element 
(the  internal  standard)  not  normally  occurring  in  the  sample, 
before  bringing  the  sample  to  excitation.  Upon  excitation,  light 
is  emitted  by  both  the  element  being  determined  and  the  inter¬ 
nal  standard,  and  the  ratio  of  the  intensities  of  these  two  charac¬ 
teristic  lights  emitted  is  subsequently  determined  by  photography 
and  densitometry.  The  principle  of  the  method  is  simply  that 
any  change  in  the  source  or  any  other  factor  influencing  the  light 
intensity  emitted  by  one  element  similarly  affects  the  internal 
standard  element,  so  that  the  ratio  of  intensities  obtained  is 
constant  regardless  of  the  experimental  conditions.  Naturally 
it  is  advantageous  to  choose  as  an  internal  standard  an  element 
which  bears  excitation  characteristics  as  similar  as  possible  to  the 
element  being  determined. 

In  attempting  to  apply  the  internal  standard  method  to  flame 
photometry,  the  choice  of  a  suitable  element  as  a  standard  was 
rather  limited,  because  of  the  few  elements  excited  at  the  flame 
temperatures  used  in  the  instrument.  Since  the  flame  photom¬ 
eter  was  primarily  designed  as  an  instrument  for  the  determination 
of  sodium  and  potassium,  it  was  desirable,  if  possible,  to  choose 
one  of  the  alkali  metals  as  a  standard  rather  than  an  alkaline 
earth  metal.  The  spectra  of  rubidium,  cesium,  lithium,  and  in¬ 
dium  were  investigated  as  possibilities.  For  various  reasons 
such  as  the  intensity  of  light  emitted  by  the  element,  the  problem 
of  filtering  the  characteristic  radiation  emitted,  and  the  wave¬ 
length  sensitivity  of  the  photodetecting  device  to  be  employed, 
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Figure  1.  Internal  Standard  Flame  Photometer 

Q,  chimney.  M',  M2,  mirrors.  Ll,  L2,  N1,  N2,  Fresnel  lenses.  F1,  sodium  or  potassium  filters.  F2,  lithium  fil¬ 
ters.  Pl,  P-,  barrier  layer  photocells.  C,  atomizing  chamber.  G1,  G2,  gas  and  air  pressure  gages.  Kl,  K 2,  gas 
and  air  regulator  knobs.  D,  main  potentiometer  dial.  E,  compensating  rheostat.  T,  toggle  switches.  S1,  S2, 

sensitivity  adjustment,  coarse  and  fine 


all  except  lithium  were  rejected.  The  only  serious  objection  to 
the  use  of  lithium  is  the  fact  that  the  element  is  relatively  abun¬ 
dant  and  may  therefore  occur  as  an  impurity  in  certain  types  of 
samples,  especially  those  of  mineral  origin.  The  light  emitted 
by  lithium  is  sufficiently  intense,  and  the  only  line  emitted 
(6708  A.)  is  favorably  placed  about  equidistant  in  the  spectrum 
between  the  lines  of  sodium  and  of  potassium.  The  problem  of 
filtering  the  three  radiations  sufficiently  free  from  one  another 
was  accomplished  with  Corning  glass  filters  and  a  special  liquid 
filter  developed  in  these  laboratories  (4)  which  consists  of 
cupric  chloride  dissolved  in  concentrated  hydrochloric  acid. 

INTERNAL  STANDARD  FLAME  PHOTOMETER 

To  test  the  internal  standard  method  as  applied  to  flame  pho¬ 
tometry,  it  was  necessary  to  construct  a  special  instrument  hous¬ 
ing  two  light  paths  and  two  photocells.  The  instrument  built 
(Figure  1)  was  similar  in  general  design  to  the  flame  photometer 
previously  described  ( 1 ). 

Light  leaves  the  flame  through  two  rectangular  apertures  on 
opposite  sides  of  the  chimney,  Q,  each  beam  being  reflected  into  an 
optical  system  similar  to  that  previously  used.  The  lens,  L1  or  L2, 
nearest  the  chimney  casts  an  enlarged  image  of  the  aperture  on 
the  second  lens,  N1  or  N2,  filling  this  lens  as  nearly  as  possible 
with  the  rectangular  image  produced.  The  second  lens  casts  a 
slightly  reduced  image  of  the  first  lens  upon  a  round  photocell, 
P 1  or  P2,  just  filling  the  active  area.  This  system  provides  high 
light-gathering  power  yet  allows  the  photocells  to  be  well  removed 
from  the  heat  of  the  source.  The  barrier  layer  photocell  has  been 
retained  as  the  light-detecting  device.  Before  one  photocell  is 
placed  the  set  of  lithium  filters,  while  sodium  or  potassium  filters 
may  be  interchanged  before  the  other  photocell.  [If  desired, 
separate  light  paths  and  photocells  may  be  provided  for  the  so¬ 
dium  and  potassium  (making  a  total  of  three  optical  systems) 
and  the  desired  sodium  or  potassium  cell  switched  into  the  circuit 
electrically.  ] 

Gas  and  air  supplied  to  the  burner  and  atomizer,  respectively, 
are  regulated  and  measured  by  appropriate  regulators  and  gages, 
G1  and  G1.  The  stainless  steel  hypodermic  needle  atomizing  unit, 
and.  the  conical-shaped  atomizing  chamber,  C,  used  in  the  pre¬ 
vious  instrument  were  left  unchanged. 

The  circuit  used  for  measuring  the  ratio  of  the  light  intensities 
between  the  internal  standard  and  the  element  being  determined 
is  shown  in  Figure  2.  (Actually  the  circuit  employed  is  not  a 
true  ratio-measuring  device  but  rather  a  compensated  circuit. 
At  balance,  however,  the  potentiometer  reading  obtained  is  very 


nearly  proportional  id  the  ratio  of 
the  light  intensities  Oh  the  two 
photocells.)  Several  of  the  “buck¬ 
ing  circuit”  arrangements  sug¬ 
gested  in  the  literature  (2)  were 
tried  but  none  proved  satisfactory 
at  the  low  light  levels  encountered 
in  the  photometer.  The  circuit 
used  maintains  a  resistance  of 
some  10,000  ohms  across  each 
photocell,  which  seems  about 
proper  for  the  damping  character¬ 
istics  of  the  galvanometer.  The 
10,000-ohm  potentiometer,  D, 
was  coupled  to  a  20-cm.  (8-inch) 
circular  dial  on  the  front  panel, 
making  possible  the  reading  of 
the  potentiometer  to  within 
±0.2%  of  full  scale.  Asmall500- 
ohm  rheostat,  E,  was  added  to  one 
end  of  the  slide  wire  for  slight 
compensating  adjustments  found 
necessary  from  time  to  time  during 
operation.  The  box-type  galva¬ 
nometer  used  in  the  previous  in¬ 
strument  (G.E.  32C-245-G9)  made 
a  satisfactory  null  indicator  for 
the  instrument.  As  formerly,  the 
galvanometer  was  connected  to 
the  photometer  by  jacks. 

Also  shown  in  Figure  2  is  the 
circuit  used  in  the  previous  method 
of  flame  photometry.  Although 
not  shown,  the  instrument  was 
so  arranged  that  either  circuit  shown  in  Figure  2  could  be  utilized 
by  merely  throwing  toggle  switches,  T.  The  instrument  could 
thus  be  used  as  previously  described — to  measure  the  direct  or 
absolute  intensity  of  the  sodium  or  potassium  wave  lengths, 
now  termed  the  “absolute  method”  of  flame  photometry,  or  the 
ratio  of  light  intensities  of  sodium  versus  lithium  or  potassium 
versus  lithium,  termed  the  “internal  standard  method”  of  flame 
photometry.  This  arrangement  was  very  convenient  in  making 
comparisons  of  the  two  methods. 


ANALYTICAL  PROCEDURE 

The  procedure  employed  in  making  use  of  the  internal  standard 
method  is  similar  in  principle  to  that  employed  in  the  absolute 
method,  in  that  the  instrument  is  first  calibrated  with  solutions  of 
known  concentration.  All  the  standards,  however,  are  prepared 
to  contain  a  fixed  amount  of  a  soluble  lithium  salt.  Lithium 
sulfate  has  generally  been  employed  for  this  purpose,  as  the  salt 
is  rather  easily  prepared  in  a  form  relatively  free  of  sodium  and 
potassium. 

Reagent  quality  lithium  sulfate  is  precipitated  as  the  fluoride 
by  adding  ammonium  fluoride  in  slight  excess.  The  lithium 
fluoride  is  then  washed  with  cold  distilled  water,  dried,  and  con- 
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verted  back  to  the  sulfate  in  platinum  ware  by  the  addition  of 
concentrated  sulfuric  acid  and  heating.  Since  the  sodium  and 
potassium  fluorides  are  several  times  more  soluble  than  the 
lithium  salt,  the  procedure  appears  satisfactory. 

In  practice,  all  sodium  standards  were  made  to  contain  1000 
p.p.m.  of  lithium,  and  amounts  of  sodium  ranging  from  0  to  90 
p.p.m.  (It  was  found  by  experiment  that  this  quantity  of 
lithium  gives  an  electrical  response  equal  to  the  response  of  95 
p.p.m.  of  sodium  with  the  particular  filters  and  photocells  em¬ 
ployed  in  the  instrument.)  The  standards  thus  prepared  are 
successively  introduced  into  the  instrument  and  in  each  case  the 
potentiometer  is  so  adjusted  as  to  cause  no  current  to  flow 
through  the  galvanometer.  A  potentiometer  dial  reading  is 
taken  for  each  standard  and  a  calibration  curve  is  prepared. 
The  curve  obtained  is  smooth,  and  fairly  linear  (Figure  3). 


Figure  3.  Typical  Calibration  Curve  for 
Sodium  as  Obtained  by  the  Internal 
Standard  Flame  Photometer 


Figure  4.  Effect  of  Variation  of  Gas  Pressure 


To  determine  the  sodium  content  of  a  sample,  an  aqueous  solu¬ 
tion  is  appropriately  pipetted  into  a  volumetric  flask,  so  that  upon 
dilution  the  sodium  content  will  fall  below  90  p.p.m.  A  suffi¬ 
cient  quantity  of  a  stock  lithium  sulfate  solution  is  then  added 
to  bring  the  lithium  concentration  to  1000  p.p.m.  upon  dilution. 
The  sample  thus  prepared  when  introduced  into  the  instrument 
yields  a  potentiometer  reading  which  is  readily  converted  into 
parts  per  million  of  sodium  by  use  of  the  calibration  curve. 

In  actual  operation  the  calibration  curve  remains  well  fixed 
after  establishment.  The  standard  solution  containing  0  p.p.m. 
of  sodium  and  1000  p.p.m.  of  lithium  will  read  near  the  lower 
end  of  the  main  potentiometer  scale  and  the  90  p.p.m.  of  sodium 
standard  will  read  near  the  upper  end  of  the  scale.  When  em¬ 
ploying  the  flame  photometer  for  analysis  it  will  be  found  wise 
to  check  the  upper  and  lower  ends  of  the  scale  occasionally  with 
the  standard  solutions.  Unless  the  flame  in  some  manner  be¬ 
comes  contaminated  with  sodium  (dust  in  the  atmosphere,  etc.), 
the  lower  end  of  the  calibration  curve  will  remain  well  anchored. 
If  drift  occurs  at  the  upper  end  of  the  scale,  compensation  may 
be  made  by  adjustment  of  the  secondary  slide  wire,  E,  to  restore 
the  original  reading  of  the  standard. 

A  similar  procedure  is  used  in  the  determination  of  potassium, 
with  the  exception  that  the  solutions  are  prepared  to  contain  200 
p.p.m.  of  lithium.  This  amount  of  lithium  balances  about  95 
p.p.m.  of  potassium.  The  lithium  concentrations  chosen  were 
such  as  to  balance  convenient  working  concentrations  of  sodium 
and  potassium,  but  more  or  less  lithium  may  be  added  to  prepare 


a  series  of  standards  covering  greater  or  lesser  ranges  of  concen¬ 
tration  of  sodium  and  of  potassium. 

The  amount  of  sample  required  for  a  single  sodium  or  potassium 
determination  is  about  the  same  as  that  required  by  the  previous 
instrument  (I).  Samples  of  as  little  as  3  ml.  of  solution  have 
been  analyzed,  but  a  larger  quantity  of  sample  (say  10  ml.)  is 
preferred.  Although  the  authors  prefer  working  in  a  concen¬ 
tration  range  of  1  to  100  p.p.m.  of  sodium  or  potassium,  concen¬ 
trations  as  low  as  0.1  p.p.m.  of  sodium  or  0.5  p.p.m.  of  potas¬ 
sium  have  been  determined.  In  working  at  concentrations  be¬ 
low  5  p.p.m.  of  sodium  or  potassium  a  special  set  of  standard 
solutions  containing  less  lithium  should  be  used  for  calibration 
of  the  instrument. 

ACCURACY 

In  order  to  determine  the  accuracy  of  the  internal  standard 
method  of  flame  photometry,  a  series  of  100  solutions  containing 
known  concentrations  of  sodium  was  prepared  and  analyzed  by  the 
method.  A  similar  series  was  studied  in  the  case  of  potassium. 
These  solutions  were  prepared  from  c.p.  sodium  and  potassium 
chlorides  and  lithium  sulfate  prepared  as  previously  described. 
The  average  error  of  a  single  determination  of  sodium  was 
±1.24%,  while  for  potassium  a  figure  of  ±1.01%  was  obtained. 
The  sign  of  the  error  was  found  to  be  random.  These  figures 
show  conclusively  the  superiority  of  the  internal  standard  method 
over  the  absolute,  for  in  a  similar  experiment  using  the  absolute 
method,  the  average  error  of  a  single  determination  was  shown  to 
be  ±3%  of  the  amount  of  element  present. 

Further  experiments  have  been  conducted  which  show  the  su¬ 
periority  of  the  internal  standard  method  with  respect  to  com¬ 
mon  interferences  which  may  beset  the  absolute  method.  These 
detrimental  effects  may  be  divided  into  at  least  four  classes: 
effect  of  variation  of  gas  pressure,  effect  of  variation  of  air  pres¬ 
sure,  effect  of  foreign  molecules  and  ions,  and  effect  of  viscosity 
of  the  sample. 

In  order  to  determine  the  magnitude  of  these  various  effects, 
standard  solutions  were  prepared  and  analyzed  by  both  the  in¬ 
ternal  standard  and  the  absolute  method.  These  solutions  all 
contained  50  p.p.m.  of  sodium  (as  the  chloride)  plus  varying 
amounts  of  the  interfering  substances  (except  in  the  case  of  the 
effect  of  sodium  chloride,  in  which  case  50  p.p.m.  of  potassium 
was  the  concentration  chosen).  The  standards  used  in  the 
evaluation  of  the  internal  standard  method  contained,  in  addi¬ 
tion,  1000  p.p.m.  of  lithium. 


Figure  5.  Effect  of  Variation  of  Air  Pressure 

In  a  separate  series  of  experiments,  it  was  subsequently  shown 
that  the  percentage  error  produced  by  a  given  quantity  of  inter¬ 
fering  ion  or  molecule  is  independent  of  the  amount  of  sodium  or 
potassium  present  in  the  sample  over  a  concentration  range  of  10 
to  100  p.p.m. 

INTERFERENCES 

Gas  Pressure.  The  effect  of  lowering  the  gas  pressure  from 
that  normally  used  in  the  operation  of  the  flame  photometer  [0.21 
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kg.  per  sq.  cm.  (3  pounds  per  sq.  inch)  of  propane]  is  shown 
graphically  in  Figure  4.  It  is  immediately  noted  that  the  gas 
pressure  may  be  lowered  by  33%  [from  0.21  kg.  per  sq.  cm. 
(3  pounds)  down  to  0.14  kg.  per  sq.  cm.  (2  pounds)]  using  the 
internal  standard  method  with  no  appreciable  change  in  the  quan¬ 
tity  of  metal  determined  in  a  sample,  while  a  similar  change  of 
gas  pressure  lowers  the  result  obtained  in  using  the  absolute 
method  by  some  12.5%.  The  obvious  superiority  of  the  internal 
standard  method  should  now  make  feasible  the  operation  of  flame 
photometers  directly  from  city  gas  mains  where  variations  in 
gas  pressure  previously  made  such  operation  very  questionable. 

Air  Pressure.  That  variations  of  flame  photometer  readings 
are  much  more  dependent  upon  air  pressure  fluctuations  than  upon 
gas  pressure  changes  is  immediately  apparent  from  a  study  of 
Figure  5.  The  internal  standard  method  does  not  completely 
eliminate  the  effect  of  variations  in  air  pressure  at  any  range. 
The  magnitude  of  the  effect,  however,  is  reduced  by  a  factor  of 
about  2.5.  Thus,  a  reduction  of  air  pressure  from  the  standard 
operating  pressure  of  1.05  to  0.84  kg.  per  sq.  cm.  (15  to  12  pounds 


per  sq.  inch)  lowers  the  absolute  reading  obtained  by  some  10% 
while  reducing  the  internal  standard  result  by  only  about  3.5%. 
Again  the  internal  standard  method  of  photometry  is  distinctly 
superior  to  the  absolute,  but  adequate  pressure  regulation  will 
remain  necessary  for  the  best  results. 

Foreign  Molecules.  Shown  in  Figures  6,  7,  and  8  are  plots 
of  the  errors  resulting  in  flame  photometry  which  occur  when 
certain  inorganic  acids  and  salts,  as  well  as  organic  molecules, 
are  introduced  into  the  solutions  being  analyzed  for  sodium  and 
potassium.  In  every  case  shown,  where  the  absolute  method  of 
analysis  is  employed,  the  introduction  of  acids  or  salts  into  the 
solution  reduces  the  light  emitted  by  the  sodium  or  potassium. 
If  a  sufficient  quantity  of  the  interfering  substance  is  added,  the 
internal  standard  method  also  will  usually  produce  a  low  result, 
but  not  until  considerably  higher  concentrations  of  the  interfer¬ 
ing  molecules  have  been  added  do  these  effects  begin  to  appear. 
In  the  case  of  sulfuric  acid,  for  example,  the  introduction  of  0.2 
mole  of  acid  per  liter  (2%  acid  approximately)  results  in  an  ab¬ 
solute  reading  for  sodium  which  is  some  21%  lower  than  the  true 
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Figure  8.  Effect  Produced  by  Organic  Molecules 


value,  while  by  the  internal  standard  method  the  result  obtained 
is  but  1.5%  lower  than  normal.  Hydrochloric  and  nitric  acids 
behave  similarly,  severely  depressing  the  absolute  readings  ob¬ 
tained  while  not  affecting  the  internal  standard  method  until 
relatively  high  concentrations  of  these  acids  are  present  in  the 
sample.  Other  acids  such  as  phosphoric,  hydriodic,  and  hydro- 
bromic  have  been  found  to  behave  similarly.  It  may  be  noted 
from  the  graphs  that  from  50  to  200  times  the  amount  of  acid 
may  be  tolerated  by  the  internal  standard  method  as  by  the  ab¬ 
solute — i.e.,  before  an  equal  suppression  of  the  result  is  noted. 

Salts  of  most  types  depress  the  readings  obtained  by  the  ab¬ 
solute  method  of  flame  photometry  much  as  do  the  acids.  The 
effects  of  five  different  salts  are  shown  in  the  graphs — namely, 
ammonium  chloride,  sodium  chloride,  potassium  chloride,  mag¬ 
nesium  sulfate,  and  cupric  chloride.  These  salts  begin  to  depress 
the  absolute  readings  when  present  at  approximately  the  same 
range  of  concentration  as  do  the  acids.  It  is  obvious,  therefore, 
that  the  neutralization  of  an  acid  in  a  sample  with,  for  example, 
ammonium  hydroxide,  will  not  lessen  the  ill  effect  of  the  acid. 

Potassium  chloride  affects  the  determination  of  sodium  much 
as  does  ammonium  chloride.  Similarly,  sodium  chloride  will  de¬ 
press  the  readings  obtained  in  a  potassium  determination  if 
present  in  sufficient  quantity.  This  effect  should  especially  be 
remembered  if  any  attempt  is  made  to  determine  a  trace  of  one 
of  these  elements  when  combined  with  large  quantities  of  the 
other. 

Of  interest  also  are  the  effects  produced  by  two  of  the  salts,  the 
magnesium  sulfate  and  the  copper  chloride,  which  tend  to  raise 
the  result  obtained  by  the  internal  standard  method  rather  than 
to  produce  a  low  answer  as  they  do  by  the  absolute  method.  Two 
explanations  for  this  behavior  are  possible:  either  that  the  salts 
depress  the  light  emitted  by  lithium  to  a  greater  extent  than  that 
by  sodium,  or  that  a  certain  small  amount  of  light  is  emitted  by 
copper  and  magnesium  which  will  pass  the  sodium  filter.  The 


f  ormer  reason  may  apply  to  the  magnesium  in  the  case  of  sodium 
determinations,  but  the  latter  reason  may  apply  to  the  copper 
salt,  as  it  is  known  that  copper  salts  do  emit  a  green  band,  some 
of  which  may  pass  through  the  sodium  filters. 

Figure  8  shows  the  effects  produced  by  two  common  organic 
molecules.  Urea  behaves  very  similarly  to  the  acids  and  salts — 
the  effect  quantitatively  being  of  the  same  order  of  magnitude. 
Methanol,  however,  behaves  in  a  manner  entirely  different  from 
any  substance  previously  mentioned  in  that  it  increases  the  light 
emitted  by  the  flame.  Ethanol  has  been  observed  to  exhibit  a 
similar  behavior. 

Viscosity.  As  might  be  expected,  samples  which  contain 
sodium  or  potassium  and  some  additional  agent  which  consid¬ 
erably  increases  the  viscosity  of  the  sample  tend  to  read  lower 
than  solutions  of  sodium  or  potassium  of  normal  viscosity — when 
the  determination  is  made  by  the  absolute  method.  The  ex¬ 
planation  is  obvious  in  that  the  absolute  method  depends  upon 
a  constant  rate  of  atomization  in  the  standards  and  in  the  un¬ 
knowns.  Higher  viscosities  decrease  the  rate  of  atomization  of 
the  sample,  so  that  fewer  atoms  are  introduced  into  the  flame  in 
a  given  time,  and  consequently  less  light  is  emitted  by  the  flame. 

Figure  9  shows  the  comparative  effects  of  viscosity  upon  the 
internal  standard  and  absolute  methods.  Sucrose  was  added  to 
the  samples  to  increase  the  viscosity.  In  an  extreme  case  where 
40%  sucrose  was  added  to  the  sample  (viscosity  5.1  centipoises) 
the  absolute  method  produced  a  result  42%  below  the  true  value, 
while  the  result  obtained  by  the  internal  standard  method  was 
but  11%  low. 

A  study  of  the  flow  rates  of  the  solutions  through  the  atomizer 
shows  that  the  light  emitted  is  decreased  by  a  lesser  amount  than 
would  be  expected  from  the  decrease  in  the  rate  of  atomization. 
Undoubtedly  the  presence  of  the  sucrose  gives  rise  to  some  type  of 
interference,  apparently  behaving  as  does  methanol — that  is,  to 
produce  more  light. 

Surface  Tension.  It  was  thought  probable  that  variations 
in  the  surface  tension  of  solutions  might  give  rise  to  some  change 
of  the  atomization  characteristics  of  solutions  being  atomized 
into  the  flame  photometer  and  hence  lead  to  an  increase  or  de¬ 
crease  in  the  light  emitted  by  the  flame.  The  effect  of  surface 
tension  was  studied  by  adding  the  ammonium  salt  of  Aerosol 
OT  (a  product  of  the  American  Cyanamid  Company;  the  am- 
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monium  salt  was  specially  prepared  in  these  laboratories)  to 
solutions  of  sodium  and  potassium  chlorides.  'Using  the  absolute 
method,  no  effect  was  observed  upon  the  light  emitted  by  the 
flame  although  the  surface  tension  varied  from  that  of  water  (ca. 
72  dynes  per  centimeter)  down  to  28  dynes  per  centimeter.  An 
explanation  might  lie  in  the  known  fact  that  a  time  factor  is  in¬ 
volved  in  lowering  of  the  surface  tension  of  freshly  formed  surfaces 
when  surface-active  agents  are  used  to  lower  the  tension.  If  this 
factor  does  explain  the  failure  of  surface-active  agents  to  alter  the 
atomization  characteristics  of  a  solution,  there  then  remains  a 


24 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  18,  No.  1 


question  as  to  whether  the  surface  tension  of  a  solution  introduces 
an  effect  upon  the  light  emitted  by  a  flame.  For  example,  the 
increased  amount  of  light  emitted  by  a  solution  containing  al¬ 
cohol  may  be  partly  due  to  the  altered  surface  tension  of  the  solu¬ 
tion.  At  the  present  time,  no  attempt  has  been  made  to  study 
this  effect  further. 

PROPOSED  ALTERNATIVE  PROCEDURE 

Certain  analysts  in  considering  the  internal  standard  type  of 
flame  photometer  may  propose  that  the  previously  described 
type  of  flame  photometer,  employing  a  single  photocell,  be  used 
in  a  quasi-internal  standard  method  by  adding  lithium  to  each 
sample  and  measuring  individually  the  intensity  of  the  lithium 
and  sodium  lines.  This,  of  course,  could  be  readily  accomplished 
if  a  suitable  method  of  mechanically  interchanging  the  filters 
before  the  photocell  were  devised. 

Such  a  procedure  might  serve  well  in  eliminating  the  effects  of 
foreign  ions  and  molecules  upon  the  flame,  but  would  not  elimi¬ 
nate  the  effects  of  variations  in  gas,  air  pressure,  or  other  momen¬ 
tary  changes  which  constantly  alter  the  intensity  of  the  flame. 
The  error  introduced  by  variation  of  the  flame  could,  of  course, 
be  substantially  reduced  by  alternately  measuring  the  sodium  and 


lithium  intensities  several  times  on  each  sample  and  obtaining  an 
average  ratio  value. 

Although  such  a  procedure  may  be  fairly  satisfactory,  the  time 
involved  for  each  analysis  would  be  considerably  increased,  and 
in  general  the  method  would  lack  elegance. 

CONCLUSIONS 

The  advantages  of  making  use  of  an  internal  standard  in  flame 
photometry  are  considerable.  In  most  analytical  work  the  addi¬ 
tional  time  and  energy  required  in  using  the  method  are  small  be¬ 
cause  of  the  usual  necessity  of  diluting  the  sample  before  analy¬ 
sis  and  the  addition  of  the  internal  standard  during  this  step  is 
simple.  However,  judgment  must  be  applied  in  making  use  of 
the  flame  photometer  in  analyzing  new  types  of  materials,  and 
therefore  a  certain  amount  of  careful  investigative  work  should 
be  done  before  attempting  any  previously  untried  determination. 
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Determination  of  Nitrogen  in  Refractory  Metal  Carbides 

and  Their  Compositions 

JOHN  C.  REDMOND,  LEONA  GERST,  and  W.  O.  TOUHEY 
Kennametal,  Inc.,  Latrobe,  Pa. 


A  procedure  is  described  for  determining  nitrogen  in  refractory  metal 
carbides  by  the  solution  and  distillation  method.  No  special  ap¬ 
paratus  is  required  and  very  precise  results  are  obtained.  The 
nitrogen  contents  of  several  representative  carbides  and  composi¬ 
tions  are  given. 

THE  great  increase  in  the  past  few  years  in  the  use  of  cemented 
compositions  of  the  refractory  metal  carbides  for  cutting 
tools,  dies,  wear  parts,  and  other  applications  has  accelerated 
metallurgical  investigation  of  these  materials.  Since  several  of 
the  elements  used  in  these  compositions  readily  form  nitrides 
when  they  are  present  in  the  environment  in  which  the  carburi¬ 
zation  takes  place  and  since  there  is  also  a  possibility  of  nitride 
formation  during  sintering  operations  in  some  commercially  used 
atmospheres,  investigation  of  nitrogen  content  of  these  materials 
seemed  of  interest.  It  was  first  necessary  to  develop  a  procedure 
for  this  work  and  the  results  of  this  development  and  the  method 
as  finally  used  are  reported  herewith. 

Although  a  great  deal  has  been  published  in  the  literature  on 
the  determination  of  nitrogen  in  steel,  the  authors  found  only  one 
reference  to  its  determination  in  carbides  (3).  This  paper  inci¬ 
dentally  contains  a  very  complete  and  worth-while  bibliography 
on  the  determination  of  nitrogen  in  iron  and  steel.  Phragmen 
and  Treje  (3)  investigated  both  the  vacuum  fusion  and  solution 
and  distillation  methods.  In  the  case  of  the  solution  and  distilla¬ 
tion  method  they  -used  a  refluxing  technique  for  solution  with 
special  apparatus  and  sulfuric  acid  plus  potassium  bisulfate  as  the 
solution  agents.  For  titanium  carbide  their  results  show  a  much 
lower  recovery  with  the  solution  and  distillation  method  than  for 
the  vacuum  fusion  procedure  using  sodium  peroxide.  Hence, 
when  applied  to  titanium  carbide,  which  is  a  constituent  of  many 
commercial  carbide  compositions  and  is  a  very  likely  source  of 
nitrogen,  the  solution  and  distillation  procedure  of  Phragmen 
and  Treje  appears  unsatisfactory. 


It  was  the  authors’  desire  to  develop  a  solution  and  distillation 
method  without  the  use  of  special  apparatus,  but  it  is  obvious 
that  the  problem  would  be  one  of  developing  a  method  of  obtain¬ 
ing  complete  solution.  These  carbides  and  their  compositions 
are  very  refractory  and  are  ordinarily  insoluble  without  resort 
to  oxidizing  reagents  or  fusion.  As  shown  in  Table  I,  several 
unsatisfactory  procedures  and  modifications  were  investigated. 


Table  I.  Procedures  Investigated 


Solution  Method 

Results 

1. 

Fuming  sulfuric  acid  plus  sodium 
sulfate  (2) 

Partial  solution  and  low  results 

2. 

Fuming  sulfuric  acid  plus  sodium  thio¬ 
sulfate 

Usually  incomplete  solution. 
Erratic  results 

3. 

Fusion  with  potassium  bisulfate  and 
solution  of  melt  in  hydrochloric  acid 

Results  low  when  fusion  was 
complete 

4. 

Fuming  with  sulfuric  acid  plus  potas¬ 
sium  bisulfate  plus  hydrofluoric  acid 

Very  destructive  to  glassware 

5. 

Heating  in  a  stream  of  hydrogen  with 
copper  oxide  and  lead  oxide  cata¬ 
lysts  and  absorption  of  ammonia  in 

Results  very  low 

sulfuric  acid 


The  use  of  perchloric  acid  as  recommended  in  some  procedures 
for  determining  nitrogen  in  alloy  steels  was  not  tried,  inasmuch 
as  there  has  always  been  a  question  of  the  loss  of  nitrogen  by 
oxidation  in  even  short  periods  of  fuming.  Since  extended^  pe¬ 
riods  were  necessary  for  these  materials,  the  loss  of  nitrogen 
seemed  certain. 

It  was  then  found  that  by  a  careful  technique,  extended  fuming 
with  a  mixture  of  sulfuric  acid,  potassium  bisulfate,  and  either 
cuprous  oxide  or  selenium  oxychloride  could  be  carried  out  and 
complete  solution  could  be  obtained.  In  some  instances  this  re¬ 
quired  as  much  as  184  hours  for  the  solution  of  a  1-gram  sample 
but  there  was  no  evidence  of  loss  of  ammonia.  This  procedure 
was  adopted  as  described  in  detail  in  this  paper. 
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APPARATUS 

The  distillation  apparatus  used  is  shown  in  Figure  1.  This 
apparatus  is  a  combination  of  that  described  by  Lundell,  Hoff¬ 
man,  and  Bright  (2),  and  one  developed  a  number  of  years  ago 
at  Battelle  Memorial  Institute.  The  large  tube  leading  from  the 
funnel  to  the  bottom  of  the  distillation  flask  facilitates  the  in¬ 
troduction  of  the  sample  solution,  which  is  particularly  necessary 
with  solutions  of  the  carbides  since  they  often  contain  insoluble 
matter.  The  small  capillary  tube  extending  near  the  bottom  of 
the  flask  permits  the  use  of  a  small  stream  of  carbon  dioxide-free 
air  (obtained  by  passing  the  air  through  a  tower  filled  with  car¬ 
bon  dioxide  absorbent)  to  ensure  steady  distillation  and  freedom 
from  bumping.  The  construction  of  the  trap  is  particularly 
effective  in  preventing  carry-over  of  any  of  the  strong  sodium 
hydroxide  solution. 


SOLUTIONS  REQUIRED 

Ammonia-Fbee  Water  prepared  over  Devarda’s  alloy  (4)- 

Selenium  Oxychloride  Solution,  1.2%  in  concentrated  sul¬ 
furic  acid,  specific  gravity  1.84. 

Tartaric  Acid,  50%,  prepared  with  ammonia-free  water. 

Sodium  Hydroxide  Solution,  60%.  Dissolve  600  grams  of 
the  reagent  in  1000  ml.  of  distilled  water  and  digest  overnight 
on  the  water  bath  with  a  zinc-copper  couple. 

Sodium  Hydroxide,  0.01  N.  Standardize  against  Bureau  of 
Standards  acid  potassium  phthalate,  No.  84. 

Sulfuric  Acid,  0.01  N.  Standardize  against  0.01  N  sodium 
hydroxide. 

Methyl  Red  Indicator  Solution,  0.1%  in  95%  ethyl  alcohol. 

For  higher  nitrogen  contents  0.1  N  sodium  hydroxide  and  sul¬ 
furic  acid  prepared  in  the  same  manner  are  used. 

PROCEDURE 

The  material  to  be  analyzed  should  be  as  finely  divided  as 
possible,  and  in  any  case  under  200  mesh.  This  may  be  readily 
accomplished  by  grinding  the  material  in  a  motor-driven  mortar 
and  pestle  fitted  with  cemented  carbide  insert  and  tip,  respec¬ 
tively.  The  composition  used  should  be  of  the  straight  tungsten 
carbide  type  to  minimize  contamination. 

Transfer  a  carefully  weighed  1.0-gram  sample  to  a  dry  250  ml. 
Erlenmeyer  flask  and  add  15  grams  of  potassium  bisulfate,  re¬ 
agent  grade,  30  ml.  of  sulfuric  acid,  and  1  ml.  of  selenium  oxy¬ 
chloride  solution.  Place  the  flask  on  a  hot  plate  regulated  at  a 
temperature  to  keep  the  solution  just  fuming,  and  invert  a  small 
beaker  over  the  neck  of  the  flask.  In  this  way  fuming  can  be  con- 


Tablc  II. 

Material 

Tungsten  carbide  +  ammonium 
sulfate  solution0 
Titanium  carbide 

Tungsten  carbide  1 
Tungsten  carbide  2 

Titanium  nitride 
Cemented  carbide  composition 


°  Equivalent  to  2.067%  nitrogen. 


Typical  Results 

General  Composition  N2  Found,  % 


2.056 

0.982 

0.978 

0.127 

0.113 

0.119 

0.122 

0.119 

0.122 

0.121 

0.121 

16.24 

16.19 


W  +  Ti  +  Cb  +  Ta  0.0252 

0.0252 

W  +  Ti  +  Cb  +  Ta  0.0258 

0.0258 

W  +  high  Ti  0.35 

W  +  low  Ti  0.11 

0.11 


tinued  for  many  hours  without  replenishing  the  acid.  Continue 
the  heating  until  solution  is  complete  and  cool  to  room  tempera¬ 
ture.  Any  undissolved  residue  may  be  readily  detected  by  ob¬ 
serving  whether  black  residue  remains  when  the  flask  is  swirled. 
Carefully  add  50  ml.  of  50%  tartaric  acid  solution  and  then  75  ml. 
of  ammonia-free  water.  Boil  gently  for  5  minutes  or  until  all 
soluble  salts  are  dissolved. 

When  solution  is  nearly  complete,  prepare  the  distillation  ap¬ 
paratus.  Rinse  out  the  entire  distillation  flask  assembly  with 
ordinary  distilled  water  and  measure  150  ml.  of  60%  sodium  hy¬ 
droxide  solution  into  the  flask.  Add  400  ml.  of  distilled  water 
and  assemble  the  apparatus.  Place  a  300-ml.  Erlenmeyer  flask 
under  the  condenser  outlet  tube  and  start  a  gentle  stream  of  air 
through  the  apparatus.  Then  apply  the  heat  and  continue  to 
heat  at  as  rapid  a  rate  as  is  consistent  with  the  operation  of  the 
trap  until  150  to  200  ml.  of  distillate  have  been  collected.  Re¬ 
move  the  flask  and  discard.  Rinse  the  outlet  tube  dowm  with 
ammonia-free  wrater,  place  under  the  outlet  tube  a  flask,  rinsed 
with  ammonia-free  water,  to  w7hich  a  few  drops  of  methyl  red 
indicator  solution  have  been  added,  and  distill  over  50  ml.  If 
the  indicator  remains  pink  the  system  is  free  of  ammonia  and 
distillation  of  the  sample  may  proceed. 

Remove  the  heat  from  the  distillation  flask,  remove  the  col¬ 
lecting  flask,  and  substitute  another  rinsed  flask  into  vilich  5  ml. 
of  0.01  N  sulfuric  acid  (or  0.1  N)  have  been  pipetted.  Also  add 
4  drops  of  methyl  red  indicator  solution  to  the  flask.  Increase 
the  air  flow  slightly  and  transfer  the  solution  of  the  sample  to  the 
funnel.  Slowly  open  the  funnel  stopcock  and  allow7  the  solution 
to  flow7  into  the  flask  at  such  a  rate  that  the  reaction  is  not  too 
violent  with  resultant  splashing  of  the  solution  into  the  trap. 
Some  dilution  of  the  sample  solution  may  be  desirable.  When 
the  solution  is  all  transferred,  rinse  the  sample  flask  and  funnel 
three  times  with  ammonia-free  w7ater,  finally  adding  a  total  of 
500  ml.  Replace  the  flame,  slow  the  air  stream  somewhat,  and 
proceed  with  the  distillation.  Observe  the  receiver  for  any 
evidence  of  neutralization  of  the  acid  and  add  more  by  pipet  as 
needed  to  keep  the  indicator  pink.  When  200  ml.  of  distillate 
have  been  collected,  remove  the  flask  from  the  outlet  tube  while 
rinsing  it  down  with  ammonia-free  water. 

Titrate  the  excess  sulfuric  acid  with  0.01  N  sodium  hydroxide 
(or  0.1  N)  until  the  pink  color  just  disappears.  Add  2  more  drops 
of  methyl  red  indicator  solution  and  continue  titrating  to  a  full 
yellow  color. 

Carry  a  blank  using  the  same  volume  as  in  a  sample  run  through 
all  steps  of  the  operation  except  the  fuming. 

On  a  1-gram  sample,  1  ml.  of  0.01  N  sulfuric  acid  used  to  ab¬ 
sorb  ammonia  is  equivalent  to  0.0140%  nitrogen  in  the  sample. 

RESULTS 

Typical  results  obtained  (Table  II)  show7  clearly  that  the  repro¬ 
ducibility  is  excellent  and  that  added  knowrn  amounts  of  ammonia 
are  recovered.  Unfortunately,  there  are  as  yet  no  standards 
available  for  this  class  of  materials,  so  that  the  procedure  could 
not  be  tested  in  this  manner. 

In  lieu  of  the  use  of  standards,  some  confirmatory  results  are 
included.  Tungsten  carbide  is  shown  not  to  contain  much  ni¬ 
tride  and  this  confirms  the  statement  made  by  Kieffer  and  Hotop 
(1)  that  tungsten  does  not  form  nitrides  below  2300°  C.  Tan¬ 
talum  and  columbium  might  be  expected  to  behave  similarly. 
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Hence,  titanium  is  the  greatest  source  of  nitrogen  in  these  com¬ 
positions  and  the  results  show  that  titanium  nitride  is  decom¬ 
posed,  so  that  even  were  the  sample  not  completely  decomposed, 
the  nitride  would  be  recovered. 

ACKNOWLEDGMENT 

The  authors  wish  to  thank  Chester  M.  Alter  of  the  Boston 
University  Graduate  School,  Boston,  Mass.,  and  Metal  Hydrides, 
Inc.,  of  America,  for  supplying  the  sample  of  titanium  nitride. 


LITERATURE  CITED 

(1)  Kieffer,  R.,  and  Hotop,  W.t  “Pulvermetallurgie  und  Sinterwerk- 

stoffe”,  p.  238,  Berlin,  Springer-Verlag,  1943.. 

(2)  Lundell,  Hoffman,  and  Bright,  “Chemical  Analysis  of  Iron  and 

Steel”,  New  York,  John  Wiley  &  Sons  Co.,  1931. 

(3)  Phragmen,  G.,  and  Treje,  R.,  Jernkontorets  Ann.,  124,  511-35 

(1940). 

(4)  U.  S.  Steel  Corp.,  Chemists  of  Subsidiary  Companies,  “Sampling 

and  Analysis  of  Carbon  and  Alloy  Steels”,  New  York,  Rein¬ 
hold  Publishing  Corp.,  1938. 


Evaluation  of  Dispersions  by  a  Novel  Rheological  Method 


FREDERICK  K.  DANIEL  AND  PAULINE  GOLDMAN,  Horn-Kem  Corporation,  Long  Island  City,  N.  Y. 


A  technique  for  the  rapid  evaluation  of  dispersions  and  dispersing 
agents  is  presented.  The  test  comprises  mixing  the  dry  powder 
with  the  dispersing  solution,  measuring  the  amount  of  liquid  re¬ 
quired  to  produce  two  characteristic  and  reproducible  consistencies, 
and  observing  the  rheological  phenomena  of  the  mixture.  A  good 
dispersion  displays  active  dilatancy  at  high  powder  concentrations. 
A  poor  dispersion  or  flocculate  is  plastic  over  a  wide  range  of  con¬ 
centrations  and  never  displays  any  flow  tendencies.  A  fair  disper¬ 
sion  displays  passive  dilatancy  at  high  concentrations  and  visible 
thixotropy  at  lower  powder  concentrations. 

FINELY  subdivided  insoluble  solids  such  as  pigments  display 
widely  different  characteristics  when  mixed  with  relatively 
small  amounts  of  liquid.  The  fact  that  it  requires  more  liquid 
to  moisten  some  pigments  than  to  moisten  others  is  the  basis  of 
the  oil  absorption  test  ( 6 )  commonly  used  in  the  paint  and  allied 
industries.-  It  is  likewise  known  that  the  consistency  of  a  given 
powder-liquid  system  can  be  changed  by  dispersing  (deflocculat- 
ing)  the  clusters  of  powder  particles  present  in  the  mixture.  De¬ 
flocculation  is  accompanied  by  such  a  sharp  reduction  in  yield 
value  that  a  stiff  paste  becomes  fluid  (7).  Consequently  a  paste 
of  higher  powder  concentration  can  be  produced  in  a  dispersed 
than  in  a  flocculated  system. 

As  used  in  this  paper  the  term  “dispersion”  denotes  a  powder- 
liquid  system  in  which  the  primary  particles  are  largely  independ¬ 
ent  of  each  other.  Used  in  this  manner  its  meaning  is  not  identi¬ 
cal  with  the  generic  term,  “dispersion”,  often  applied  to  any  two- 
phase  system,  flocculated  or  otherwise.  A  “flocculate”  denotes  a 
powder-liquid  system  in  which  the  primary  powder  particles  are 
held  together  in  clusters  by  adhesion  tension  (1,  8).  Clear  dis¬ 
tinction  is  made  in  this  paper  between  “dispersing  agents”  which 
serve  the  function  of  deflocculating  or  dispersing  flocculated  sys¬ 
tems,  and  “wetting  agents”  whose  function  it  is  to  aid  in  wetting 
water-repellent  particles  by  a  mechanism  of  lowering  surface  and 
interfacial  tension. 

The  authors  have  studied  more  closely  the  changes  in  consist¬ 
ency  brought  about  by  variations  in  the  state  of  flocculation  or 
deflocculation  (dispersion)  of  a  concentrated  powder-liquid  sys¬ 
tem.  Like  Fischer  and  Jerome  ( 8 ),  they  find  that  qualitative 
and  quantitative  differences  in  the  rheological  behavior  (consist¬ 
ency)  of  the  mixture  are  so  pronounced  and  typical  that  these 
characteristics,  in  turn,  can  be  used  as  a  measure  of  dispersion. 

Based  on  this  observation,  a  simple  and  comprehensive  tech¬ 
nique  for  evaluating  dispersions  and  dispersing  agents  has  been 
developed.  Such  a  method  should  be  welcome  to  those  active  in 
the  field  of  dispersion  where,  at  present,  guesswork  in  evaluating 
dispersions  is  often  used  for  want  of  a  simple  and  quick  testing 
method. 

SCOPE 

The  method  of  testing  for  dispersion  here  presented  applies  to 
dry,  insoluble  powders  incorporated  into  a  continuous  liquid 


phase.  (Powders  which  swell  in  the  liquid  medium,  such  as  clays 
in  water,  can  be  tested  only  after  they  reach  their  swelling  equi¬ 
librium.  The  results  must  be  interpreted  with  caution.)  The  test 
comprises  mixing  the  powder  with  the  dispersing  solution,  meas¬ 
uring  the  amount  of  liquid  required  to  produce  two  characteris¬ 
tic  and  reproducible  consistencies,  the  “wet  point”  and  the  “flow 
point”,  and  observing  the  attendant  rheological  properties  of  the 
mixture.  Thus  far,  the  test  has  been  used  chiefly  for  aqueous 
systems,  and  the  present  paper  deals  with  this  method  of  testing 
for  dispersion  only  as  it  applies  to  aqueous  systems.  However, 
with  but  minor  modifications,  the  test  can  be  used  for  nonaqueous 
systems  as  well.  In  some  of  its  aspects  it  is  an  art  more  than  a 
scientific  method.  Its  chief  limitation  is  that  it  tests  dispersions 
at  high  concentration,  and  the  results  cannot  always  be  applied  to 
more  dilute  dispersions.  However,  discrepancies  between  the 
degree  of  deflocculation  of  such  mixtures  at  high  and  at  low  con¬ 
centration  seem  to  be  the  exception  rather  than  the  rule. 

RHEOLOGICAL  DESCRIPTION 

The  rheological  behavior  of  concentrated  powder-liquid  sys¬ 
tems  falls  into  three  distinct,  recognizable  groups,  depending  on 
whether  the  powder  is  flocculated,  well  dispersed,  or  only  partly 
dispersed. 

Flocculates.  As  a  liquid  is  gradually  combined  with  a  pow¬ 
der,  the  mixture  becomes  dull  in  appearance  and  puttylike  in  con¬ 
sistency  (see  Figure  1,  upper  photo).  As  more  liquid  is  added,  the 
system  remains  dull  and  displays  adhesive  qualities  which  cause 
sharp  peaks  to  appear  during  kneading.  With  continued  addi¬ 
tions  of  liquid,  the  mixture  becomes  proportionately  softer,  but 
remains  dull  in  appearance  even  upon  tapping  or  patting.  Fi¬ 
nally,  as  still  more  liquid  is  added,  the  mixture  reaches  a  stage 
where,  though  pastelike,  it  falls  or  drops  under  its  own  weight 
from  a  vertically  held  spatula.  This  plastic  flow  behavior  with  a 
pronounced  yield  value  over  a  wide  range  of  concentrations  is 
characteristic  of  flocculates  or  poor  dispersions. 

Good  Dispersions.  As  the  liquid  is  combined  with  the  pow¬ 
der,  the  mixture  displays  great  resistance  to  sudden  pressure  or 
to  kneading,  turning  dull  and  ridged  in  appearance.  Yet  a  few 
moments  afterwards  the  same  material  coalesces,  becomes  glossy 
and  smooth,  and  flows  of  its  own  accord  if  left  undisturbed  (see 
Figure  1,  center  photo).  Even  when  the  flow — from  a  spatula, 
for  instance — is  slow,  owing  to  a  very  high  concentration  of  pow¬ 
der,  the  falling  material  spreads  out  on  a  glass  plate  in  a  glossy 
pool.  At  slightly  lower  concentrations  of  powder,  the  material 
becomes  much  more  fluid,  running  off  in  long,  fine  strings  from  a 
horizontal  spatula,  yet  offers  a  high  resistance  to  sudden  thrusts 
with  a  knife.  This  phenomenon  is  called  “active  dilatancy”  (4) 
and  it  is  indicative  of  a  high  degree  of  dispersion  ( 2 ,  5).  Active 
dilatancy  is  observed  in  powder-liquid  systems  of  high  powder 
concentration  only.  A  small  additional  amount  of  liquid  will  turn 
such  a  mixture  into  a  mobile  fluid.  In  the  dilatancy  range,  the 
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quality  of  the  dispersion  can  be  Judged  by  the  degree  of  spontane¬ 
ous  flow.  The  longer  and  finer  the  honeylike  strings  of  the  mix¬ 
ture,  with  a  given  powder  at  a  given  concentration,  the  better  the 
dispersion. 

Fair  Dispersions.  As  the  liquid  is  gradually  combined  with 
the  powder,  the  resultant  mixture  appears  dull,  as  is  likewise  true 
in  a  flocculate.  Yet  when  gently  tapped,  the  material  turns, 
glossy  and  begins  to  flow,  but  ceases  its  flow  as  soon  as  the  disturb¬ 
ance  is  discontinued  (see  Figure  1,  lower  photo).  This  phenom¬ 
enon  is  called  “passive  dilatancy”  (4).  When  more  liquid  is 


Figure  1.  Powder-Liquid  Dispersions 

Upper.  Mixture  of  85%  water  and  15%  powder  by  volume.  Plastic,  poor  dis¬ 
persion 

Center.  Mixture  of  60%  dispersing  agent  solution  and  40%  powder  by  volume. 
Actively  dilatant,  good  dispersion 

Lower.  Mixture  of  65%  dispersing  agent  solution  and  35%  powder  by  volume. 
Passively  dilatant,  fair  dispersion 


added,  the  material  loses  its  resistance,  and  when  agitated,  seems 
mobile.  Yet  when  left  undisturbed,  it  sets — i.e.,  it  is  visibly  thixo¬ 
tropic  ( 9 )  and  displays  the  reversible  isothermal  sol-gel  trans¬ 
formation  which  characterizes  all  thixotropic  systems.  When 
dropped,  it  shows  the  rounded  peaks  and  craters  typical  of  such 
systems.  Even  when  rather  dilute,  it  will  neither  flow  in  strings 
nor  spread  out  in  a  thin  layer  when  poured  onto  a  glass  plate. 

RELATIONSHIP  OF  GOOD,  FAIR,  AND  POOR  DISPERSIONS 

While  concentrated  powder-liquid  systems  show  the  three  gen¬ 
eral  types  of  rheological  behavior  outlined  above,  no  sharp  line 
of  demarkation  between  these  groups  exists.  In  fact,  even  within 
the  same  powder-liquid  system,  there  may  be  produced — with  an 
electrolyte,  for  instance — a  continuous  change  from  good  disper¬ 
sion  (complete  deflocculation)  on  one  end  of  the  scale,  to  com¬ 
plete  flocculation  or  poor  dispersion  on  the  other  end  of  the 
scale.  This  transition  is  accompanied  by  a  corresponding  change 
in  rheological  properties,  both  dilatancy  and  thixotropy. 

If  thixotropy  be  defined  in  terms  of  time  of  solidification  (4),  a 
poorly  dispersed,  plastic  suspension  may  be  regarded  as  an  ex¬ 
treme  case  of  thixotropy — viz.,  one  in  which  the  time  of  solidifi¬ 
cation  is  infinitely  short  and  therefore  thixotropy  cannot  be  meas¬ 
ured  directly.  At  the  other  end  of  the  scale,  a  good  dispersion 
may  be  regarded  as  a  thixotropic  system  in  which  the  time  of  so¬ 
lidification  is  too  long  to  be  measured.  In  intermediate  states, 
however,  the  association  of  particles  takes  place  in  measurable 
time  intervals — e.g.,  in  minutes.  In  these  cases  the  time  of  solidi¬ 
fication  becomes  tangible  and  thixotropy  clearly  noticeable. 

The  time  of  solidification  of  a  suspension  depends  not  on  the 
degree  of  deflocculation  alone,  but  also  on  concentration.  In  a 
given  system,  the  time  of  solidification  at  high  powder  concentra¬ 
tion  is  always  shorter  than  at  lower  concentrations.  Hence  the 
concentrated  powder-liquid  systems  described  above,  which  stop 
flowing  when  vibration  ceases,  at  lower  concentrations  turn  visi¬ 
bly  thixotropic — i.e.,  they  will  require  many  seconds  or  some 
minutes  to  set  up.  Passive  dilatancy  is  merely  a  case  of  a  rapid 
sol-gel  transformation  superimposed  on  dilatant  flow. 

Passive  dilatancy  at  high  powder  concentration  and  visible 
thixotropy  at  lower  powder  concentration  are  indicative  of  a 
state  intermediate  between  flocculation  and  dispersion.  The  re¬ 
sidual  forces  between  particles  are  strong  enough  to  set  up  a  loose 
network  of  particles,  yet  minor  external  forces  are  sufficient  to 
break  down  the  structure  and  to  permit  the  particles  or  small  clus¬ 
ters  of  particles,  at  least  temporarily,  to  be  independent  of  each 
other.  This  state  of  conditional  dispersion  is  designated  here  as 
*  “fair  dispersion”. 

For  practical  purposes — for  maintaining  a  stable  suspension, 
for  instance — a  system  displaying  some  thixotropy  is  often  pref¬ 
erable  to  a  good  dispersion  displaying  no  thixotropy  because  a 
slight  gelling  of  the  system  prevents  the  settling  and  hard  caking 
of  the  powder. 

EXPERIMENTAL  PROCEDURE 

Different  though  their  rheological  properties  be,  two  character¬ 
istic  consistencies  can  be  produced  in  any  concentrated  powder- 
liquid  system.  These  consistencies,  “wet  point”  and  “flow  point” 
are  wholly  arbitrary  but  are  easily  reproducible  and  can,  there¬ 
fore,  be  used  conveniently  as  markers.  The  wet  point  is  defined 
as  that  stage  in  the  moistening  of  a  powder  where  the  minimum 
amount  of  liquid  is  used  to  form  a  coherent  mass.  [The  wet  point 
corresponds  roughly  to  the  end  point  of  the  oil  absorption  test 
which  measures  the  amount  of  oil  required  by  a  specified  amount 
of  pigment  to  form  a  paste  (ff).  ]  The  flow  point  is  defined  as  that 
stage  in  the  moistening  of  a  powder  where  the  minimum  amount 
of  liquid  is  used  which  will  cause  all  or  a  substantial  part  of  the 
powder-liquid  mixture  to  flow  or  fall  repeatedly  from  the  vertical 
blade  of  a  horizontally  held  spatula.  The  test  is  based  on  deter¬ 
mining  the  amount  of  liquid  required  at  the  wet  point  and  at  the 
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flow  point  and  observing  the  rheological  characteristics  at  and 
between  the  two  points. 

Equipment.  A  glass  plate,  preferably  a  thick,  round  plate 
about  20  cm.  (8  inches)  or  more  in  diameter. 

A  stainless  steel  spatula,  preferably  one  with  a  broad,  short,  not 
too  flexible  blade — e.g.,  10  cm.  (4  inches  long)  and  3.1  cm.  (1.25 
inches)  wide. 

A  buret  with  subdivisions  of  0. 1  cc. 

A  balance  with  accuracy  of  0.1  gram. 

Wet  Point  Determination.  Weigh  out  the  powder  to  be 
dispersed.  If  it  is  bulky  and  light,  use  10  grams;  if  it  is  dense  and 
heavy,  use  20  grams.  Place  the  powder  on  a  glass  plate  and  make 
a  crater  in  the  center  of  the  powder.  From  a  buret  add  some  dis¬ 
persing  solution  to  the  powder,  running  it  into  the  crater  until 
a  little  pool  forms.  Cover  the  pool  with  dry  powder  from  the  pe¬ 
riphery  and  wait  a  few  seconds  until  the  liquid  has  soaked  in. 
Then  start  kneading  vigorously  with  the  spatula  until  as  much 
powder  as  possible  has  been  wet.  Where  a  water-repellent  pow¬ 
der — e.g.,  sulfur — is  to  be  dispersed  it  may  be  advisable  to  use  a 
wetting  agent  in  conjunction  with  the  dispersing  agent,  as  would 
be  necessary  in  actual  production.  If  a  large  proportion  of  the 
powder  still  remains  dry,  add  more  solution  from  the  buret  in  an 
amount  estimated  to  wet  nearly  all  the  remaining  dry  powder. 

When  the  point  is  reached  where  nearly  all  the  powder  is  mois¬ 
tened,  interrupt  the  kneading  action  and  scrape  the  material  to¬ 
gether  into  one  heap  and  try  by  patting,  pressing,  and  troweling 
with  the  spatula  to  form  a  moist,  coherent  mass.  As  that  point  is 
approached,  add  the  solution  dropwise  with  intermittent  knead¬ 
ing  and  patting,  so  as  not  to  overshoot  the  point  where  just 
enough  and  no  more  liquid  is  present  to  form  all  the  powder  into 
a  coherent  mass.  Since  the  amount  of  liquid  required  at  this 
point,  the  wet  point,  varies  widely  with  different  powders,  an  in¬ 
experienced  operator  may,  at  first,  overshoot  it  and  have  to  re¬ 
peat  the  test,  but  with  a  little  experience  he  will  learn  to  ap¬ 
proach  the  wet  point  rapidly  'and  then  reach  it  with  a  few  more 
drops. 

Flow  Point  Determination.  After  recording  the  volume  of 
liquid  needed  to  produce  the  wet  point,  add  more  dispersing  solu¬ 
tion  dropwise  and  continue  the  kneading  throughout  until 
the  flow  point  is  reached  and  the  requisite  amount  of  liquid  like¬ 
wise  recorded. 

For  well-dispersed  systems  the  flow  point  is  defined  as  the  stage 
where  a  substantial  portion  of  the  material  first  flows  off  a  ver¬ 
tically  held  spatula  blade  without  producing  jagged  flow  edges. 
Zinc  oxide  or  barium  sulfate  dispersed  with  dialyzed  waste  sulfite 
liquor,  in  aqueous  systems,  and  titanium  dioxide  dispersed  with  a 
5%  solution  of  a  short  oil  oxidizing  type  alkyd  in  xylene,  in  non- 
aqueous  systems,  are  good  examples  of  this  type  of  system. 

The  most  characteristic  feature  of  good  dispersions  is  that  here 
the  flow  point  lies  very  close  to  the  wet  point.  The  better  the  dis¬ 
persion,  the  narrower  the  gap  between  the  two  points  until  in 
some  cases  the  wet  point  and  flow  point  become  practically  indis-  , 
tinguishable. 

For  poor  dispersions  or  for  out-and-out  flocculated  systems, 
the  flow  point  is  reached  when  the  paste  drops  off  the  vertically 
held  spatula  blade.  This  falling  or  dropping  off  is  clearly  different 
from  the  flow  of  good  dispersions.  Sometimes  the  whole  mass 
comes  off  at  once,  leaving  the  spatula  bare.  More  often,  an  ap¬ 
preciable  amount  of  the  mixture  remains  on  the  spatula.  An  ex¬ 
ample  of  a  flocculated  system  is  a  mixture  of  zinc  oxide  and  water, 
or,  in  nonaqueous  systems,  titanium  dioxide  in  xylene. 

In  poorly  dispersed  or  flocculated  systems,  the  gap  between  wet  • 
point  and  flow  point  is  very  nude — in  fact,  so  wide  that  sometimes 
the  test  is  discontinued  before  the  flow  point  is  reached. 

For  fair  dispersions,  the  flow  point  is  harder  to  define  and  less 
reproducible  than  for  either  well  or  poorly  dispersed  systems. 
The  material  never  really  flows  spontaneously  but  drops.  Yet  just 
as  it  breaks  away  from  the  spatula,  it  shows  an  elongation  along 
the  edge  as  though  it  were  going  to  flow.  The  phenomenon  is  hard 
to  describe  but  is  easily  recognized  after  a  little  experience.  Usu¬ 
ally,  only  part  of  the  dispersion  on  the  spatula  comes  off,  espe¬ 
cially  if  not  all  the  material  has  been  scraped  up  at  the  same  time. 
This  is  due  to  the  thixotropic  character  mentioned  above,  which 
introduces  a  time  factor  and  also  makes  the  flow  point  vary  some¬ 
what  with  the  kind  of  kneading  and  mixing  action  given  to  the 


material.  Often,  by  the  time  the  first  part  of  the  material  has  left 
the  spatula,  the  rest  has  set  up.  An  example  of  a  fair  dispersion 
is  a  mixture  of  a  rutile  type  titanium  dioxide  in  a  solution  of  dia¬ 
lyzed  waste  sulfite  liquor. 

The  gap  between  wet  point  and  flow  point  in  fair  dispersions  is 
wide  enough  to  be  measured  easily — in  fact,  sometimes  it  is  so 
wide  that  one  may  think  the  system  is  flocculated.  To  decide  defi¬ 
nitely  whether  it  is  dispersed  or  not,  the  tapping  test  mentioned 
below  should  be  made  in  all  cases  where  the  addition  of  a  small 
amount  of  liquid  to  the  wet  paste  does  not  produce  flow  point 
consistency — i.e.,  in  all  except  actively  dilatant  systems. 

Tapping  at  Intermediate  Stage.  When  about  10  to  20%  more 
liquid  than  the  amount  required  at  the  wet  point  has  been  added 
and  the  material  does  not  flow  but  remains  dull  and  merely  be¬ 
comes  softer,  some  of  it  is  placed  at  the  tip  of  a  horizontally  held 
spatula.  The  horizontal  blade  is  tapped  repeatedly,  gently  at 
first  and  if  this  is  not  sufficient  to  cause  the  material  to  move,  more 
vigorously,  near  the  handle  with  the  index  finger  of  the  other  hand. 
If  the  mixture  turns  glossy  and  flows  over  the  edges  of  the  blade 
in  bands  or  strings  when  so  tapped  and  flow  is  arrested  in  mid¬ 
air  when  tapping  ceases,  the  material  is  passively  dilatant  (see 
Figure  1,  lower).  It  is  partly  dispersed,  or  at  least  it  can  easily 
be  made  to  disperse  by  such  means  as  dilution  and  agitation,  even 
though  for  a  limited  period  of  time  only.  However,  if  the  ma¬ 
terial  stays  on  the  spatula  and  rises  on  it  in  scroll-like  form  or 
otherwise  tends  to  decrease  its  surface  area  in  contact  with  the 
blade,  it  is  flocculated  or  contains  some  flocculated  material  in 
appreciable  amount. 

CHARACTERISTICS  OF  POWDER-DISPERSING  SOLUTION  MIXTURES 

Good  Dispersions 

1.  At  the  Wet  Point 

a.  Shine  without  tapping  or  upon  light  tapping 

b.  Are  dry  and  hard  to  knead 

2.  At  the  Intermediate  Stage  (defined  as  that  mixture  which 

contains  about  10  to  20%  more  liquid  than  the  wet  point 
and  has  not  reached  flow  point) 

a.  Lack  distinct  intermediate  stage 

3.  At  the  Flow  Point 

a.  Flow  without  tapping 

b.  Offer  resistance  to  sudden  pressure 

4.  Have  a  very  small  gap  between  wet  point  and  flow  point 

Fair  Dispersions 

1.  At  the  W et  Point 

a.  Shine  on  sharp  tapping 

2.  At  the  Intermediate  Stage 

a.  Flow  on  tapping  only 

b.  Show  some  resistance  to  sudden  pressure  occasionally 

3.  At  the  Flow  Point 

a.  Fall  with  elongation  at  the  breaking  line 

b.  Show  no  resistance  to  sudden  pressure 

c.  Show  visible  thixotropy 

Poor  Dispersions  and  Flocculates 

1.  At  the  Wet  Point 

a.  Remain  dull  even  on  tapping 

2.  At  the  Intermediate  Stage 

a.  Rise  on  tapping 

b.  Show  no  resistance  to  sudden  pressure 

c.  Possess  marked  plasticity  (high  yield  value) 

3.  At  the  Flow  Point 

a.  Fall  without  elongation  at  breaking  point 

4.  Have  a  very  large  gap  between  wet  point  and  flow  point 

EVALUATION 

With  the  above-described  testing  procedure  all  pertinent  in¬ 
formation  as  to  the  quality  of  the  dispersion  and  the  quality  and 
quantity  of  the  dispersing  agent  needed  can  be  obtained. 

As  a  first  step,  every  new  powder  to  be  tested  becomes  subject 
to  a  preliminary  test  with  pure  water  instead  of  dispersing  solu¬ 
tion.  This  blank  test  will  establish : 

1.  Whether  the  powder  wets  easily  or  requires  the  use  of  a 
combination  dispersing-wetting  agent 

2.  Whether  the  powder  is  flocculated  or,  like  starch,  for  in¬ 
stance,  has  self-dispersing  qualities.  In  the  latter  case,  dispersing 
agents  can  be  expected  to  have  a  limited  effect,  if  any,  while  in 
flocculated  systems  pronounced  changes  can  be  brought  about  by 
the  use  of  suitable  dispersing  agents. 
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Table  I.  Effect  of  Several  Dispersing  Agents  on  Some  Representative  Pigments 


Dispersing  Agent _  Pigment 


Pigment 

Concen- 

Rheological 

Dispersion 

Concentration  at 

(20  Grams) 

Description 

tration 

Wet  Point 

Flow  Point 

Difference 

Behavior 

Quality 

Flow  Point 

% 

Cc. 

Cc. 

Cc. 

%  by  volume 

ZnO° 

Water 

6.3 

20.9 

14.6 

Rises  on  tapping 

Poor 

14.9 

Dialyzed  waste  sulfite  liquor 

2 

5.3 

6.1 

0.8 

Flows  on  tapping 

Fair 

37.5 

3 

4.8 

5.4 

0.6 

Flows 

Good 

40.3 

5 

5.2 

5.4 

0.2 

Flows 

Good 

40.3 

7 

5.1 

5.4 

0.3 

Flows 

Good 

40.3 

Ti02*> 

Water 

9.0 

16.9 

7.9 

Rises  on  tapping 

Poor 

21.8 

Dialyzed  waste  sulfite  liquor 

2 

8.6 

10.6 

2.0 

Flows  on  tapping 

Fair 

30.7 

3 

8.5 

9.8 

1.3 

Flows  on  tapping 

Fair 

32.4 

5 

8.0 

9.3 

1.3 

Flows  on  tapping 

Fair 

33.5 

7 

8.3 

9.7 

1.4 

Flows  on  tapping 

Fair 

32.6 

Sodium  salt  of  polymerized  polyaryl  sul- 

3 

8.9 

12.2 

3.3 

Rises  on  tapping 

Poor 

27.8 

fonic  acids 

5 

8.4 

11.8 

3.4 

Rises  on  tapping 

Poor 

28.4 

FeiOs5 

Water 

6.2 

19.4 

13.2 

Rises  on  tapping 

Poor 

16.7 

Dialyzed  ■waste  sulfite  liquor 

5 

6.1 

7.1 

1.0 

Flows 

Good 

35.4 

Modified  glucoside  extract 

5 

6.1 

9.3 

3.2 

Rises  on  tapping 

Poor 

29.5 

PbCrCM 

Water 

6.4 

13.7 

7.3 

Rises  on  tapping 

Poor 

19.5 

Modified  glucoside  extract 

5 

6.2 

8.3 

2.1 

Flows 

Good 

28.5 

Sodium  salt  of  sulfonated  condensed 

5 

6.2 

10.0 

3.8 

Rises  on  t&pping 

Poor 

24.9 

naphthalene 

Furnace  black5 

Water 

24.7 

35.7 

11.0 

Rises  on  tapping 

Poor 

23.7 

Modified  glucoside  extract 

3 

20.2 

21.5 

1.3 

Flows 

Good 

34.1 

5 

19.4 

24.7 

5.3 

Flows  on  tapping 

Fair 

31.0 

• 

7 

19.2 

29.9 

10.7 

Flows  on  tapping 

Fair 

27.1 

Carbon  black/ 

Water 

34.6 

67.4 

32.8 

Rises  on  tapping 

Poor 

14.1 

Modified  glucoside  extract 

5 

28.0 

29.0 

1.0 

Flows  on  tapping 

Fair 

27.7 

10 

28.8 

30.8 

2.0 

Flows  on  tapping 

Fair 

26.5 

BaSQi8 

Water 

6.5 

12.2 

5.7 

Rises  on  tapping 

Poor 

27.6 

Sodium  salt  of  sulfonated  condensed 

5 

5.7 

6.7 

1.0 

Flows 

Good 

41.0 

naphthalene 

Hansa  yellow^ 

Water 

19.2 

45.8 

26.6 

Rises  on  tapping 

Poor 

23.9 

Dialyzed  waste  sulfite  liquor  -f-  wetting 

5 

17.0 

19.8 

2.8 

Flows 

Good 

42.1 

agents 


a  Zinc  oxide,  lead-free,  592  American  Process,  New  Jersey  Zinc  Co. 

*  Titanium  dioxide,  pure,  rutile,  350-OR,  United  Color  &  Pigment  Corp. 
c  Iron  oxide,  precipitated,  C.  K.  Williams  &  Co. 
d  Lead  chromate,  medium,  c.p.,  United  Color  &  Pigment  Corp. 


e  Furnace  black,  Furnex,  Binney  Smith  Co. 

/  Carbon  black,  Raven  15  Black,  Binney  &  Smith  Co. 

0  Barium  sulfate,  precipitated,  C.  J.  Osborn  Co. 

Hansa  Yellow,  Horicon  X-1351,  Imperial  Paper  &  Color  Corp. 


Steps  in  Evaluation.  A.  Which  of  a  number  of  dispersing 
agents  produces  the  best  dispersion  with  a  given  powder? 

A  single  test  with  a  solution  of  5%  concentration  is  generally 
sufficient  to  answer  this  question.  The  agent  which  requires  the 
smallest  amount  of  liquid  to  go  from  wet  point  to  flow  point  and 
displays  the  highest  degree  of  dilatancy  for  a  given  powder  is, 
as  a  rule,  the  most  powerful  dispersing  agent.  Final  judgment, 
however,  should  be  reserved  until  at  least  three  determinations  at 
different  concentrations  of  dispersing  agent  have  been  made. 

In  many  cases,  too,  the  total  amount  of  liquid  used  at  the  wet 
point  and  flow  point  is  a  good  measure  of  dispersion.  The  less 
liquid  required  for  a  given  powder,  the  better  the  dispersion. 
"When  it  comes  to  a  close  comparison  of  several  good  dispersions, 
not  infrequently  an  agent  requiring  slightly  less  liquid  to  reach  the 
flow  point  shows  the  wider  gap  between  wet  point  and  flow  point 
and  less  dilatancy.  Careful  checks  against  other  dispersion  tests 
indicate  that  the  size  of  the  gap  and  the  rheological  behavior  are 
more  significant  as  to  degree  of  dispersion  at  high  powder  concen¬ 
tration  than  the  absolute  amount  of  liquid  required.  On  the 
whole,  however,  the  rheological  characteristics  of  a  mixture  con¬ 
form  to  the  concentration  rule,  according  to  which  the  better  dis¬ 
persion  requires  less  liquid  at  the  flow  point  than  the  poorer  dis¬ 
persion. 

B.  What  is  the  minimum  amount  of  dispersing  agent  needed  for 
optimum  dispersion  of  a  given  powder? 

This  is  determined  by  making  successive  tests,  each  test  with 
the  dispersing  solution  at  a  different  concentration.  By  going 
stepwise  from  excess  strength  to  insufficient  strength  of  solution 
and  measuring  in  each  case  the  amount  of  liquid  used  at  the  flow 
point,  data  are  provided  (Table  I)  for  a  curve  in  which  the 
amount  of  liquid  used  is  plotted  as  ordinate  and  the  concentra¬ 
tion  of  the  dispersing  agent  as  abscissa  (see  Figure  2). 

The  flow  point  curves  show  an  inflection  where  the  strength  of 
the  solution  becomes  insufficient  to  disperse  all  the  particles, 
and  sometimes  they  also  bend  upward  away  from  the  abscissa 
in  the  region  of  higher  concentration  of  the  dispersing  agent. 


This  means  that  in  some  cases  an  excess  as  wrell  as  a  deficiency  of 
dispersing  agent  can  be  detrimental  to  the  quality  of  the  disper¬ 
sion,  a  fact  which  underlines  the  necessity  of  making  a  quantita¬ 
tive  test  in  every  instance  and  not  drawing  conclusions  prema¬ 
turely  from  a  single  test.  This  is  clearly  shown  in  Table  I,  which 
demonstrates  the  effect  of  several  dispersing  agents  in  varying  con¬ 
centration  on  some  representative  pigments. 

Carbon  black  (Furnex  from  Binney  &  Smith)  dispersed  with  a 
7%  solution  of  a  modified  glucoside  extract  shows  passive  dila¬ 
tancy  and  fair  dispersion  and  with  a  3%  solution,  strong  active 
dilatancy  and  good  dispersion. 

Where  the  curve  runs  through  the  minimum,  or  wiiere  it  shows 
its  point  of  inflection,  there  lies  the  “optimum” — i.e.,  at  that  con¬ 
centration  the  best  possible  dispersion  can  be  produced  with  the 
least  amount  of  dispersing  agent.  (The  corresponding  wet  point 
curve  runs  more  nearly  as  a  straight  line,  indicating  that  the 
wet  point  is  almost  the  same  for  dispersed  as  for  undispersed  sys¬ 
tems  and  therefore  cannot  be  used  to  determine  the  optimum 
point.  However,  the  wet  point  curve  is  significant  as  a  point  of 
reference.  By  plotting  it  along  with  the  flow  point  curve,  the 
quality  of  the  dispersion  can  be  seen  at  a  glance.  The  better  the 
dispersion,  the  closer  the  two  curves  approach  each  other,  espe¬ 
cially  at  the  point  of  inflection.  The  absolute  amount  of  liquid 
required  at  wet  point  or  flow  point  is  not  characteristic  and 
varies  greatly  from  one  powder  to  the  next.)  Sometimes  there  is 
no  sharp  point  of  inflection;  instead,  the  curve  turns  upward 
gradually.  In  that  case  a  decision  must  be  made  as  to  how  much 
of  the  quality  of  the  dispersion  is  to  be  sacrificed  for  economy’s 
sake. 

Calculations.  With  the  data  obtained  from  the  curve 
one  can  easily  calculate  the  percentage  of  dispersing  agent  re¬ 
quired  for  best  dispersion — for  example,  where  20  grams  of  pow¬ 
der  are  used  in  the  test  and  the  point  of  inflection  lies  at  5.4  cc.  for 

a  3%  solution,  ^  '  -  or  0.162  gram  of  dispersing  agent  is  re¬ 

quired  for  20  grams  and  5  X  0.162  gram  or  0.810  gram  of  dispers- 
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Left.  Good  dispersion. 
Center.  Fair  dispersion. 
Right.  Poor  dispersion. 


20  grams  of  ZnO  dispersed  with  dialyzed  waste  sulfite  liquor 
20  grams  of  rutile  TiOi  dispersed  with  dialyzed  waste  sulfite  liquor 

20  grams  of  rutile  TiOs  dispersed  with  a  sodium  salt  of  polymerized  polyaryl  sulfonic  acid 


ing  agent  for  100  grams  of  the  powder.  For  accurate  calculations 
this  last  figure  should  be  multiplied  by  the  specific  gravity  of  the 
solution,  but  for  practical  purposes,  at  the  low  concentrations 
used,  the  difference  between  milliliters  and  grains  can  be  neg¬ 
lected. 

C.  What  is  the  highest  concentration  of  powder  that  can  be  ob¬ 
tained  in  a  dispersion  with  a  given  dispersing  agent  f 

This  can  likewise  be  calculated  from  the  flow  point  curve. 

Taking  the  amount  of  liquid,  X,  required  at  the  optimum 
point  for  an  amount  of  powder,  Y,  the  concentration  of  powder  in 

the  dispersion  is  f  ffi.  In  the  example  given  above,  the  con- 
21  +  i 

centration  would  be  * 


100% 


20  +  5  4  =  78'7%  by  weiSht  (40-3%  by 

volume).  In  other  words,  100  grams  of  dispersion  of  flow  point 
consistency  can  be  produced  with  78.7  grams  of  powder,  0.637 
gram  of  active  dispersing  agent,  and  20.7  grams  of  water. 

D.  What  is  the  effect  of  extraneous  substances  on  a  dispersion? 

Dispersions  are  very  sensitive  towards  extraneous  substances. 
The  adverse  effect  of  electrolytes  is  well  known  (2).  Polyvalent 
cations  and  acids  especially  will  flocculate  dispersions  of  the  com¬ 
mon  type  (negative  charge).  Not  so  well  known,  however,  is  the 
fact  that  many  wetting  agents  also  affect  the  dispersion  detri¬ 
mentally,  while  other  combinations  of  surface-active  compounds 
produce  a  greater  dispersing  effect  than  either  one  of  the  compo¬ 
nents.  To  make  things  still  more  complicated,  such  a  beneficial 
combination  may  disperse  nine  powders  very  well  and  flocculate 
the  tenth,  although  this  one  powder  is  chemically  closely  related 
to  the  others.  In  view  of  this  unpredictable  behavior  of  disper¬ 
sions,  it  is  essential  to  be  able  to  determine  the  influence  of  each 
component  separately. 

The  testing  procedure  is  as  follows: 

Prepare  about  50  grams  of  the  dispersion  at  flow  point  consist¬ 
ency,  using  the  dispersing  agent  which  has  been  found  most  ef¬ 
fective.  Take  a  small  part  of  that  dispersion,  add  a  few  drops 
of  one  of  the  other  liquid  components  in  question,  and  mix  with 
the  spatula.  If  the  rheological  characteristics  remain  unchanged 


flow  points -  or  the  mixture  becomes 

slightly  more  fluid  because 
of  the.  extra  amount  of 
liquid  added,  the  compound 
has  not  affected  the  state  of 
dispersion. 

If  the  liquid  added,  pref¬ 
erably  in  concentrated  solu¬ 
tion,  strongly  liquefies  the 
mixture,  it  has  a  dispersing 
effect.  If,  on  the  other  hand, 
the  dispersion  becomes  stiff er, 
dry,  and  loses  its  flow,  the 
added  substance  detrimen¬ 
tally  affects  the  dispersion. 

In  this  way,  the  influence 
of  each  of  the  liquid  com¬ 
ponents  is  quickly  determined 
with  a  small  portion  of  the 
original  mixture  and  the 
formulation  can  be  adjusted 
accordingly.  This  procedure 
has  to  be  followed  in  all  cases 
where  the  water-repellent 
nature  of  the  powder  calls  for 
the  use  of  wetting  agents*and 
where  a  good  dispersion  can¬ 
not  be  achieved  with  com¬ 
bi  nation  wetting-dispersing 
agents  of  known  generaTcom- 
patibility.  Under  these  con¬ 
ditions  it  will  be  necessary  to 
prepare  at  least  one  disper¬ 
sion  of  flow  point  consistency 
without  a  wetting  agent  and  to  try  the  effect  of  a  number  of 
wetting  agents  on  it,  as  set  forth  above.  To  reach  the  wet  point 
by  the  use  of  a  dispersing  agent  alone  takes  considerably  more 
time  and  effort  than  it  does  with  pigments  which  are  not  water- 
repellent,  but  once  reached,  the  wet  point  value  is  the  same  as 
that  found  so  much  more  easily  by  the  addition  of  wetting  agents. 

E.  How  shall  dispersions  consisting  of  more  than  one  powder  be 
tested? 

A  testing  procedure  similar  to  that  used  above  may  be  fol¬ 
lowed.  Dispersions  of  each  of  the  component  powders  are  made 
up  singly  at  flow  point  consistency  and  then  are  combined  one  by 
one.  If  the  combination  results  in  loss  of  flow  and  causes  the 
system  to  turn  dull  and  stiff,  the  dispersion  has  been  affected  ad¬ 
versely.  But  again,  the  flocculated  or  flocculating  component  is 
clearly  recognized  and  can  be  eliminated  altogether,  or,  if  that  is 
not  possible,  a  dispersing  agent  can  usually  be  found  which, 
though  it  may  not  be  the  most  powerful  dispersing  agent  for  each 
component,  avoids  trouble  in  the  complete  formula. 

Such  testing  procedure  is  unnecessary  if  sufficient  dispersion 
data  on  the  individual  powders  are  available.  The  most  suitable 
dispersing  agent  can  be  found  by  comparing  the  effect  of  each  dis¬ 
persing  agent  on  each  of  the  powders  and  selecting  the  one  with 
the  best  over-all  performance.  This  is  demonstrated  in  Table  II, 
in  which  the  pertinent  test  data  of  four  typical  dispersing  agents 
for  zinc  oxide  and  titanium  dioxide  are  given. 

While  all  four  agents  produce  good  dispersions  of  zinc  oxide,  D 
is  more  effective  than  A,  B,  or  C  as  judged  from  the  small  gap  be¬ 
tween  wet  point  and  flow  point.  However,  D  produces  a  poor 
dispersion  of  titanium  dioxide.  Hence,  where  a  dispersion  of  ti¬ 
tanium  and  zinc  oxide  is  called  for,  D  is  unsuitable  in  spite  of  its 
excellence  as  a  zinc  oxide  dispersant.  Agent  B  is  obviously  the 
one  to  be  chosen  for  the  best  over-all  result. 

Time  Required.  After  standard  solutions  of  the  dispersing 
agents  are  prepared,  each  test  should  take  no  more  than  7  to  10 
minutes.  Hence,  the  quantitative  evaluation  of  a  dispersing 
agent  with  respect  to  one  powder  can  be  carried  out  in  about  an 
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Table  II.  Variation  in  Dispersing  Efficiency  of  Various  Dispersing 
Agents  Acting  on  Different  Powders 


Dispersing 

20  Grams  of  ZnO 

Dis- 

20  Grams  of  TiOs 

Dis- 

Agent,  5%  So- 

Wet 

Flow 

per- 

Wet 

Flow 

per- 

lution 

point 

point 

sion 

point 

point 

sion 

Cc. 

Cc. 

Cc. 

Cc. 

Agent  A 

4.7 

5.2 

0.5 

Good 

7.1 

8.2 

1.1 

Fair 

Agent  B 

4.7 

4.9 

0.2 

Good 

7.6 

8.0 

0.4 

Good 

Agent  C 

4.5 

4.7 

0.2 

Good 

8.4 

11.8 

3.4 

Poor 

Agent  D 

4.3 

4.4 

0.1 

Good 

8.2 

12.2 

4.0 

Poor 

a  A  =  flow  point  minus  wet  point,  cc. 


hour’s  time,  while  a  qualitative,  or  partial  test  as  in  A  above  can 
be  made  in  just  a  few  minutes. 

PRECISION 

Once  the  necessary  technical  skill  has  been  acquired  by  an  oper¬ 
ator,  which  takes  no  more  than  a  day  or  two,  the  quantitative  ex¬ 
perimental  error  becomes  surprisingly  small.  For  good  disper¬ 
sions,  he  can  usually  reproduce  his  results  within  a  margin  of  2%. 
For  poor  dispersions  it  may  be  as  much  as  5%  and  in  some  cases 
even  slightly  more. 

The  variation  in  results  between  two  operators  is  also  small. 
It  depends  primarily  on  how  quickly,  thoroughly,  and  energeti¬ 
cally  the  mixing  is  performed,  but  different  operators  will  never  dis¬ 
agree  as  to  the  general  character  of  the  dispersion — that  is, 
whether  the  dispersion  is  good,  fair,  or  poor. 

Tests  were  made  with  powders  of  widely  different  particle  size, 
some  with  fine  powders  of  an  average  particle  size  of  O.lp  and 
other  tests  with  powders  of  an  average  particle  size  of  50/u. 


Within  this  particle-size  range,  the  test  proved  to  be  fully  appli¬ 
cable. 

In  view  of  the  high  reproducibility  of  the  results,  and  consider¬ 
ing  the  differences  in  the  surface  characteristics  of  different  pow¬ 
ders,  it  becomes  understandable  that  the  test  can  be  used  success¬ 
fully  for  the  rapid  identification  of  pigments,  and  even  for  the 
identification  of  different  modifications  of  the  same  pigment. 

The  test  reveals  the  dispersing  agent,  among  a  number  tested, 
which  produces  the  best  dispersion  with  a  given  powder  or  mix¬ 
ture  of  powders;  the  minimum  amount  of  dispersing  agent  re¬ 
quired  to  achieve  optimum  dispersion;  the  highest  concentration 
of  powder  that  can  be  obtained  in  a  dispersion  with  a  given  dis¬ 
persing  agent;  the  effect  of  extraneous  substances  on  a  dispersion; 
and  the  effect  of  a  mixture  of  powders  on  a  dispersion. 
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Separation  of  Acids  by  Chromatographic 
Adsorption  of  Their  p-Phenylphenacyl  Esters 

J.  G.  KIRCHNER1,  ARTHUR  N.  PRATER2,  and  A.  J.  HAAGEN-SMIT 
California  Institute  of  Technology,  Pasadena,  Calif. 


IN  STUDYING  the  volatile  flavor  and  odor  constituents  of 
pineapple  (5),  small  amounts  of  ester  mixtures  were  obtained 
which  were  difficult  to  separate  sharply.  Subsequently,  the  hy¬ 
drolysis  of  these  esters  yielded  mixtures  of  acids  whose  deriva¬ 
tives  were  in  turn  difficult  to  purify,  especially  when  the  quantity 
of  available  material  was  small.  This  necessitated  the  develop¬ 
ment  of  a  method  for  separating  small  amounts  of  acids  or  their 
derivatives. 

Various  attempts  have  been  made  to  separate  the  fatty  acids 
directly  by  chromatography. 

Cassidy  (I)  separated  lauric,  myristic,  palmitic,  and  stearic 
acids  on  a  carbon  column  from  petroleum  ether  solution,  and 
Swift  et  al.  (14)  purified  methyl  linoleate  by  passing  cottonseed 
oil  through  alumina.  All  these  separations  involve  colorless 
compounds,  thus  resulting  in  the  consequent  difficulties  of  sepa¬ 
rating  the  colorless  bands.  Cassidy  (I)  tried  unsuccessfully  to 
separate  the  p-aminoazobenzene  derivatives  of  the  higher  fatty 
acids.  Smith  (18)  separated  formic,  acetic,  propionic,  butyric, 
and  valeric  acids  using  an  indicator  to  locate  the  bands  on  the 
column.  In  addition,  Manunta  (10),  Kaufmann  (7),  Kaufmann 

1  Present  address,  TJ.  S.  Department  of  Agriculture,  Fruit  and  Vegetable 
Laboratory,  Los  Angeles,  Calif. 

1  Present  address,  C.  B.  Gentry  Co.,  Los  Angeles,  Calif. 


and  Wolf  (8),  Kondo  (9),  Papps  and  Othmer  (11),  Holmes  and 
McKelvey  (6),  Rykhlikov.(J^),  Elder  and  Springer  (S),  and  Gy- 
ani  and  Ganguly  (4)  have  made  contributions  in  this  field. 

In  searching  for  a  method  of  purifying  small  amounts  of  acids 
or  their  derivatives,  it  was  found  that  the  highly  purified  p- 
phenylphenacyl  derivatives  (2)  of  the  acids  have  a  blue  fluores¬ 
cence  in  ultraviolet  light.  These  derivatives  can  be  adsorbed  on 
silicic  acid,  resulting  in  the  separation  of  acids  differing  by  one 
CH2  group,  at  least  in  the  lower  members. 

Adsorption  was  made  from  a  1  to  1  benzene-petroleum  ether 
(80°  to  90°  C.)  mixture  and  development  made  with  the  same 
solvent.  The  refractive  index  of  this  mixture  is  such  that  it 
makes  the  adsorbent  translucent  (15). 

The  adsorbent  used  in  this  case  was  Merck's  silicic  acid  (re¬ 
agent  grade).  Different  batches  were  found  to  vary  in  adsorp¬ 
tion  power.  However,  by  evacuating  a  10-cm.  layer  in  a  desicca¬ 
tor  over  phosphorus  pentoxide  for  4  minutes  with  a  Hyvac  pump, 
a  fairly  uniform  product  was  obtained.  Reactivation  of  the  ad¬ 
sorbent  was  accomplished  in  the  same  manner  after  air-drying 
the  acetone-eluted  material. 

The  separations  reported  here  were  made  with  mixtures  of 
derivatives,  each  of  which  had  been  previously  chromatographed 
by  itself  to  obtain  a  pure  product.  Derivatives  which  had  been 
recrystallized  only  to  a  constant  melting  point  still  contained 
sufficient  impurities  to  produce  a  yellow  to  white  fluorescence. 
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It  was  found  advantageous  to  treat' an  alcohol  solution  of  the 
derivatives  with  a  decolorizing  charcoal  which  adsorbed  some 
highly  fluorescent  impurities  that  were  removed  with  difficulty 
by  adsorption  on  silicic  acid.  On  chromatographing  a  charcoal- 
treated  derivative  under  ultraviolet  light,  the  white  to  yellow 
band  which  first  appeared  gradually  developed,  so  that  a  blue 
band  appeared  beneath  the  more  highly  colored  zone.  This  blue 
band  was  cut  into  sections  and  eluted  with  purified  acetone.  A 
bright  fluorescent  zone  at  the  top  of  the  column  was  due  to  traces 
of  impurities  which  were  strongly  adsorbed.  Any  excess  p- 
phenylphenacyl  bromide  was  washed  out  ahead  of  the  acid  de¬ 
rivative. 

For  the  separations  1.2  X  25  cm.  columns  were  employed, 
using  pressure  to  develop  the  chromatograms.  The  columns 
were  wet  with  benzene-petroleum  ether  (80°  to  90°  C.)  mixture 
and  the  derivatives  added  in  a  small  quantity  of  the  same  solvent. 
This  preliminary  adsorption  was  accomplished  with  a  pressure  of 
0.35  kg.  per  sq.  cm.  (5  pounds  per  square  inch).  The  solvent  mix¬ 
ture  was  then  added  and  the  pressure  increased  to  1  kg.  per  sq. 
cm.  (15  to  20  pounds  per  square  inch).  The  columns  were 
equipped  with  a  reservoir  of  solvent,  so  that  there  was  no  inter¬ 
ruption  during  development. 

The  higher  molecular  weight  derivatives  were  less  strongly  ad¬ 
sorbed  than  the  lower  members,  so  that  a  uniform  series  of  sepa¬ 
rations  was  obtained  from  acetic  to  capric  acids,  inclusive.  Each 
member  could  be  separated  from  the  one  preceding  or  following 
it,  the  higher  carbon  member  always  being  lower  on  the  column. 
Similarly  isobutyric,  isovaleric,  and  isocaproic  p-phenylphenacyl 
esters  could  be  separated  from  one  another  and  gave  the  same 
sequence.  The  capric  and  undecylic  derivatives  could  not  be 
separated,  nor  could  the  lauric  and  myristic  derivatives. 


Table  1.  Acid  Mixtures  Whose  p-PhenvIphenacyl  Esters  Have 


Been  Separated  by  Ch 

Acetic-propionic 

Acetic-butyric 

Acetic-valeric 

Propionic-butyric 

Propionic-caproic 

Propionic-heptylic 

Butyric-isobutyric 

Butyric-valeric 

Butyric-caproic 

Butyric-isovaleric 

Isobutyric-isovaleric 

Isobutyrric-n-valeric 

n- Valeri  c-isocaproic 

7i- V  aleric-n-caproic 


romatographic  Adsorption 

n- Valeric-ethyl  methyl  acetic 

7i-Valeric-trimethyl  acetic 

Isovaleric-ethyl  methyl  acetic 

Isovaleric-trimethyl  acetic 

Isovaleric-isocaproic 

Caproic-isovaleric 

Caproic-heptylic 

Caproic-trimethyl  acetic 

Caproic-capryllic 

Heptyllic-capryllic 

Heptyllic-capric 

Capryllic-pelargonic 

Capryllic-capric 

Pelargonic-capric 


The  separation  of  the  lower  members  was  characteristic.  If 
a  mixture  of  two  of  these  chromatographically  pure  derivatives 
was  placed  on  the  column,  there  first  appeared  a  whitish  band 
which  gradually  narrowed  as  development  continued  with  the 
appearance  of  blue  bands  above  and  below  the  white  band.  As 
the  white  band  disappeared,  separation  was  completed.  In 
going  further  up  the  series  this  characteristic  white  band  is  not 
seen  and  the  separations  become  less  sharp.  With  the  lower 
members  the  separation  is  quantitative. 

To  illustrate  this,  16.9  mg.  of  butyric  derivative  and  17.1  mg.  of 
acetic  derivative  were  chromatographed  on  a  column  measuring 
1  X  18  cm.  After  development  the  column  under  ultraviolet 
light  consisted  of  the  following  bands:  2.5  cm.  colorless,  2.5  cm. 
blue,  0.6  cm.  colorless,  and  2.5  cm.  blue  (listed  from  the  top  down¬ 
ward).  From  the  upper  blue  band  16.3  mg.  of  acetic  derivative 
melting  at  110.5-111°  C.  were  obtained.  The  lower  blue  band 
yielded  16.8  mg.  of  butyric  derivative  melting  at  81.5-82°  C. 

In  a  similar  manner,  27.2  mg.  of  acetic  derivative  and  21  mg.  of 
n-propionic  derivative  were  separated  on  a  column  measuring 
1.2  X  25  cm.  After  development  the  upper  5-cm.  blue  band  was 
separated  from  the  4. 5-cm.  lower  blue  band  by  a  1.9-cm.  colorless 
zone.  The  upper  blue  band  yielded  26.8  mg.  of  derivative  melt¬ 
ing  at  110-111  °  and  the  lower  band  yielded  20.7  mg.  of  derivative 
melting  at  102-103°  C. 

With  the  higher  members,  the  adsorbed  derivatives  formed  a 
continuous  band.  Sectioning  of  this  with  subsequent  elution 
yielded  a  pure  top  and  bottom  section  with  the  intervening  sec¬ 
tions  showing  various  stages  of  mixtures. 


Then-butyric  derivative  (m.p.  82°  C.)  can  be  separated  from  the 
isobutyric  derivative  (m.p.  89°).  Ten  milligrams  of  each  of 
these  were  placed  on  a  1.2  X  25  cm.  column,  and  after  develop¬ 
ment  the  blue  zone  was  cut  into  7  equal  sections.  The  eluted 
material  from  the  two  top  sections  melted  at  78.6-80°  and  78- 
78.9°  C.,  respectively.  On  rechromatographing  these  the  melting 
point  was  raised  to  81-82°.  The  material  from  the  lowest  sec¬ 
tion  of  the  first  column  melted  at  85-87°,  thus  placing  the  iso 
derivative  beneath  the  normal  derivative.  Isobutyric  p-phenyl- 
phenacyl  ester  showed  only  a  partial  separation  from  the  n- 
valeric  derivative;  the  material  from  the  upper  part  of  the  band 
melting  at  82-84°  compared  to  an  expected  value  of  88-89.5° 
and  that  from  the  bottom  part  melting  at  64-66°  instead  of  69°  C. 
Although  the  n-valeric  ester  could  not  be  separated  from  iso¬ 
valeric  ester,  isovaleric  ester  was  separated  from  the  methyl 
ethyl  acetic  ester.  In  this  case  the  latter  appeared  beneath  the 
isovaleric.  In  turn  methyl  ethyl  acetic  ester  gave  a  partial  sepa¬ 
ration  from  that  of  n-valeric.  Trimethyl  acetic  was  separated 
from  valeric,  isovaleric,  and  n-caproic  derivatives,  and  in  each 
case  appeared  at  the  bottom  of  the  blue  zone. 

Table  I  lists  the  separations  which  have  been  accomplished  with 
this  method.  By  using  the  method,  it  was  possible  to  raise  the 
melting  point  of  the  n-valeric  derivative  from  63.5  °  to  69  °  C.  In 
addition,  the  p-phenylphenacyl  ester  of  trimethyl  acetic  acid  has 
been  prepared  for  the  first  time.  It  melts  at  113.1-114°  C. 


SUMMARY 

The  p-phenylphenacyl  esters  when  highly  purified  have  a  blue 
fluorescence  in  ultraviolet  light.  These  derivatives  can  be  sepa¬ 
rated  from  one  another  on  silicic  acid.  Each  member  from  acetic 
to  capric,  inclusive,  could  be  separated  from  the  one  preceding  or 
following  it,  the  higher  carbon  member  always  appearing  at  the 
bottom  of  the  column.  The  iso  acids  with  four,  five,  and  six 
carbon  atoms  formed  a  similar  series.  The  isobutyrate  derivative 
could  be  separated  from  the  n-butyrate,  but  the  isovalerate  could 
not  be  separated  from  the  valerate  ester.  In  contrast  with  this, 
methyl  ethyl  p-phenylphenacyl  acetate  was  separated  from  the 
isovalerate.  The  trimethyl  acetate  was  separated  from  the  val¬ 
erate,  the  isovalerate,  and  the  n-caproate.  Neither  the  capric  and 
undecylic,  nor  the  lauric  and  myristic  derivatives  could  be  sepa¬ 
rated. 

By  this  method  the  melting  point  of  the  p-phenylphenacyl 
derivative  of  w-valeric  acid  has  been  raised  from  63.5  to  69°  C. 
The  p-phenylphenacyl  ester  of  trimethyl  acetic  acid  melts  at 
113.1-114°  C. 
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Determination  of  Specific  Surface  by  Permeability 

Measurements 

WILLIAM  F.  KEYES1,  California  Portland  Cement  Company,  Colton,  Calif. 


The  effect  of  varying  porosity  on  air  permeability  of  powders  has 
been  investigated.  The  present  experimental  data  indicate  that  the 
relation  between  permeability,  specific  surface,  and  porosity  may  be 
represented  by  the  following  modification  of  Kozer.y's  equation: 

K  g(1  +  a)  (  1  +  a 

5??So2  (1  -  e)2 


For  certain  pulverized  materials,  such  as  ground  limestone,  quartz* 


and  portland  cement. 


1  +a 


was  found  to  be  approximately  0.11. 


THE  industrial  importance  of  the  state  of  subdivision  of  many 
substances  has  led  to  the  development  of  various  methods  of 
determining  particle  size.  The  permeability  of  beds  of  pow¬ 
dered  materials  has  recently  been  investigated  as  a  property  by 
which  the  particle  size  or  specific  surface  of  such  materials  may 
conveniently  be  measured. 

Carman  (5)  utilized  the  permeability  to  liquids,  while  Gooden 
and  Smith  ( 6 ),  Lea  and  Nurse  (9),  and  Blaine  (3)  used  air  as  the 
permeating  fluid. 

The  relationship,  developed  by  Kozeny  (7)  and  Carman,  upon 
which  this  work  is  based  is 


K  = 


g  e3 

5r;So2(l  -  e)2 


(1) 


where  K 


9 


V 

So 


=  permeability  of  the  porous  medium  or  apparent 
linear  rate  of  flow  (volume  rate  divided  by  bed 
area)  per  unit  pressure  drop  (expressed  as  grams 
per  sq.  cm.  per  cm.)  across  the  bed  (cm.4  per  gram 
sec.) 

=  acceleration  due  to  gravity,  cm.  per  sec.2 
=  porosity  or  fractional  void  of  bed  (dimensionless) 

=  absolute  viscosity  of  fluid,  grams  per  cm.  sec. 

=  specific  surface  of  powder,  cm.2  per  cm.3 


Lea  and  Nurse  (9)  developed  an  apparatus  for  measuring  the 
air  permeability  of  powdered  materials  and  modified  Equation  1 
to  express  specific  surface  directly  in  terms  of  the  apparatus 
constants  and  the  manometer  readings : 


where  Sw 
Pi 

A 

L 

C 

K 

K 


C  _  14r  e3  Ah\  11/2 
PlL(l  -  e^LChJ 

specific  surface,  sq.  cm.  per  gram 
density  of  material  tested 
cross-sectional  area  of  bed  of  material 
depth  of  bed 

constant  for  flowmeter  capillary 
manometer  reading  across  bed 
manometer  reading  across  capillary 


(2) 


Although  Carman  has  presented  evidence  tending  to  show  that 
these  equations  are  valid,  and  that  variations  of  permeability 

e3 

with  porosity  are  represented  by  the  porosity  function,  — - — , 

over  a  wide  range,  the  work  of  Blaine  (3)  and  that  of  the  Working 
Committee  on  Fineness  of  A.S.T.M.  Committee  C-l  on  Cement 
( 2 )  as  well  as  preliminary  tests  made  in  this  laboratory  have  indi¬ 
cated  that  for  fine  powders  the  permeability  changes  dispropor¬ 
tionately  with  the  porosity  function. 

Experiments  were  made  to  determine  the  effect  of  varying 
porosity  on  the  air  permeability.  The  apparatus  used  was  essen¬ 
tially  similar  to  that  described  by  Lea  and  Nurse  (9).  The  per¬ 
meability  cell  had  an  inside  diameter  of  1.69  cm.,  and  was  filled 
to  a  depth  of  3.00  cm.  The  capillary  tube  had  a  constant  C  = 

1  Present  address,  Johns-Manville  Products  Corp.,  Lompoc,  Calif. 


2.64  X  10~6.  Correction  was  made  for  the  resistance  of  the  cell 
membrane,  which  was  of  the  order  of  1%  of  the  resistance  of  the 
bed  of  powder,  in  the  Calculation  of  the  ratio  of 

For  any  given  powder  and  cell  Sw,  Pi,  A,  L,  and  C  in  Equation 
2  may  all  be  considered  constant.  Then  Equation  2  may  be 
written 


where  k  = 


(is)'"'1 

/  14  y/y  A  W3 

\nSj  \LC) 


(3) 


If  the  porosity  function  holds  and  Equations  2  and  3  are  valid, 
a  plot  of  (hi/h O1/3  (1  —  t)-/z  versus  e  should  yield  a  straight  line 
intersecting  both  axes  at  the  origin.  The  data  obtained  on  pul¬ 
verized  quartz  powder  of  varying  fineness  are  plotted  in  Figure  1, 
and  the  data  obtained  on  several  other  materials  are  plotted  in 
Figure  2.  In  general  the  points  fall  in  straight  lines  intersecting 
the  x-axis  to  the  right  of  the  origin.  In  the  case  of  the  pulverized 
quartz  the  intercept  is  independent  of  the  fineness.  These  plots 
are  entirely  equivalent  to  those  of  Powers  (10),  who  plotted  Q1/3  X 


Figure  1.  Permeability  of  Pulverized  Quartz 
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Figure  2.  Permeability  of  Various  Materials 
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(1  —  e)1/3  versus  e,  as  Q,  the  volume  rate,  is  proportional  to  the 
linear  rate,  and  in  the  case  of  sedimentation  the  hydraulic 
gradient  is  proportional  to  the  solids  content  (1  —  e).  Powers 
found  that  the  bleeding  of  portland  cement  pastes  may  be  repre¬ 
sented  by  a  relationship  based  on  Kozeny’s  equation  if  it  is 
assumed  that  part  of  the  fluid  is  immobile  and  does  not  flow. 
Steinour  (IS)  has  also  demonstrated  that  the  same  relationship 
holds  in  the  case  of  nonflocculated  suspensions  of  emery  powders 
and  has  shown  the  probable  explanation  of  this  phenomenon  to  be 
simple  stagnation  of  fluid  behind  angular  particles — that  is, 
failure  of  fluid  stream  to  trace  out  angularities  of  particles. 

In  view  of  the  similarity  of  these  plots  with  those  of  Powers  it 
would  appear  reasonable  to  assume  that  the  same  inferences 
apply  to  the  flow  of  a  fluid  through  a  bed  of  powder  as  apply  to 
the  sedimentation  of  powdered  materials  suspended  in  a  fluid. 
Then,  following  the  work  of  Steinour,  if  it  is  considered  that  the 
immobile  fluid  u  is  proportional  to  the  volume  of  solids — that  is, 
e<  =  a(l  —  e) — then  e  —  a(l  —  e)  may  be  substituted  for  e  in 
Equation  1  to  yield 


r-  _  £7(1  +  a) 

5VS02  ~  "  (1  -  e)2 


a  V 

1  +  a)  (4) 


Similar  substitution  in  Equation  2  yields 


Su , 


!  4 

Pi 


(1  +  a) 


(■  -  rh)' 


(1  -  e)2 
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If,  as  before,  it  is  considered  that 
Equation  5  may  be  written 
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A  plot  of  the  experimental  values  for  (h>/hxY  /3(\  —  e)2/3  versus 
e  should  yield  a  straight  line.  The  slope  of  the  line,  m  =  k  (1  + 
a)1/3,  the  intercept  is  a/ (1  +  a),  and  the  specific  surface, 


c  _  14(1  +aP/\,  (  A  y/\,  1 
P,  \LC)  X  m3/2 


(7) 


The  specific  surface  calculated  in  this  manner  represents  the 
surface  of  the  envelope  separating  the  flowing  from  the  immobile 
fluid.  This  surface  may  be  somewhat  greater  than  the  true  sur¬ 
face  in  the  case  of  particles  possessing  no  interior  angles,  or  it  may 
be  substantially  less  in  the  case  of  particles  possessing  internal 
angles,  pores,  or  fissures. 

It  will  be  seen  that  in  the  case  of  spherical  zinc  dust  the  inter¬ 
cept  with  the  x-axis  is  the  origin.  This  confirms  Steinour ’s  finding 
of  no  immobile  fluid  in  the  sedimentation  of  spherical  particles, 
and  indicates  that  in  this  special  case  Kozeny’s  equation  is  valid. 
In  the  case  of  certain  pulverized  materials,  such  as  ground  lime¬ 
stone,  quartz,  and  portland  cement,  the  intercept  is  e  =  0.11  ap¬ 
proximately.  It  is  apparent  that  variations  in  shape  of  this  class 
of  particles  are  sufficiently  small  to  have  a  negligible  effect  on  the 
proportion  of  immobile  fluid,  and  that  differences  in  fineness  have 
no  effect.  However,  in  the  case  of  materials  of  high  porosity,  the 
intercept  is  greater  than  e  =  0.11  and  is  varying.  It  is  probable 
that  in  addition  to  immobile  fluid  due  to  the  angularity  of  the 
particles  there  is  also  immobile  fluid  contained  in  those  internal 
pores  and  fissures  which  communicated  with  the  surface.  The 
practical  consequence  of  these  variations  of  intercept  is  to  require 
that  permeability  measurements  on  a  given  powder  be  made  at 
sufficient  porosities  to  establish  the  intercept  unless  it  is  already 
known. 

Rigden  (11)  and  Lea  (<S)  believe  nonuniform  packing  of  the  bed 
of  powder  to  be  the  cause  of  the  observed  disproportionality  of 
permeability  to  the  porosity  function.  Although  no  proof  to  the 
contrary  is  available  from  the  air-permeability  experiments 
reported  here,  it  is  improbable  that  nonuniformity  was  a  factor  in 
Steinour’s  nonflocculated  emery  powder  suspension.  In  addi¬ 
tion,  comparative  fineness  tests  on  portland  cements  using  the 
apparatus  described  here  and  using  the  Blaine  (4)  apparatus 
gave  excellent  agreement  when  calculated  by  Equation  5  and  the 


Table  1.  Specific 

Surface  of  Various  Materials 

Material 

Surface 

Sq.  cm./g. 

Pulverized  quartz  1 

626 

Pulverized  quartz  2 

958 

Pulverized  quartz  3 

1430 

Pulverized  quartz  4 

5000 

Pulverized  quartz  5 

6330 

Zinc  dust 

1400 

Portland  cement 

2570 

Ground  limestone 

5800 

Hydrated  lime 

5800 

Diatomite 

6340 

Table  II.  Comparison  of  Methods  of  Calculating  Surface  of  Portland 


Cement 

Ratio  to 

Method 

Surface 

Sq.  cm./g. 

Wagner  Surface 

Wagner  turbidimeter 

1870 

Equation  2,  €  =  0.47 

3670 

1.96 

Equation  2,  e  =  0.50 

3510 

1.88 

Equation  2,  e  =  0.53 

3410 

1.82 

Equation  2,  e  =  0.56 

3350 

1.79 

Equation  7 

2570 

1.33 

equivalent  equation  for  the  Blaine  apparatus,  regardless  of  the 
porosity  of  test.  It  is  thought  improbable  that  if  nonuniform 
packing  were  present  to  any  effective  degree  its  magnitude  should 
be  dependent  only  on  the  porosity  and  not  on  the  dimensions  of 
the  cell. 

The  possibility  that  the  observed  phenomena  might  result  from 
simple  adsorption  of  fluid  on  the  surface  of  the  particles  is  thought 
to  be  eliminated  by  the  fact  that  the  ratio  of  immobile  fluid  to 
solid  volume  was  observed  not  to  increase  with  increasing  surface 
area  and  by  the  fact  that  the  fluid  layer  of  any  reasonable  thick¬ 
ness  can  be  calculated  to  possess  a  volume  too  small  to  be  de¬ 
tected  by  the  methods  used.  Capillary  attraction  in  the  inter¬ 
stices  may  likewise  be  eliminated  by  the  fact  that  no  increase  is 
observed  with  increasing  surface  area  and  by  the  absence  of  the 
effect  in  the  case  of  spherical  particles. 

The  specific  surfaces  of  the  materials  shown  in  Figures  1  and 
2  were  calculated  by  Equation  7  and  are  given  in  Table  I.  The 
surface  of  the  portland  cement  calculated  from  the  data  at  each 
porosity  by  Equation  2  and  that  determined  by  the  Wagner 
turbidimeter  (1)  is  compared  with  that  calculated  by  Equation  7 
in  Table  II.  Surfaces  obtained  by  other  sedimentation  and 
elutriation  methods  by  Roller  and  Roundy  (12)  and  others  are 
usually  higher  than  those  given  by  the  Wagner  turbidimeter  by 
factors  of  from  1.2  to  1.5,  and  application  of  Equation  5  or  7 
yields  similar  values. 
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Factors  Influencing  Estimation  of  Free  Fatty  Acids  in 

Dried  Egg  Powders 

LEO  KLINE  AND  C.  M.  JOHNSON,  Western  Regional  Research  Laboratory,  U.  S.  Department  of  Agriculture,  Albany,  Calif. 


At  the  normal  pH  of  dried  whole  egg,  fatty  acids  liberated  during 
storage  are  incompletely  estimated  by  the  A.O.A.C.  procedure  for 
determination  of  acidity  of  the  ether  extract.  In  addition,  the  con¬ 
tribution  of  the  extracted  cephalin  to  the  acidity  of  the  ether  extract 
may  obscure  significant  percentage  increases  in  the  free  fatty  acidity 
of  the  egg  powder.  The  necessity  for  drying  the  egg  powder  as 
required  in  the  A.O.A.C.  procedure  is  re-emphasized. 


the  liberated  fatty  acid,  whether  present  as  the  free  acid  or  the 
salt.  At  the  pH  of  freshly  dried  whole  egg  (8.5  to  9)  it  is  conceiv¬ 
able  that  the  fatty  acids  liberated  during  storage,  being  weak 
acids,  would  react  with  the  egg  buffers  to  form  salts.  These 
salts — e.g.,  sodium  oleate — would  not,  of  course,  contribute  to 
the  acidity  of  the  ether  extract,  and  the  result  would  be  incom¬ 
plete  measure  of  lipolysis. 


A  CURRENT  study  in  this  laboratory  of  lipolytic  activity 
in  stored  dried  egg  powders  necessitated  the  use  of  a  spe¬ 
cific  method  for  measuring  glyceride  hydrolysis.  The  method  of 
the  Association  of  Official  Agricultural  Chemists  for  the  acidity 
of  the  ether  extract  of  dried  egg  powder  (2,  page  314)  has  been 
generally  used  for  this  purpose  and  the  results  obtained  have 
been  reported  variously  as  free  fatty  acids  or  as  increases  in  the 
acidity  of  the  ether  extract  (3,  4,  5,  11, 19).  Briefly,  this  method 
consists  of  drying  the  egg  powder  to  constant  weight  at  55°  C. 
and  under  a  pressure  not  exceeding  125  mm.  of  mercury.  Sam¬ 
ples  of  about  2  grams  each  are  extracted  with  anhydrous  ether, 
the  ether  is  evaporated,  and  the  residual  oils  are  weighed  and  dis¬ 
solved  in  neutral  benzene  and  titrated  to  the  phenolphthalein  end 
point  with  0.05  N  sodium  ethylate.  The  preliminary  drying  of 
the  powder  has  been  deemed  unnecessary  and  omitted  by  several 
investigators  ( 3 ,  5,  11). 

The  data  presented  here  show  that  the  indiscriminate  use  of 
results  thus  obtained,  as  a  measure  of  either  lipolysis  or  free  fatty 
acid  content,  may  be  misleading. 

METHODS 

Phosphorus  was  determined  according  to  the  method  of  Allen 
( 1 ).  The  micro-Kjeldahl  procedure  was  used  for  total-nitrogen 
determinations.  Amino  nitrogen  was  determined  by  the  Van 
Slyke  manometric  method,  with  3-minute  reaction  times;  d,l- 
alanine  (Merck’s)  standards  were  assayed  with  each  run.  The 
formol  titration,  carried  out  electrometrically  with  the  Beckman 
Laboratory  Model  pH  meter,  was  also  used  to  evaluate  amino 
nitrogen;  ethanolamine  (redistilled)  standards  assayed  by  this 
procedure  were  titrated  to  the  extent  of  82%  and  this  correction 
factor  was  therefore  applied.  Choline  was  determined  by  the 
reineckate  method  as  modified  by  Glick  (12).  The  pH  of  dried 
egg  powder  was  evaluated  with  the  Beckman  meter  on  an  emul¬ 
sion  of  1  gram  with  3  grams  of  boiled  distilled  water.  Apparent 
moisture  content  of  the  egg  powder  was  determined  by  the  A.O.¬ 
A.C.  method  (2,  page  308) . 

RESULTS 

Incomplete  Recovery  of  Fatty  Acids.  To  estimate  the 
total  splitting  of  glyceride  linkages  it  is  essential  to  determine 


Table  1. 

Recovery  of 

Added  Oleic  Acid 

Added 

Resultant 

pH 

pH 

Dried  Egg, 

1  G.  Egg  4* 

Acidity  of 

Recovered 

Oleic  Acid 

(Liquid) 

3  G.  H20 

Ether  Extract 

Oleic  Acid 

Mg./ 

2  g.  egg 

0 

7.7 

8.9 

Mg.  oleic  acid/ 

2  g.  egg 

15.10 

Mg./e  g. 
egg 

% 

9.7 

7.4 

8.7 

20.65 

5.55 

57 

23.8 

7.2 

8.4 

29.95 

14.85 

62 
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Figure  1. 
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pH  of  SUSPENSION 
(I  gm.  dried  egg  in  3  gms.  H20) 

Relation  between  pH  and  Recovery  of  Oleic 
from  Dried  Egg  by  A.O.A.C.  Method 


Acid 


To  determine  the  recovery  of  fatty  acids  as  a  function  of  the 
pH  of  dried  egg,  known  amounts  of  oleic  acid  were  added  in 
ether  solution  to  aliquots  of  whole  fresh  eggs,  the  mixtures  were 
adjusted  to  various  pH  levels  by  the  careful  addition  of  3  N  hy¬ 
drochloric  acid,  and  the  samples  were  lyophilized  (dried  in  the 
frozen  state  under  high  vacuum).  Oleic  acid  was  used,  since 
it  has  been  reported  to  constitute  about  50%  of  the  egg  fatty 
acids  (7,  17),  and  titration  curves  run  in  this  laboratory  have 
shown  the  mixture  of  egg  fatty  acids  to  have  approximately 
the  same  pK  as  oleic.  The  dried  egg  powders  contained  27  mg.  of 
added  oleic  acid  per  2  grams. 

The  oleic  acid  solution  was  checked  against  standard  sodium 
ethylate.  A  set  of  controls,  containing  no  added  oleic  acid,  was 
prepared  from  the  same  batch  of  egg  to  cover  the  same  range  of 
pH.  At  least  three  2.0-gram  samples  of  each  preparation  were 
extracted  with  anhydrous  ether  for  4  hours  in  Soxhlet  extractors 
and  the  acidity  of  the  ether  extracts  was  measured  by  the  A.O.¬ 
A.C.  method. 

The  results  are  shown  in  Figure  1.  The  recovery  of  the  added 
oleic  acid  at  any  pH  was  determined  graphically  by  the  difference 
in  the  acidity  of  the  ether  extracts  of  the  control  and  the  sample  con¬ 
taining  added  oleic  acid.  Thus  it  was  found  that  approximately 
55  to  60%  of  the  added  oleic  acid  was  recovered  at  the  pH  of 
freshly  dried  egg  and  that  acidification  below  pH  5  was  necessary 
to  obtain  essentially  complete  recovery. 

That  the  pH  change,  which  would  be  effected  by  the  liberation 
of  free  fatty  acid,  is  insufficient  to  increase  the  recovery  appre¬ 
ciably  is  exemplified  by  the  data  in  Table  I,  showing  incomplete 
but  slightly  increasing  recoveries  with  increasing  amounts  of 
added  oleic  acid.  The  recovery  from  samples  prepared  from  the 
same  batch  of  egg,  but  acidified  to  pH  4.5  prior  to  drying,  is  es¬ 
sentially  complete. 

Distribution  of  Acidity  of  Ether  Extract.  From  Figure 
1  it  is  evident  that  the  rate  of  increase  of  oleic  acid  recovery  with 
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Tabic  II.  Analyses  of  Ether-Extracted  Oils 


0.05  N  Sodium  Ethylate 

Nitrogen 

Phosphorus 

Molecular  Ratio,  N/P 

• 

Whole  Acetone- 

Acetone- 

Whole 

Acetone- 

Acetone- 

Whole 

Acetone- 

Acetone- 

Whole 

Acetone- 

Acetone- 

Egg 

HsO 

% 

oil 

soluble 
Mg./ g. 

insoluble 

oil 

soluble 

Mg./g. 

insoluble 

oil 

soluble 

Mg./g. 

insoluble 

oil 

soluble 

insoluble 

Oil  Yield 

% 

Spray-dried  A® 

4.6 

1.24 

0.44 

7.04 

2.34 

0.32 

17.2 

4.48 

0.52 

33.5 

1.15 

1.36 

1.13 

Spray-dried  B® 

3.7 

1.41 

0.48 

7.16 

2.92 

0.39 

18.6 

5.12 

0.56 

33.4 

1.25 

1.55 

1.23 

Lyophilizeda 

1.7 

1.45 

0.43 

8.44 

2.26 

0.24 

16.0 

4.62 

0.42 

33.3 

1.09 

1.27 

1.06 

A,  stored® 

5.6 

4.00 

3.72 

6.32 

2.22 

0.59 

15.9 

4.58 

1.14 

33.6 

1.07 

1.14 

1.06 

Spray-dried  A  6 

1.08 

0.41 

7.82 

1.89 

0.33 

17.7 

3.70 

0.60 

35.0 

1.13 

1.22 

1.12 

37.0 

Spray-dried  B6 

1.22 

0.46 

7.06 

2.52 

0.38 

18.8 

4.48 

0.62 

33.9 

1.24 

1.35 

1.23 

37.1 

Lyophilized6 

1.22 

0.41 

8.01 

2.01 

0.33 

16.0 

4.05 

0.55 

33.3 

1.10 

1.33 

1.05 

37.7 

A,  stored6  ...  3.60  3.33  5.95  1.93 

°  Extracted  without  preliminary  drying. 

6  Extracted  after  drying  24  hours  at  55°  C.  and  less  than  3  mm.  < 

0.56  15.6  3.93  0.96  33.6  1.09 

Df  Hg;  residual  moisture  content,  approximately  0.8%. 

1.29 

1.03 

36.8 

decreasing  pH  is  considerably  greater  than  the  rate  of  increase 
in  the  acidity  of  the  ether  extract  of  the  controls,  thus  indicating 
that  the  acidity  value  for  freshly  dried  whole  egg  is,  at  least 
partly,  attributable  to  some  constituent  other  than  free  fatty 
acid.  This  interpretation  is  confirmed  by  reports  in  the  literature 
and  by  experiments,  described  below,  that  point  to  egg  cephalin 
as  this  constituent.  That  cephalins  act  as  monobasic  acids  which 
are  completely  titrated  in  solvents  of  low  dielectric  value,  with 
phenolphthalein  as  indicator,  has  been  observed  previously, 
mainly  with  animal  cephalins  (9,  13,  18).  Jukes  (16)  found  the 
alkali-binding  capacity  of  egg  phospholipid  dissolved  in  98% 
alcohol  to  be  equivalent  to  the  cephalin  content  as  estimated  by 
amino  nitrogen  determinations.  Lecithin  under  similar  titrating 
conditions  has  no  alkali-binding  capacity.  The  distinction  be¬ 
tween  the  ether-soluble  egg  phospholipids,  lecithin  and  cephalin, 
lies  in  the  nature  of  the  base — choline  in  lecithin  and  ethanol- 
amine  in  cephalin.  The  cephalin  fraction  of  animal  phospho¬ 
lipids  has  been  reported  to  contain  phosphatidyl  serine  and  in¬ 
ositol  in  addition  to  phosphatidyl  ethanolamine  ( 6 ,  10) ;  Chargaff, 
Ziff,  and  Rittenberg  (6),  however,  found  no  appreciable  amino 
acid  nitrogen  in  egg  phospholipid.  When  written  as  the  zwitter- 
ion  structure,  they  may  be  represented,  according  to  Fischgold 
and  Chain  ( 9 ),  as  follows: 


Cephalin 

RO— P<f°  + 

^  xo— ch2— ch2— nh3 


12 - 

Lecithin 


-p/0' 


RO — P< 


0 


\>— CH2— CH2— N(CH3), 


The  quaternary  ammonium  cationic  group  in  lecithin  is  the 
ion  of  a  very  strong  base  and  is  not  titrated  in  the  A.O.A.C. 
method,  whereas  the  primary  amino  group  of  cephalin  is  the  cat¬ 
ion  of  a  weak  base  and  is  completely  titrated  to  the  — NH2  form 
by  sodium  ethylate. 


drying  in  a  vacuum  oven  at  70°  C.  and  3  mm.  of  mercury  for  1 
hour.  To  a  20-gram  portion  of  each  oil  were  added  180  ml.  of 
ice-cold  acetone  and  the  turbid  mixture  was  allowed  to  stand  2 
hours  in  an  ice-water  bath.  It  was  then  centrifuged  and  the  ace¬ 
tone-insoluble  portion  twice  kneaded  in  10-ml.  portions  of  ice- 
cold  acetone  and  centrifuged.  The  supernatant  acetone  solutions 
were  combined  and  the  solvent  was  removed  from  both  fractions 
by  evaporation  on  the  steam  bath,  followed  by  vacuum-oven 
drying. 

Yields,  acidity,  nitrogen,  and  phosphorus  values  for  the  whole 
oils  and  the  fractions  prepared  therefrom  are  given  in  Tables  II 
and  III.  The  upper  half  of  each  table  contains  data  for  the  eggs 
extracted  without  the  preliminary  drying.  The  acidities  were 
determined  by  titration  of  benzene  solutions  to  the  phenolphtha¬ 
lein  end  point. 

For  the  oils  obtained  from  the  three  unstored  egg  powders,  the 
acetone-insoluble  fraction  represents  about  13%  by  weight  of  the 
original  oil  but  contains  about  70%  of  the  acidity.  This  material 
is  essentially  phospholipid,  as  evidenced  by  the  nitrogen  and 
phosphorus  contents  and  ratios.  The  slightly  low  nitrogen  and 
phosphorus  values  are  not  unexpected,  since  impurities  such  as 
saturated  triglycerides  are  removed  with  difficulty  from  the 
phospholipid  by  acetone  trituration  (14,  30).  The  acetone-insol¬ 
uble  fraction  from  the  stored  egg  powder  represents  11%  of  the 
oil  but  contains  only  17%  of  the  acidity. 

The  acetone-soluble  fractions,  containing  the  free  fatty  acids, 
represent  26  to  32%  of  the  original  acidity  for  the  unstored  eggs, 
and  83%  for  the  stored  eggs,  indicating  large  amounts  of  free 
fatty  acid  in  the  latter  sample.  Part  of  the  acetone-soluble 
acidity  may  still  be  due  to  phospholipid,  since  about  10%  of  the 
nitrogen  and  phosphorus  of  the  oils  from  the  unstored  egg  pow 
ders  and  23%  for  the  oil  from  the  stored  sample  remain  in  this 
fraction.  The  higher  nitrogen  and  phosphorus  content  of  this 
latter  sample  may  be  attributed  to  the  increased  solubility  of  the 
phospholipid  in  acetone  imparted  by  the  presence  of  large 
amounts  of  free  fatty  acid  (15).  It  is  difficult  to  account  for  the 
very  considerable  deviation  of  some  of  the  nitrogen-phosphorus 
ratios  from  1.0;  however,  as  is  shown  later,  these  high  ratios  do 


To  determine  the  extent  to  which  egg  cephalin 
contributes  to  the  acidity  of  the  ether  extracts,  ex¬ 
tracts  prepared  from  four  egg  powders  were  ana¬ 
lyzed.  Two  of  these  were  commercially  spray-dried 
products;  one  was  prepared  in  this  laboratory  by 
lyophilizing  whole-egg  mix  from  several  dozen 
Grade  A  fresh  eggs;  the  fourth  was  a  commercial 
spray-dried  powder  containing  5%  moisture  which 
had  been  stored  at  98°  F.  for  9  months.  Ex¬ 
tractions  were  made  at  the  moisture  level  of  the 
samples  as  received,  and  also  after  a  preliminary 
drying  (Table  II).  Approximately  80  grams  of 
each  preparation  were  extracted  with  anhydrous 
ether  in  a  Soxhlet  extractor  for  a  period  extending 
2  to  3  hours  after  the  extracts  appeared  colorless. 
The  extracts  were  centrifuged  to  remove  any  ether- 
insoluble  material  passing  through  the  paper  ex¬ 
traction  thimbles.  The  ether  was  evaporated  on  the 
steam  bath  and  traces  of  solvent  were  removed  by 


Table  III.  Distribution  of  Acidity,  Nitrogen,  and  Phosphorus  in  Ether- 


Extracted  Oils 

Yield  of 

Acidity, 

Nitrogen, 

Phosphorus, 

Whole  Oil,  % 

%  of  Total 

%  of  Total 

%  of  Total 

Ace- 

Ace- 

Ace- 

Ace- 

Ace- 

Ace- 

Ace- 

Ace- 

tone- 

tone- 

tone- 

_  tone- 

tone- 

tone- 

tone- 

tone- 

solu- 

insolu- 

solu- 

insolu¬ 

solu- 

insolu- 

solu- 

insolu- 

Egg 

H20 

% 

4.6 

ble 

ble 

ble 

ble 

ble 

ble 

ble 

ble 

Spray-dried  A® 

88.5 

12.0 

31 

68 

12 

88 

10 

90 

Spray-dried  B® 

3.7 

85.9 

13.9 

29 

71 

12 

88 

9 

91 

Lyophilized® 

1.7 

87.2 

12.8 

26 

74 

9 

91 

8 

92 

A, stored® 

5 . 6 

89.3 

10.7 

83 

17 

23 

77 

22 

78 

Spray-dried  A6 

91.0 

9.0 

35 

65 

16 

84 

15 

85 

Spray-dried  B6 

88.7 

11.6 

33 

67 

13 

87 

12 

88 

Lyophilized6 

89.4 

10.7 

30 

70 

15 

85 

12 

88 

A,  stored6 

90.8 

9.1 

85 

15 

26 

74 

22 

78 

“  Extracted  without  preliminary  drying. 

6  Extracted  after  drying  24  hours  at  55°  C.  and  less  than  3  mm.  of  Hg;  residual  moisture 
content,  approximately  0.8%. 
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Tabic  IV.  Alkali-Binding  Capacity  and  Amino  Nitrogen  of 
Acetone-Insoluble  Fractions 

Milliequivalents  per  Gram 


Van 

Van 

Slyke 

%  of  Total  N 

as  NHiN 

Slyke 

Formol 

NHiN 

Van 

So- 

NH2N 

NHiN 

(un- 

So- 

Slyke 

Formol 

dium 

(hy- 

(hy- 

hy- 

dium 

(hy- 

(hy- 

ethy- 

dro- 

dro- 

dro- 

ethy- 

dro- 

dro- 

Egg 

late 

lyzed) 

lyzed) 

lyzed) 

late 

lyzed) 

lyzed) 

Spray-dried  A 

0.35 

0.39 

0.41 

0.27 

30 

32 

33 

Spray-dried  B 

0.36 

0.39 

0.37 

0.31 

27 

29 

28 

Lyophilized 

0.42 

0.44 

0.44 

0.40 

37 

38 

38 

A,  stored 

0.31 

0.28 

0.30 

0.10 

27 

25 

28 

not  invalidate  the  conclusions  to  be  drawn  as  regards  the  con¬ 
tribution  made  by  cephalin  to  the  apparent  acidity  of  the  acetone- 
soluble  oil. 

The  lower  halves  of  Tables  II  and  III  show  that  drying  prior  to 
ether  extraction  results  in  appreciably  lower  acidities  of  the  ether 
extracts.  This  result  is  correlated  with  the  lower  percentage  of 
phospholipid  in  these  oils.  The  effect  of  the  moisture  content  of 
the  egg  at  the  time  of  extraction  on  the  resulting  acidity  of  the 
ether  extract  will  be  discussed  in  more  detail  later. 

Alkali-Binding  Capacity  and  Amino  Nitrogen  of  Ace¬ 
tone-Insoluble  Fraction.  It  has  been  determined  that  ap¬ 
proximately  70%  of  the  acidity  of  the  ether  extract  from  fresh 
egg  powders  resides  in  the  acetone-insoluble  (phospholipid)  frac¬ 
tion  of  the  extracted  oil.  Presumably,  under  the  conditions  of 
extraction  and  subsequent  titration,  the  primary  amino  group 
of  the  cephalin  constituent  is  responsible  for  the  alkali-binding 
capacity,  since  no  other  reactive  compounds  have  been  reported 
in  egg  which  would  appear  in  this  fraction.  The  amino  nitrogen 
content  was  determined  according  to  the  method  of  Van  Slyke, 
on  weighed  portions  dissolved  in  glacial  acetic  acid  and  on  ali¬ 
quots  of  hydrolyzed  material,  and  also  by  the  formol  titration 
method  on  the  hydrolyzate. 

For  the  hydrolysis,  weighed  portions  of  the  phospholipid  were 
refluxed  with  2  N  sulfuric  acid  for  48  hours;  the  fatty  acids  were 
removed  by  filtration  and  washed  with  hot  2  N  sulfuric  acid  and 
the  filtrate  was  made  up  to  volume.  The  data  given  in  Table  IV 
show  satisfactory  agreement  between  the  equivalents  of  alkali¬ 
binding  capacity  and  amino  nitrogen  content  as  determined  on 
the  hydrolyzed  phospholipid.  Thus,  for  the  acetone-insoluble 
fractions  obtained  from  the  unstored  spray-dried  powders,  both 
the^  alkali-binding  and  amino  nitrogen  equivalents  indicate  that 
about  30%  of  the  total  nitrogen  exists  as  cephalin.  For  the  lyo- 
philized  egg  sample,  the  value  is  higher,  both  measurements  in¬ 
dicating  a  cephalin  content  of  about  38%.  The  Van  Slyke  values 
on  the  unhydrolyzed  phospholipids  are  lower,  notably  so  for  the 
stored  egg  powder.  This  finding  is  in  agreement  with  the  report 
of  Chargaff  et  al.  ( 6 )  that  the  amino  nitrogen  of  various  phospho¬ 
lipid  preparations,  including  egg,  decreased  on  storage,  but  that 
hydrolysis  of  the  stored  preparations  gave  considerably  higher 
values.  The  agreement  between  the  sodium  ethylate  equivalence 
values  for  the  unhydrolyzed  phospholipid  and  the  amino  nitrogen 
values  for  the  hydrolyzed  phospholipid  suggests  that  the  disap¬ 
pearance  of  the  amino  group  may  have  been  due  to  the  formation 
of  an  amide  that  is  easily  hydrolyzed  by  alkali.  Chargaff  et  al. 
(6)  postulated  amide  formation  in  their  study  but  did  not  test  its 
lability  to  alkali. 

Acidity  of  Acetone-Soluble  Fractions.  It  has  been  noted 
(Table  III)  that  about  10%  of  the  nitrogen  and  phosphorus  in 
the  ether-extracted  oils  from  the  unstored  egg  powders  remained 
in  the  acetone-soluble  fractions.  In  order  to  correct  the  acidity 
of  this  fraction  for  nonfree-fatty-acid  acidity,  the  cephalin  con¬ 
tent  was  estimated  by  amino  nitrogen  determinations  and  also 
by  determining  the  difference  between  equivalents  of  total  phos¬ 
phorus  and  choline.  The  analyses  were  carried  out  on  hydroly- 
zates  prepared  by  autoclaving  weighed  portions  of  the  acetone- 


soluble  oils  in  3  N  hydrochloric  acid  for  4  hours  at  250°  F.;  the 
fatty  acids  were  removed  with  ether.  From  the  average  value 
of  the  two  independent  determinations  (Table  V)  cephalin  was 
found  to  represent  about  23%  of  the  acidity  of  the  acetone- 
soluble  fractions  of  the  fresh  egg  oils,  leaving  the  bulk  of  the  acid¬ 
ity  to  be  accounted  for  by  free  fatty  acids.  The  acetone-soluble 
fraction  from  the  stored  egg  powder  contained  less  than  3%  of 
its  acidity  as  cephalin;  the  free  fatty  acid  content  was  approxi¬ 
mately  10  times  that  for  the  corresponding  fractions  for  the  un¬ 
stored  egg  powders. 

Converted  back  to  the  whole  oil  basis,  the  data  of  Table  VI 
show  that  not  more  than  about  22  to  26%  of  the  acidity  of  the 
ether  extract  from  fresh  egg  powder  is  due  to  free  fatty  acids. 


Table  V.  Alkali-Binding  Capacity  of  Acetone-Soluble  Fractions 

(Milliequivalents  per  Gram  of  Acetone-Soluble  Oil)  X  20 


Egg 

Choline 

Total  P  — 
choline® 

Formol 

nh2n 

Na 

ethylate 

Approxi¬ 
mate 
cephalin  b 

Net 

free 

fatty 

acids 

Spray-dried  A 

0.27 

0.12 

0.085 

0.41 

0.10 

0.31 

Spray-dried  B 

0.29 

0.11 

0.080 

0.46 

0.10 

0.36 

Lyophilized 

0.24 

0.11 

0.092 

0.41 

0.10 

0.31 

A,  stored 

0.55 

0.07 

0.081 

3.33 

0.08 

3.25 

°  Total  milliequivalents  of  phosphorus  per  gram  of  acetone-soluble  oil 
minus  milliequivalents  of  choline  per  gram  of  acetone-soluble  oil  taken  to 
equal  milliequivalents  of  cephalin;  assumed  that  only  negligible  amounts  of 
phospholipid  other  than  lecithin  and  cephalin  are  present. 
b  Mean  of  values  in  columns  2  and  3. 


Table  VI. 

Summary  of  Acidity 

Fractionation 

Ml.  of 

Acidity  Due  to 

%  of  Acidity  Due  to 

Sodium 

Ace- 

Ace- 

Ace- 

Ace- 

Ethvlate 

tone- 

tone- 

tone- 

tone- 

(0.05  A0 

insolu- 

solu- 

insolu- 

solu- 

per  Gram 

ble 

ble 

Free 

ble 

ble 

Free 

of  Ether 

cepha- 

cepha- 

fatty 

cepha- 

cppha- 

fatty 

Egg 

Extract 

lin 

lin 

acids 

lin 

lin 

acids 

Spray-dried 

A 

Spray-dried 

1.08 

0.70 

0.09 

0.28 

65 

8 

26 

B 

1.22 

0.82 

0.09 

0.32 

67 

7 

26 

Lyophilized 

1.22 

0.86 

0.09 

0.27 

71 

7 

22 

A,  stored 

3.60 

0.54 

0.08 

2.97 

15 

2 

83 

Moisture  Content  and  Acidity  of  the  Ether  Extract. 
Vacuum-oven  drying  of  the  four  egg  powders  before  extraction 
with  ether  resulted  in  appreciably  lower  acidities  of  the  ether  ex¬ 
tracts  and  the  data  showed  that  this  lower  acidity  was  correlated 
with  reduced  phospholipid  content  of  the  oil.  Additional  data 
were  obtained  on  one  batch  of  egg  powder  adjusted  to  four  mois¬ 
ture  levels.  A  commercial  spray-dried  powder  was  dried  in  a 
vacuum  oven  at  55°  C.  with  a  pressure  of  about  3  mm.  of  mer¬ 
cury  for  24  hours,  resulting  in  a  powder  containing  0.86%  mois¬ 
ture.  Portions  of  this  powder  were  adjusted  to  0.31,  1.75,  and 
4.99%  moisture  by  being  held  over  Anhy drone,  71%  sulfuric 
acid,  and  51%  sulfuric  acid,  respectively,  in  evacuated  desicca¬ 
tors.  Ether  extracts  were  obtained  as  before.  With  increasing 
moisture  content  the  acidity  of  the  ether  extract  increases.  This 
can  be  correlated  with  increased  phospholipid  extraction,  as  evi¬ 
denced  by  greater  acetone-insoluble  nitrogen  and  phosphorus 
contents  of  the  oils  (Table  VII).  The  acetone-soluble  oil  yield  is 
not  appreciably  affected.  Thus,  if  we  assume  that  the  increased 
phospholipid  extracted  contains  cephalin,  it  is  apparent  that 
the  increased  acidities  are  attributed  to  increased  extraction  of 
phospholipid. 

DISCUSSION 

The  incomplete  extraction  of  liberated  fatty  acids  results  in 
low  absolute  values  for  increases  in  fatty  acidity  of  the  egg  powder 
during  storage  or  lipolysis  studies.  This  source  of  error  can  be 
eliminated  by  reconstituting,  acidifying  to  pH  4.5,  and  drying 
the  egg  in  the  frozen  state  under  vacuum,  prior  to  extracting  the 
oil. 
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Table  VII.  Acidity  and  Composition  of  Ether  Extract  as  Related 
to  Moisture  Content 


0.05  Ar 

Dry  Egg  Basis 

Whole  Oil  Basis 

Sodium  Ethyl- 

Ace- 

Ace- 

ate  per 

tone- 

Ace- 

tone- 

Ace- 

Gram  o{ 

insolu- 

tone- 

insolu- 

tone- 

h2o 

Ether  Extract 

ble 

soluble 

ble 

soluble 

N 

P 

% 

Ml. 

% 

% 

% 

% 

% 

% 

0.31 

0.93 

3 . 5 

33.2 

9.5 

90.5 

0.178 

0.352 

0.86 

1.08 

3 . 5 

32.7 

9.8 

90.2 

0.195 

0.362 

1.75 

1.17 

4.0 

32.7 

10.8 

89.2 

0.204 

0.382 

4.99 

1.28 

4.7 

33.1 

12.4 

87.6 

0.240 

0.458 

In  the  measurement  of  the  free  fatty  acid  content  of  egg  oil,  and 
of  animal  lipoids  and  certain  vegetable  oils,  the  alkali-binding 
capacity  of  cephalin  must  be  taken  into  account,  since  in  many 
cases  it  constitutes  the  major  portion  of  the  acidity  of  the  whole 
ether  extract.  This  fact  was  recognized  recently  by  Hutt  and 
Weatherall  (15)  in  estimating  the  free  fatty  acid  content  of  com¬ 
mercial  lecithins  and  by  Fairbairn  ( 8 )  in  lipolytic  enzyme  studies 
on  phospholipids.  Acetone  precipitation  suffices  to  remove  the 
greater  portion  of  the  cephalin  and,  if  complete  elimination  of. 
cephalin  is  deemed  necessary,  alcoholic  magnesium  chloride  in 
conjunction  with  acetone  can  be  used  ( 8 ,  H). 

In  egg  oil,  the  cephalin  contributes  a  large  portion  (60  to  70%) 
of  the  acidity  of  the  whole  ether  extract,  thus  obscuring  signifi¬ 
cant  percentage  increases  in  the  free  fatty  acidity  of  the  egg — 
i.e.,  the  percentage  increase  in  the  acidity  of  the  whole  ether  ex¬ 
tract  may  be  relatively  small  while  there  may  be  a  significantly 
large  increase  in  the  free  fatty  acidity.  For  example,  as  shown  in 
Table  IV,  the  difference  between  the  acidities  of  ether  extracts  of 
lyophilized  (unstored)  and  stored  egg  was  about  3-fold;  correc¬ 
tion  for  the  cephalin  titer  increased  this  to  greater  than  10-fold. 

Interpretation  of  the  acidity  of  the  ether  extract  is  further  com¬ 


plicated  by  the  variable  ether  extraction  of  cephalin  at  different 
moisture  levels  (Tables  II  and  VII).  Difficulty  in  obtaining  re¬ 
producible  results  on  the  same  lot  of  egg  powder  at  the  same  mois¬ 
ture  level,  due  to  inconsistent  extraction  of  phospholipid,  has 
been  observed. 
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Determination  of  Carotenoids  and  Lipid  Amine-Aldehyde 

Products  in  Dehydrated  Egg 

H.  J.  DUTTON1  and  B.  G.  EDWARDS 

Western  Regional  Research  Laboratory,  U.  S.  Department  of  Agriculture,  Albany,  Calif. 


A  spectrophotometric  method  for  the  determination  of  carotenoid 
content  and  a  fluorometric  method  for  the  determination  of  ether- 
soluble  brown  products  in  powdered  eggs  are  described.  The  de¬ 
velopment  of  brown  lipid  substances  in  stored  egg  powders  introduces 
errors  into  the  direct  photometric  measurement  of  carotenoids; 
however,  these  errors  are  minimized  by  the  spectrophotometric 
procedure  described.  Both  determinations  can  be  performed  upon 
a  single  ether  extract  of  egg  powder. 


LOSS  of  carotenoid  indicates  oxidative  degradation  in  stored 
egg  powder  ( 1 ).  The  concentration  of  fluorescent  lipid 
amine-aldehyde  products  in  egg  powders  is  also  of  interest,  since 
recent  studies  have  found  correlation  coefficients  between  lipid 
fluorescence  values  and  palatability  of  —0.79  to  —0.98  (9). 

In  connection  with  the  research  program  on  the  evaluation  of 
miscellaneous  egg  powders  in  this  laboratory,  the  quantitative 
methods  described  below  were  devised  for  determination  of 
carotenoids  and  brown  products.  Previously  published  methods 
for  spectrophotometric  determination  of  carotenoids  in  dehy¬ 
drated  egg  (5,  8)  have  involved  saponification  and  isolation  of  the 
carotenoids  in  the  unsaponifiable  fraction.  This  step  has  been 

1  Present  address,  Northern  Regional  Research  Laboratory,  Peoria,  Ill. 


desirable,  since  brown  substances  in  lipid  extracts  of  stored  pow¬ 
ders  interfere  with  spectrophotometric  determination  of  carote¬ 
noid.  Brown  substances,  including  the  lipid  amine-aldehyde  prod¬ 
ucts,  can  be  separated  from  the  carotenoids  by  saponification 
and  solvents  partition;  the  lipid  amine-aldehyde  products  have 
been  measured  spectrophotometrically  and  fluorometrically  in 
the  acid  aqueous  portion  of  the  saponifiable  fraction  (1,3). 

In  the  present  paper  a  combined  spectrophotometric  and 
fluorometric  method  is  presented  by  which  carotenoids  and  lipid 
amine-aldehyde  products  can  be  determined  directly  upon  the 
ether  extract  of  egg  powder  without  recourse  to  saponification 
and  solvents  partition. 

SPECTROPHOTOMETRIC  METHOD  FOR  CAROTENOID  CONTENT 

The  problems  of  spectrophotometric  determination  of  carote¬ 
noids  in  ether  extracts  of  stored  egg  powders  can  be  illustrated  by 
the  absorption  curves  of  Figure  1.  The  absorption  curve  of  the 
sample  stored  for  9  months  at  15°  F.  is  hardly  distinguishable 
from  that  of  a  freshly  dehydrated  egg.  In  the  sample  stored  for 
9  months  at  98°  F.  the  carotenoid  maxima  are  barely  visible 
when  superimposed  upon  the  broad  general  absorption  band  of 
brown  substances.  It  is  obvious  that  calculation  of  carotenoid 
content  from  the  observed  density  at  a  single  wave  length,  while 
justifiable  in  the  case  of  the  sample  stored  at  15°  F.,  would  intro- 
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Since  the  absorption  coefficients  of  the  brown 
material  appear  in  Equation  4  only  as  the  ratio 

values  for  the  individual  coefficients  are 


<XB 


<*b380’ 

D445 

unnecessary.  The  ratio  used  is  obtained  on 

extracts  of  egg  powders  in  which  brown  sub¬ 
stances  had  developed  and  carotenoids  had  been 
largely  destroyed.  Correction  is  made  for  ab¬ 
sorption  due  to  the  small  amounts  of  remaining 
carotenoids  by  drawing  through  the  region  of 
carotenoid  absorption  a  hypothetical  curve  (the 
dotted  line  of  Figure  1)  representative  of  absorp¬ 
tion  due  to  brown  products  only.  The  position 
of  this  curve  on  either  side  of  the  range  of  carote¬ 
noid  absorption  is  given  by  the  height  of  the 
total  lipid  extract  curve;  its  shape  conforms  to 
what  is  known  of  the  absorption  curve  of  brown 
lipid  materials  in  egg  ( 1 ).  The  average  value 


thus  found  for  the  ratio 


■  was  0.395  in  six  de- 


Figure  1 .  Absorption  Spectra  of  Ether  Extracts  of  Egg  Powders  Stored  9  Months 

X380  m/t  and  X445  m/i  are  indicated  by  vertical  lines.  Dotted  line  is  a  hypothetical  curve  representing 
absorption  due  to  brown  products  alone 


duce  large  errors  in  the  case  of  the  sample  stored  at  the  higher 
temperatures. 

The  spectrophotometric  method  described  here  is  based  on  the 
assumption  that  absorption  by  ether  extracts  of  egg  powders  is 
due  to  two  components,  the  carotenoid  pigment  and  the  brown 
substances  which  develop  during  storage.  Each  of  these  com¬ 
ponents  is  actually  a  complex  mixture  of  substances  of  similar 
absorption  properties.  The  simplification  of  considering  the  ab¬ 
sorbing  system  as  a  binary  mixture  permits  a  rapid,  reliable  spec¬ 
trophotometric  determination  of  carotenoid  content. 

Density  measurements  are  made  at  XX  380  and  445  m/j,  corre¬ 
sponding  to  a  minimum  and  a  maximum,  respectively,  in  the 
carotenoid  absorption  curve.  These  densities  can  be  expressed 
by  the  usual  simultaneous  equations  for  a  binary  mixture  to 
which  the  Beer-Lambert  law  is  applicable  ( 6 ) : 


terminations  which  ranged  from  0.37  to  0.45. 

A  slightly  lower  value  for  this  ratio  was  ob¬ 
tained  by  the  following  method.  The  carotenoid 
contribution  to  total  density  at  XX  445  and  380  myu 
was  estimated  as  the  total  densities  of  the  un- 
saponifiable  fraction  at  these  wave  lengths  (1). 
These  densities  were  subtracted  from  the  cor¬ 
responding  densities  of  the  total  extract  to  give 
densities  due  to  brown  substances  alone,  from 
as445 

which  the  ratio  — ^  was  calculated.  However, 

(*B380 

the  graphic  method  of  correcting  for  residual 
carotenoid  content  is  preferred  because  it  is  not 
influenced  by  any  loss  of  carotenoid  by  isomeriza¬ 
tion  or  destruction  during  saponification. 

The  value  used  for  the  absorption  coeffi¬ 
cient,  ai41s  =  255.5,  is  Zscheile’s  for  lutein 
in  ethanol  (10).  Since  the  absorption  of  egg 
carotenoids  in  ether  was  found  not  to  differ  significantly  from 
that  in  ethanol,  the  use  of  Zscheile’s  value  would  introduce 
little  error.  However,  calculation  of  a  coefficient  for  a  3  to  1 
mixture  of  lutein  and  zeaxanthin  as  performed  by  Schrenk  (8) 
would  give  a  slightly  lower  result. 

The  coefficient  a380  was  estimated  by  measuring  the  ratio  of 

I  )446  . 

densities  on  various  freshly  dehydrated  egg  samples  contain¬ 
ing  no  brown  substance.  The  average  of  25  determinations  was 
3.65.  By  combination  of  this  average  with  the  figure  above  for 
a*446  the  value  ax380  =  70  is  obtained.  Substitution  of  these 
numerical  values  into  Equation  4  gives  finally  the  carotenoid  con¬ 
tent  in  grams  per  liter. 


Cx  = 


D448  =  ttl448  Cxl  +  as446  CBl 
D380  =  ax380  Cxl  +  a£380  Cel 


(1) 

(2) 


D446  -  0.395  D38“ 
227.8 


(5) 


x  and  B  refer  to  carotenoid  and  brown  pigment,  respectively; 
the  numbers  refer  to  the  wave  lengths;  D,  a,  C,  and  l  have  their 
usual  meanings  of  density,  absorption  coefficient,  concentration, 
and  path  length,  a  as  used  here  is  defined  by  the  equation 


Solution  of  Equations  1  and  2  for  CB  is  not  useful  at  present, 
since  there  is  no  satisfactory  method  of  finding  absolute  values 
of  the  absorption  coefficients  as446  and  as380.  However,  relative 
values  of  the  concentration  of  brown  substances  can  be  found 
by  using  Equation  2  (with  l  =  1  cm.)  in  the  form 


log 


ft), 


Db380  =  as380  CB  =  D380  -  70  Cx 


(6) 


Cl 


Dx 

Cl 


(3) 


Since  a  path  length  of  1  cm.  was  used  in  these  experiments,  the 
solutions  of  Equations  1  and  2  for  carotenoid  content  can  be 
written 


J)  446 


Cx  = 


/<*b446\ 

VaB380/ 


D3 


a2 


/«b445\ 

w80/ 


(4) 


Investigations  made  for  the  purpose  of  evaluating  this  method 
have  shown  that  the  quantity  Db380  increases  during  storage  at 
low  temperatures  while  the  fluorescence  value  described  below 
remains  constant.  Thus  the  value  Db380  probably  does  not  meas¬ 
ure  the  same  material  that  is  determined  by  the  fluorescence 
value.  The  spectrophotometric  procedure  for  determination  of 
lipid  amine-aldehyde  products  cannot  be  recommended  therefore 
before  the  completion  of  further  studies  designed  to  improve  its 
specificity. 
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FLUOROMETRIC  METHOD  FOR  BROWN  LIPID  AMINE-ALDEHYDE 
PRODUCTS 

Previous  work  has  demonstrated  that  the  lipid  amine-aldehyde 
products  are  primarily  responsible  for  the  fluorescence  observed 
in  ether  extracts  of  dehydrated  egg  ( 1 ).  Development  of  a  fluo- 
rometric  method  for  estimating  these  products  requires  some 
general  information  about  fluorometrie  behavior  of  egg  extract 
as'well  as  a  practical  technique  for  controlling  extraneous  fluores¬ 
cence. 

In  the  develop¬ 
ment  of  the  pro¬ 
cedure,  the  influ¬ 
ence  of  two  factors 
upon  the  fluores¬ 
cence  value  of  ex¬ 
tracts  of  egg  lipids 
has  been  studied: 
the  effect  of  varia¬ 
ble  carotenoid  con¬ 
tent  in  lipid  extracts 
and  the  effect  of 
dilution  upon  the 
measured  fluores¬ 
cence  value.  In  the 
procedure  herein 
described  the  fluo¬ 
rescence  value  is 
defined  as  fluores¬ 
cence  of  solution 
minus  fluorescence 
of  solvent  on  a  scale 
such  that  fluores¬ 
cence  of  the  stand¬ 
ard  (0.4  microgram  of  quinine  sulfate  per  ml.)  equals  100. 

Table  I  gives  fluorescence  values  of  a  standard  egg  oil  solution 
to  which  increasing  amounts  of  a-carotene  have  been  added. 
(The  oil,  obtained  by  ether  extraction  of  freshly  lyophilized  egg, 
had  become  highly  discolored  and  had  lost  all  its  carotenoid  after 
being  stored  for  11  days  at  145°  F.)  Since  carotene  has  approxi¬ 
mately  the  same  molecular  weight  and  the  same  absorption  prop¬ 
erties  as  lutein,  the  chief  carotenoid  of  egg,  the  data  in  Table  I 
provide  a  basis  for  estimating  the  validity  of  fluorescence  values 
obtained  in  the  presence  of  variable  amounts  of  carotenoid  pig¬ 
ment.  The  solution  of  0.4  microgram  per  ml.  of  carotene  corre¬ 
sponds  to  the  extract  of  an  egg  with  extremely  high  pigmentation. 
It  is  apparent  from  the  table  that  the  presence  of  egg  carotenoid 
does  not  invalidate  fluorescence  measurement. 

In  Figure  2  the  open  circles  show  the  change  in  fluorescence 
with  concentration  of  the  egg  oil,  which  represents  the  concentra¬ 
tion  of  brown  lipid  amine-aldehyde  material.  Fluorescence 
intensities  below  50  are  in  approximately  linear  relation  with 
concentration  of  fluorescent  material.  Above  this  value  devia¬ 
tions  from  linearity  increase  and  the  curve  goes  through  a  maxi¬ 
mum.  The  curve,  carried  only  to  10  mg.  per  liter  in  Figure  2, 
continues  to  fall;  for  a  concentration  of  145  mg.  per  liter  the  fluo¬ 
rescence  is  only  20.  Similar  curves  for  other  fluorescent  mate¬ 
rials  have  been  published  (4).  It  is  therefore  evident  that  this 
fluorescence  method  must  be  considered  strictly  empirical;  the 
ratio  of  grams  of  egg  extracted  to  volume  of  fluorescent  solution 
must  be  held  constant. 

COMBINED  SPECTROPHOTOMETRIC  AND  FLUOROMETRIC  PROCEDURE 

All  the  glassware  used,  including  the  Soxhlet  condensers,  must 
be  frequently  and  thoroughly  cleaned  with  dichromate-sulfuric 
acid.  The  thimbles  and  cotton  are  ether-extracted  for  2  hours 
before  use,  dried,  and  kept  free  from  dust.  Fluorescence  of 
ether  is  reduced  to  a  minimum  by  redistillation  after  refluxing 
over  a  lead-sodium  alloy.  (Because  of  its  high  fluorescence, 
commercial  anhydrous  ether  is  not  a  suitable  solvent.)  In  this 
way  extraneous  fluorescence  is  reduced  to  a  low,  constant  value. 


Diethyl  ether  was  selected  as  a  solvent  because  (a)  extraction 
for  4  hours  in  the  micro-Soxhlet  apparatus  gave  better  spectro¬ 
photometric  reproducibility  than  any  ■  grinding,  shaking,  or 
stirring  technique;  (6)  a  low-boiling  solvent  is  required  in  this 
procedure  in  order  to  minimize  heat-induced  change  in  the  egg. 

One  gram  of  dehydrated  egg  is  extracted  with  anhydrous  ether 
(prepared  as  described  above)  for  4  hours  in  a  micro-Soxhlet  ex¬ 
tractor.  The  extract  is  diluted  to  25  ml.  with  anhydrous  ether 
and  the  optical  density  determined  spectrophotometrically  at 
wave  lengths  380  and  445  m ^  in  a  cell  of  1-cm.  path  length. 
(The  Beckman  quartz  spectrophotometer  model  DU  was  used 
in  this  study.)  Carotenoid  content  of  the  egg  powder  is  calcu¬ 
lated  by  the  following  formula,  which  takes  into  account  the 
dilutions  specified: 

Micrograms  of  carotenoids  per  gram  of  egg  powder  = 

110  (D446  —  0.395  D380)  (7) 

_For  determination  of  the  lipid  fluorescence  value,  1  ml.  of  the 
25-ml.  extract  described  above  is  diluted  to  10  ml.  with  anhy¬ 
drous  diethyl  ether.  The  fluorescence  intensity  is  determined 
with  the  aid  of  the  365  nqi  line  of  mercury  for  excitation — e.g., 
Coleman  electronic  photofluorometer  with  filters  Bi  and  PC! — 
subtracting  the  fluorescence  of  the  ether  blank  from  the  reading, 
and  using  quinine  sulfate  as  fluorescence  standard  (0.4  /zg.  per 
ml.  dissolved  in  0.10  N  sulfuric  acid). 

EVALUATION  AND  APPLICATION  OF  METHODS 

Data  concerning  reproducibility  of  results  are  shown  in  Table 
II.  Replicate  analyses  were  made  on  6  samples  of  egg  represent¬ 
ing  a  vide  range  of  carotenoid  and  fluorescence  values.  The 
standard  deviation,  a-,  for  carotenoids  expressed  as  per  cent  of  the 
mean  tended  to  diminish  slightly  with  increasing  concentration 
of  carotenoid,  a  for  carotenoids  is  not  affected  by  the  quantity 


Table  I.  Effect  of  Added  Carotene  on  Fluorescence  of  a  Discolored 
Egg  Oil  in  Ether  Solution 


Concentration 

Fluores¬ 

Concentration 

Fluores¬ 

of  Carotene 

cence 

of  Carotene 

cence 

y-g./ml. 

0 

96 

lig./ml. 

0.4 

86 

0.1 

93 

0.5 

85 

0.2 

89 

1.6 

65 

0.3 

87 

2.7 

54 

Each  liter  of  solution  contained  1.74  mg.  of  an  oil  obtained  by  ether- 
extraction  of  freshly  lyophilized  egg  and  stored  11  days  at  145°  F. 


Table  II.  Reproducibility  of  Spectrophotometric  and  Fluorometrie 

Methods 

Spectrophotometric 

Carotenoid  Fluorometrie 


content,  mean 

<r  as 

Lipid 

a  as 

Sample 

H20, 

No. 

of  Mg.  /gram 

%  of 

fluorescence 

%  of 

No. 

% 

Replicates  dried  egg 

mean 

value 

mean 

1 

5 

6 

9.48 

4.08 

75.4 

9.75 

2 

2.5 

8 

11.1 

2.85 

•  40.2 

5.48 

3 

0.7 

7 

28.3 

3.78 

22.0 

8.54 

4 

2.6 

8 

53.3 

4.20 

40.6 

7.11 

5 

2.5 

6 

60.0 

4.82 

3.10 

13.98 

6 

5 

6 

108 

5.04 

7.08 

2.53 

Av.  %  of  mean 

4.13 

7.90 

Table  III.  Application  of  Spectrophotometric  Method  to  a  Storage 

Experiment 

Spectrophotometric  Method — Carotenoids 


Difference 


Storage 

Conditions 

Direct 

Chemical 

fractionation 

Binary 

from  Chemical 
Direct 

Temp. 

Duration 

(X  445) 

(X  445) 

(X  445,  380) 

method 

Binary 

°  F. 

Months 

ygj  gram 
dried  egg 

yg./gram 
dried  egg 

ng./ gram 
dried  egg 

% 

% 

15 

i 

29.3 

25.3 

28.9 

13.4 

12.4 

15 

6 

27.4 

24.7 

27.2 

9.8 

9.2 

15 

9 

28.7 

25.7 

28.6 

10.5 

10.1 

70 

1 

26.35 

23.4 

26.8 

11.4 

12.7 

70 

3 

27.3 

23.3 

25.7 

14.6 

9.3 

70 

6 

25.2 

21.2 

22.3 

16.0 

5.0 

70 

9 

25.3 

18.2 

21.2 

28.1 

14.2 

98 

1 

27 .5 

20.95 

21.7 

23.8 

3.4 

98 

3 

30.3 

19.8 

21.15 

34.6 

6.3 

98 

6 

29.2 

18.0 

19.2 

38.2 

6.3 

98 

9 

18.0 

9.2 

9.5 

48.8 

3.1 

CONCENTRATION  OF 
EGG  LlPiDS(mg/mlrt 

Figure  2.  Change  in  Fluorescence  Value 
with  Concentration  of  Brown  Lipids  from 
Stored  Egg 

Open  circles  represent  ether  solutions  of  stored 
egg  lipids.  Half-filled  circles  show  amount  of 
deviation  caused  by  introduction  of  crystalline 
a-carotene  in  concentration  equivalent  to  that  of 
carotenoid  in  exbacts  of  average  unstored  egg 
(approximately  50  rzg./gram  of  powder) 


January,  1946 


ANALYTICAL  EDITION 


41 


of  fluorescent  material  or  by  moisture  level.  Since  <r  for  fluores¬ 
cence  intensity  is  higher  than  for  carotenoid  concentration,  the 
fluorometric  method  is  obviously  less  reproducible  than  the 
spectrophotometric  method  for  carotenoids. 

Spectrophotometric  determinations  of  the  carotenoid  contents 
of  dehydrated  egg  samples  by  three  different  procedures  are  com¬ 
pared  in  Table  III.  The  values  in  the  column  labeled  “Direct” 
were  obtained  by  measurement  of  optical  density  at  X  445  m^  of 
the  total  ether  extract  on  the  assumption  that  all  absorption  at 
this  wave  length  was  caused  by  carotenoid.  The  values  labeled 
“Chemical  Fractionation”  were  found  in  the  same  manner,  except 
that  measurements  were  made  on  the  unsaponifiable  fraction  of 
the  ether  extract.  The  values  labeled  “Binary”  were  obtained 
from  optical  density  measurements  at  XX  445  and  380  my  on  the 
total  ether  extract  and  use  of  Equation  5. 

Divergence  between  results  by  the  direct  method  and  the 
chemical  method  is  due  to  at  least  two  errors.  These  are  the  posi¬ 
tive  error  inherent  in  the  direct  method  due  to  absorption  by 
brown  substances  in  the  lipid  extracts  and  the  negative  error  in 
the  chemical  method  due  to  loss  or  destruction  of  carotenoids 
during  the  saponification  procedure.  Samples  low  in  brown 
products  (storage  temperature  15°  F.)  show  only  the  effect  of 
saponification  losses  in  carotenoid.  With  these  samples,  there¬ 
fore,  the  binary  procedure  herein  described  will  prevent  carote¬ 
noid  destruction  by  avoiding  saponification  and  will  produce  re¬ 
sults  comparable  to  those  obtained  by  the  direct  method.  The 
other  egg  samples,  which  have  developed  brown  discoloration,  are 


subject  to  both  the  absorption  error  and  the  saponification  error. 
Since  these  two  types  of  error  are  eliminated  by  the  binary 
method,  it  thus  has  the  advantages  of  both  accuracy  and  rapidity. 

Although  the  spectrophotometric  and  fluorometric  procedures 
have  been  described  as  a  combined  method  to  be  used  on  the  same 
extract,  either  determination  can  be  made  separately  or  in  con¬ 
nection  with  any  other  procedure  that  may  be  of  interest.  The 
ether-extracted  egg  powder  residue,  for  instance,  is  suitable  for 
obtaining  additional  information  by  means  of  reflectance  and 
salt  fluorescence  procedures  (7,  9).  Some  results  obtained  by 
the  use  of  the  latter  techniques  will  be  published  separately  (2). 
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Spectrophotometric  Method  for  Estimating  Gossypol 

in  Crude  Cottonseed  Oil 

F.  H.  SMITH,  State  College  of  Agriculture  and  Engineering,  Raleigh,  N.  C. 


Spectral  absorption  curves  of  the  dianilino  derivative  of  pure  gossypol 
and  that  of  the  gossypol  in  an  expeller  and  hydraulic  crude  cotton¬ 
seed  oil  are  given.  A  rapid  spectrophotometric  method  having  the 
accuracy  and  precision  of  the  gravimetric  method  for  estimating  the 
gossypol  content  of  crude  cottonseed  oil  is  presented.  The  time 
required  for  the  analysis  is  less  than  2  hours. 

THE  gravimetric  method  for  the  determination  of  gossypol  is 
based  upon  the  reaction  of  gossypol  with  aniline  to  form  a 
relatively  insoluble  dianilino  derivative.  The  reaction,  however, 
proceeds  rather  slowly;  and,  in  the  presence  of  cottonseed  oil, 
the  recovery  of  gossypol  is  not  completely  quantitative.  Royce 
(2)  has  proposed  a  method  in  which  the  dianilino-gossypol  is  pre¬ 
cipitated  in  the  presence  of  pyridine.  The  precipitate  contains 
two  molecules  of  pyridine  of  crystallization,  which  is  less  soluble; 
consequently,  the  recovery  of  gossypol  is  improved,  but  7  to  20 
days  are  required  for  complete  precipitation.  The  method  has 
been  modified  by  Royce  and  Kibler  (4),  and  further  modified  by 
Royce,  Harrison,  and  Deans  (3)  and  by  Halverson  and  Smith  ( 1 ). 
The  latter,  with  the  use  of  heat  and  constant  agitation  of  the 
mixture,  were  able  to  shorten  the  time  required  for  precipitation 
to  72  hours,  with  an  over-all  time  of  5  days  required  for  the 
determination. 

This  paper  presents  a  colorimetric  method  that  requires  about 
1.5  hours  for  the  determination  of  gossypol  which  has  a  preci¬ 
sion  approaching  that  of  the  gravimetric  method.  This  method 
is  based  on  the  reaction  of  gossypol  with  aniline;  but,  in  contrast 
with  the  gravimetric  method,  the  dianilino-gossypol  is  soluble  in 
the  reagents  used  at  the  concentration  required  by  the  spectropho- 
tor-etric  method. 

EXPERIMENTAL 

A  standard  solution  of  pure  gossypol  was  prepared  by  dis¬ 
solving  50  mg.  of  pure  gossypol  in  about  10  to  15  ml.  of  peroxide- 


free  ethyl  ether,  adding  5  grams  of  Wesson  oil,  and  removing  the 
ether  under  reduced  pressure  while  warming  the  flask  in  warm  wa¬ 
ter  not  above  60°  C.  The  Wesson  oil  solution  was  made  to  500 
ml.  with  Skellysolve  B. 

Aliquots  of  this  solution  were  used  for  preparation  of  a  stand¬ 
ard  transmittance-concentration  curve  and  a  spectral  absorption 
curve.  The  spectral  absorption  curve  was  obtained  by  pipetting 
2-ml.  aliquots  of  this  solution  into  each  of  two  25-ml.  volumetric 
flasks.  One  of  these  aliquots  was  made  to  volume  with  Skelly¬ 
solve  B  to  be  used  as  a  blank  for  preparing  the  absorption  curve. 
The  color  was  developed  in  the  other  aliquot  after  diluting  to  5 
ml.  and  heating  with  0.5  ml.  of  aniline  for  40  minutes  as  described 
under  Procedure.  After  diluting  to  volume,  the  spectral  absorp¬ 
tion  curve  1,  Figure  1,  was  determined  with  the  Beckman  spec¬ 
trophotometer,  using  the  hydrogen  discharge  tube. 


An  average  value,  for  13  determinations,  of  0.621  for  log  ^  at 


440  n \y  was  obtained  for  0.2  mg.  of  pure  gossypol  in  25  ml.  when 
the  color  was  developed  with  aniline  as  described  under  Procedure 
and  when  square  cuvettes  with  a  depth  of  0.999  cm.  were  used 
on  the  Beckman  spectrophotometer.  The  E\^m  value  at  440 
my  is  776.  The  concentration  of  gossypol  in  grams  per  100  ml. 
log  j  at  440  my. 

may  be  obtained  from  ■- - t — tt— •  From  this  equation, 

J  776  X  cm.  depth 

the  amount  of  gossypol  in  the  aliquot  of  cottonseed  oil  taken  for 
analysis  may  be  obtained  and  the  gossypol  content  calculated. 


A  spectral  absorption  curve  was  determined  with  the  Beckman 
spectrophotometer  for  the  gossypol  contained  in  a  crude  cotton¬ 
seed  oil  produced  by  the  expeller  process  and  in  one  obtained  by 
the  hydraulic  process.  These  oils  are  designated  as  expeller  and 
hydraulic  oils  throughout  this  paper.  In  order  to  compare  the 
absorption  curves  of  the  gossypol  obtained  from  these  oils  with 


pure  gossypol , the  observed  log  ~  values  for  the  gossypol  in  these 


oils  at  the  various  wave  lengths  were  multiplied  by  the  ratio  ob- 
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Figure  1.  Absorption  Curves  of  Aniline 

1.  Pure  gossypol  in  Skellysolve  B.  2.  Expeller  cottonseed  oil  in  Skellysolve  B. 
3.  Hydraulic  cottonseed  oil  in  Skellysolve  B.  In  each  case  absorption  read  against 
respective  untreated  solution 


by  the  corresponding  value  obtained  from  the  respective  crude  oil 
at  this  wave  length.  Curve  2,  Figure  1,  for  the  expeller  oil  fol¬ 
lows  that  of  pure  gossypol,  indicating  that  the  material  repre¬ 
sented  by  curve  2  is  gossypol.  In  the  case  of  the  hydraulic  oil 
represented  by  curve  3,  the  maximum  occurs  between  445  and 
455  m*i  with  a  broad,  rounded  peak  compared  to  the  maximum  be¬ 
tween  435  and  440  m^  for  the  pure  gossypol  and  the  expeller  oil. 
The  absorption  for  the  hydraulic  oil  is  less  than  for  the  pure  gossy¬ 
pol  and  the  expeller  oil  in  the  region  between  385  and  440  ni/j.  and 
is  about  the  same  in  the  region  from  470  to  520  m^i.  The  differ¬ 
ence  between  the  maximum  of  pure  gossypol  and  the  hydraulic 
oil  is  not  sufficient  to  affect  the  analysis  of  gossypol  by  the  spec- 
trophotometric  method.  This  shift  of  the  curve  to  the  right  is 
similar  to  that  occurring  with  extracts  of  cottonseed  meal  (-5)  and 
is  probably  due  to  a  slight  change  in  the  molecule. 

The  standard  transmittance-concentration  curve  was  pre¬ 
pared  by  transferring  three  aliquots  each  of  0.2,  0.3,  0.5,  0.75, 
1.0,  1.5,  and  2.0  ml.  of  the  standard  gossypol  solution  to  25-ml. 
volumetric  flasks.  One  flask  containing  each  level  of  the  stand¬ 
ard  gossypol  solution  was  diluted  to  volume  with  Skellysolve  B 
and  used  as  a  blank  in  the  Coleman  double  monochrometer  spec¬ 
trophotometer.  The  aliquots  in  the  other  volumetric  flasks  were 
diluted  to  5  to  6  ml.  with  Skellysolve  B,  and  0.5  ml.  of  freshly 
distilled  aniline  (water-white)  was  added ;  then  the  color  was  de¬ 
veloped  with  aniline  as  described  under  Procedure.  The  per  cent 
transmittance  was  read  on  the  Coleman  spectrophotometer  at 
440  rri/n.  The  per  cent  transmittance  plotted  against  concentra¬ 
tion  (0.02  to  0.20  mg.  of  gossypol  in  25  ml.)  on  semilog  paper 
gives  a  straight  line  and,  therefore,  obeys  Beer’s  law.  This  line  is 
represented  by  the  following  equation:  concentration  of  gossypol 

/oc  .  '  2.00000  -  log  T  .  .  , .  ,  ,  , 

m  mg./2o  ml.  = - 5 — ■  A  table  may  be  prepared  from 

this  equation  for  converting  transmittance  readings  to  the  cor¬ 
responding  weight  of  gossypol. 

PROCEDURE 

Filter  the  crude  cottonseed  oil  under  reduced  pressure  through 
a  layer  of  washed  Hyflo  Super-Cel  about  2  mm.  thick  placed  over 
a  disk  of  filter  paper  in  a  Hirsch  funnel.  (It  is  necessary  to  wash 
the  Hyflo  Super-Cel  with  hydrochloric  acid  to  remove  the  traces 
of  iron  present,  as  iron  destroys  the  gossypol.  Boil  100  grams  of 
Hyflo  Super-Cel  with  600  ml.  of  distilled  water  and  50  ml.  of  con¬ 
centrated  hydrochloric  acid  for  10  to  15  minutes,  filter  through 
a  large  Buchner  funnel,  and  wash  well  with  distilled  water. 
Repeat  the  process  and  dry.)  Prepare  the  layer  of  Hyflo  Super- 
Cel  by  pouring  a  suspension  of  the  Super-Cel  in  Skellysolve  F  or 


B  over  the  paper  disk  while  suction  is  applied.  Discard  the  first 
few  milliliters  of  oil  filtered.  The  oil  may  be  collected  in  a  test 
tube  placed  in  the  suction  flask.  Pipet  5  ml.  of  the  filtered  crude 
oil  into  a  100-ml.  volumetric  flask,  wiping  the  outside  of  the  pipet 
with  a  clean  cloth  before  adjusting  to  the  mark.  After  draining, 
rinse  the  pipet  into  the  volumetric  flask  with  a  stream  of  Skelly¬ 
solve  B  from  a  wash  bottle.  Make  to  volume  with  Skellysolve 
B.  Transfer  two  3-ml.  aliquots  to  25-ml.  volumetric  flasks.  Di¬ 
lute  one  of  the  aliquots  to  volume  with  Skellysolve  B  to  be  used  as 
the  blank  in  the  spectrophotometric  determination  of  gossypol. 
Dilute  the  other  aliquot  to  6  ml.  with  Skellysolve  B  and  add  0.5 
ml.  of  freshly  distilled  aniline  (water-white);  then  heat  for  40 
minutes  on  the  metal  top  of  the  steam  bath.  Adjust  the  heating 
so  only  a  small  amount  of  steam  is  escaping  from  the  bath.  This 
causes  only  slight  loss  of  Skellysolve  B  during  the  heating.  This 
heating  may  also  be  done  in  a  water  bath  at  60°  to  65°  C. 

As  the  flasks  are  removed  from  the  steam  bath,  add  about  10 
ml.  of  Skellysolve  B  to  prevent  the  aniline  from  separating.  Al¬ 
low  to  cool,  then  make  to  volume  with  Skellysolve  B  and  mix. 
Read  the  per  cent  transmittance  on  the  Coleman  double  mono¬ 
chrometer  spectrophotometer  at  440  m^,  using  the  aliquot  diluted 
with  Skellysolve  B  as  a  blank.  Scale  the  weight  of  gossypol  in  the 
25  ml.  from  the  standard  curve  or  read  it  from  the  prepared  con¬ 
version  table.  This  value  represents  the  weight  of  gossypol  in  the 
aliquot  taken.  The  3-ml.  aliquot  is  equivalent  to  0.15  ml.  of  oil. 
The  specific  gravity,  0.925,  of  cottonseed  oil  times  the  volume 
gives  the  weight  of  oil  used  in  the  determination  (0.925  X  0.15  = 
0. 1388  gram) .  The  per  cent  gossypol  is  found  by  multiplying  the 
weight  of  gossypol  found  in  the  aliquot  by  100  and  dividing  by 
the  weight  of  oil  used. 

The  dianilino-gossypol  color  has  remained  stable  for  as  long  as 
40  hours.  Care  must  be  exercised  to  prevent  the  blanks  from  be¬ 
coming  contaminated  with  aniline. 

Three  hydraulic  oils  were  analyzed  for  the  gossypol  content  by 
the  gravimetric  method  of  Halverson  and  Smith  ( 1 )  and  by  the 
spectrophotometric  method  described  above.  Some  of  the  de¬ 
terminations  were  made  on  the  Beckman  spectrophotometer,  cal¬ 
culating  the  weight  of  gossypol  from  the  extinction  coefficient. 
The  results  are  presented  in  Table  I.  There  were  no  significant 
differences  in  the  per  cent  gossypol  found  by  the  two  methods. 
The  variation  in  the  gravimetric  method  is  greater  than  that  for 
the  spectrophotometric  method.  The  gravimetric  method  re¬ 
quired  120  hours  for  completing  the  analysis,  while  the  spectropho¬ 
tometric  method  required  less  than  2  hours.  This  simple,  quick 
method  using  common  and  inexpensive  reagents  is  suitable  for 
routine  analyses  as  well  as  for  more  exacting  work.  When  the 
concentration  is  too  great  to  read  on  the  spectrophotometer,  ali¬ 
quots  from  the  blank  and  determination  may  be  diluted  with 
Skellysolve  B  to  bring  them  within  the  reading  range  of  the  instru¬ 
ment. 

The  author  is  indebted  to  the  Buckeye  Cotton  Oil  Company, 
subsidiary  of  the  Procter  &  Gamble  Company,  for  the  oil  used  in 
this  investigation  and  to  J.  O.  Halverson  for  suggestions. 


Table  I.  Per  Cent  Gossypol  in  Crude  Cottonseed  Oil 


Sample  No.  Gravimetric 

Spectrophotometric 

% 

% 

1 

0.0168 

0.016 

0.0177 

0.016 

0.0168 

0.017 

0.017 

0.017“ 

0.016“ 

0.017“ 

0.017“ 

Av. 

0.0171 

0.0166 

2 

0 . 0455 

0.050 

0 . 0542 

0.050 

0 . 0549 

0 . 053“ 

0.0518 

0.053“ 

0.0530 

0.054“ 

0.0524 

0.053“ 

Av. 

0.0520 

0.0522 

3 

0.0555 

0.050 

0.0561 

0.050 

0.0542 

0.049 

0.0505 

0.051 

0.0508 

0.051“ 

0.0528 

0.051“ 

0.052“ 

0.052“ 

Av. 

0.0533 

0.0508 

Determined  by  Beckman 

spectrophotometer. 
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Estimation  of  Gossypol  in  Cottonseed  Meal 
and  Cottonseed  Meats 

F.  H.  SMITH,  State  College  of  Agriculture  and  Engineering,  Raleigh,  N.  C. 


Spectral  absorption  curves  are  presented  for  the  aniline  derivative 
of  pure  gossypol  and  gossypol  extracted  from  cottonseed  meal  and 
cottonseed  meats  with  60%  alcohol  containing  ether  in  the  Waring 
Blendor.  These  curves  represent  the  difference  between  the  ab¬ 
sorption  spectra  of  the  aniline  derivative  of  gossypol  and  of  gossypol 
or  gossypol  extracts  at  the  same  concentration.  The  absorption  curve 
for  the  cottonseed  meats  extract  is  practically  identical  with  that 
of  pure  gossypol  except  in  the  region  of  380  to  410  m/i.  The 
curve  for  the  cottonseed  meal  extract  is  shifted  slightly  to  the  right 
but  is  very  similar  to  that  of  pure  gossypol. 

Cottonseed  meal  samples  were  extracted  by  allowing  them  to 
stand  1 0  minutes  in  30%  alcohol,  then  adding  sufficient  72%  alcohol 
to  give  a  60%  alcohol  to  which  ether  was  added.  After  blending 
for  5  minutes  in  the  Waring  Blendor,  the  extracts  were  filtered  and 
made  to  100  ml.  Aliquots  were  taken  for  the  blanks  and  deter¬ 
minations.  The  dianilino-gossypol  color  was  developed  in  the 
latter  by  heating  after  adding  aniline,  then  the  per  cent  transmittance 
was  read  on  the  Coleman  spectrophotometer,  from  which  the  gossy¬ 
pol  content  was  determined.  Duplicate  determinations  of  gossypol 
in  cottonseed  meal  or  cottonseed  meats  may  be  completed  in  2 
hours  with  readily  reproducible  results. 

A  NUMBER  of  methods,  both  gravimetric  (2,  6,  7)  and  spec- 
trophotometric  (1,5),  for  the  estimation  of  gossypol  in  cot¬ 
tonseed  meal  and  cottonseed  meats  have  been  published.  The 
gravimetric  methods  depend  on  the  reaction  of  gossypol  with  ani¬ 
line  to  form  a  relatively  insoluble  dianilino  derivative.  Lyman, 
Holland,  and  Hale  ( 5 )  reported  a  colorimetric  method  based  on 
this  reaction.  Boatner,  Caravella,  and  Kyame  ( 1 )  proposed  a 
spectrophotometric  method  for  estimating  the  gossypol  content 
of  cottonseed  meal  and  cottonseed  meats  based  on  the  reaction  of 
gossypol  with  antimony  trichloride.  All  these  methods  require  a 
considerable  period  of  time  varying  from  48  to  120  hours  for 
completing  the  analysis.  The  amount  of  gossypol  found  depends 
upon  both  the  extractant  and  the  length  of  time  the  extraction 
is  continued. 

Three  processes  of  extraction  have  been  used:  simple  equili¬ 
bration,  intermittent  flushing  in  the  Soxhlet-type  extractor,  and 
continual  washing  in  the  Butt  extractor.  The  gossypol  content 
of  cottonseed  meal  determined  by  the  latter  two  methods  depends 
somewhat  on  the  moisture  content  of  the  meal  and  the  amount  of 
alcohol  and  water  in  the  ether  used  for  the  extraction.  In  order 
to  obtain  satisfactory  reproducible  results,  the  methods  cited  must 
be  followed  with  care.  Moreover,  the  gossypol  found  in  a  given 
sample  of  cottonseed  meal  varies  considerably  when  determined 
by  the  different  methods. 

A  rapid  method  is  proposed  for  determining  the  gossypol  con¬ 
tent  of  cottonseed  meal  or  cottonseed  meats  in  which  the  extrac¬ 
tion  is  carried  out  in  a  Waring  Blendor  with  75  ml.  of  60%  ethyl 
alcohol  containing  15  ml.  of  ethyl  ether.  The  filtrate  is  made  to 
volume  and  aliquots  are  taken  for  the  spectrophotometric  deter¬ 
mination  by  a  modification  of  the  dianilino-gossypol  method  of 
Lyman,  Holland,  and  Hale  (5).  This  modification  gives  a  more 
complete  development  of  the  dianilino-gossypol  color  which  is 
stable  for  24  hours  or  longer.  Duplicate  or  triplicate  determina¬ 


tions  of  gossypol  in  a  sample  of  cottonseed  meal  may  be  completed 
in  2  hours;  cottonseed  meats  require  slightly  less  time.  The  re¬ 
sults  are  readily  reproducible.  The  composition  of  the  extract¬ 
ant  need  not  be  held  to  extremely  narrow  limits.  Values  almost 
as  high  as  those  given  in  Table  I  were  obtained  with  an  85%  al¬ 
cohol  mixture.  The  60%  alcohol  mixture  has  much  better  foam¬ 
ing  characteristics,  which  gives  a  good  suspension  of  the  sample  in 
the  solvent  and  results  in  less  splashing. 


EXPERIMENTAL 

In  the  work  reported  here,  25  mg.  of  pure  gossypol  were  dis¬ 
solved  in  5  to  10  ml.  of  peroxide-free  ether;  most  of  the  ether  was 
removed  under  reduced  pressure,  and  the  solution  diluted  to 
250  ml.  with  95%  alcohol.  This,  or  a  similar  solution,  was  used 
for  the  standard  transmittance-concentration  and  spectral  ab¬ 
sorption  curves.  Aliquots  of  2  ml.  of  this  solution  were  pipetted 
to  two  25-ml.  volumetric  flasks.  The  color  was  developed  in  one 
of  the  flasks  by  heating  the  aliquot  with  0.5  ml.  of  aniline  for  40 
minutes  at  60°  to  65°  C.,  as  outlined  under  Procedure,  and  the 
other  was  used  as  a  blank  for  running  a  spectral  absorption  curve 
on  a  Beckman  spectrophotometer,  using  the  hydrogen  discharge 
tube.  This  is  represented  by  curve  1,  Figure  1. 


Three  preparations  of  pure  gossypol  containing  0.2  mg.  in  25 


ml.  gave  an  average  value  of  0.569  for  log  —  at  445  m^  when  the 


color  was  developed  with  aniline  and  read  on  the  Beckman  spec¬ 
trophotometer  using  square  cuvettes  having  a  depth  of  0.999  cm. 
TheEjpm  value  at  445  m/t  is  712.  The  concentration  of  gossypol 


in  grams  per  100  ml. 


log  —  at  445  m/i 
712  X  depth  in  cm. 


The  amount  of  gossy- 


Figure  1.  Absorption  Curves  of  Aniline 

1.  Pure  gossypol  in  alcohol-ether  mixture.  2.  Gossypol  extracted  from  cotton¬ 
seed  meal  with  an  alcohol-ether  mixture.  3.  Gossypol  extracted  from  cottonseed 
meats  with  an  alcohol-ether  mixture.  In  each  case  absorption  read  against  respective 

untreated  solution 
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pol  in  the  aliquot  taken  from  the  cottonseed  meal  or  meats  ex¬ 
tract  may  be  obtained  from  the  above  equation  and  the  per  cent 
gossypol  content  calculated. 

Following  the  same  procedure,  a  spectral  absorption  curve  was 
obtained  for  the  gossypol  extracted  from  cottonseed  meal  by  the 
proposed  method.  An  absorption  curve  was  likewise  obtained 
for  cottonseed  meats.  In  order  to  compare  these  absorption 


curves  with  that  of  pure  gossypol,  the  log 


h 

I 


values  observed  at 


the  various  wave  lengths  of  each  extract  were  multiplied  by  the 
ratio  obtained  when  the  log  j  value  of  pure  gossypol  at  445  m^ 


was  divided  by  the  corresponding  value  of  the  respective  extracts 
at  this  wave  length.  In  this  manner,  curves  2  and  3,  Figure  1, 
were  obtained  for  the  gossypol  extracted  from  cottonseed  meal 
and  cottonseed  meats,  respectively.  Curve  2  for  the  cottonseed 
meal  is  shifted  slightly  to  the  right  with  the  maximum  absorption 
at  450  m^i  compared  to  445  niM  for  pure  gossypol.  A  similar  shift 
to  the  right  occurs  when  hydraulic-expressed  crude  cottonseed  oil 
is  the  source  of  the  gossypol  (8).  This  shift  is  so  slight  and  the 
general  character  of  the  curve  is  so  similar  to  that  of  pure  gossypol 
in  the  region  of  445  to  510  m/x  that  the  absorption  of  the  cottonseed 
meal  extract  in  this  region  must  be  attributed  to  the  gossypol 
present.  This  shift,  however,  may  be  due  to  a  slight  modification 
of  the  gossypol  molecule.  This  divergence  has  no  effect  on  the 
spectrophotometric  estimation  of  gossypol  in  cottonseed  meal. 
Curve  3,  Figure  1,  for  cottonseed  meats  follows  that  for  pure 
gossypol  almost  exactly  in  the  region  of  420  to  510  m/x.  There 
appears  to  be  slightly  greater  absorption  in  the  region  between 
370  and  440  m/x  for  the  aniline  derivative  of  cottonseed  meal 
extracts  than  for  pure  gossypol. 


A  standard  transmittance-concentration  curve  was  prepared  by 
transferring  three  aliquots  each  of  0.2,  0.3,  0.5,  0.75,  1.00,  1.5,  and 
2  ml.  from  a  standard  gossypol  solution  containing  25  mg.  of  pure 
gossypol  in  250  ml.  of  95%  alcohol,  prepared  as  previously  de¬ 
scribed,  to  25-ml.  volumetric  flasks.  Three  preparations  of  pure 
gossypol  were  used  for  this  curve.  One  of  the  flasks  containing 
each  aliquot  was  made  to  volume  with  72%  alcohol,  by  weight  in 
water,  to  which  70  ml.  of  ether  per  1000  ml.  were  added  and  used 
as  a  blank  for  the  spectrophotometric  determination.  Five  mil¬ 
liliters  of  the  above  alcohol-ether  mixture  and  0.5  ml.  of  freshly 
distilled  aniline  were  added  to  each  of  the  other  flasks  and  the 
color  developed  as  described  under  Procedure.  The  transmit¬ 
tance  was  read  in  the  Coleman  double  monochrometer  spectro¬ 
photometer  at  445  m/x,  using  the  blanks  containing  the  correspond¬ 
ing  amount  of  gossypol.  The  values  were  expressed  as  milli¬ 
grams  of  gossypol  per  25  ml.  The  standards  follow  Beer’s  law, 
giving  a  straight  line  when  per  cent  transmittance  vs.  concentra¬ 
tion  is  plotted  on  semilog  paper.  This  line  is  represented  by  the 
linear  equation:  concentration  in  mg.  of  gossypol/25  ml.  = 
2.00000  —  log  T  wh.ch  r  ,s  the  cent  transmittance.  A 
4.846 


conversion  table  giving  the  milligrams  of  gossypol  in  25  ml.  cor¬ 
responding  to  the  per  cent  transmittance  may  be  calculated  from 
the  equation. 


PROCEDURE 

The  extraction  is  carried  out  with  the  Waring  Blendor  using  the 
small-size  container,  No.  17244,  Central  Scientific  Company. 
The  cardboard  washer  is  removed  from  the  screw  cap  and  re¬ 
placed  with  a  washer  cut  from  a  sheet  of  rubber  packing. 

To  a  2-gram  charge  of  cottonseed  meal  placed  in  the  Waring 
Blendor  container,  add  20  ml.  of  30%  (by  weight)  alcohol  (384  ml. 
of  95%  alcohol  diluted  to  1000  ml.)  and  allow  to  stand  for  10  min¬ 
utes.  Rotate  the  jar  two  or  three  times  by  hand  during  this  in¬ 
terval.  Add  55  ml.  of  72%  (by  weight)  alcohol  (830  ml.  of  95% 
alcohol  diluted  to  1000  ml.)  to  give  a  mixture  having  an  alcoholic 
content  of  60%  by  weight.  After  adding  15  ml.  of  peroxide-free 
ethyl  ether,  blend  for  5  minutes.  Stop  the  blender  and  rinse  down 
the  walls  of  the  container  by  swirling  once  during  the  period  of 
blending.  The  cap  should  be  loose  enough  to  permit  the  expand¬ 
ing  vapors  to  escape. 

After  blending,  remove  the  cap,  swirl  the  jar  to  suspend  the 
residue,  and  pour  into  a  250-ml.  beaker.  Rinse  the  cap  and  jar 
with  a  stream  of  the  alcohol-ether  mixture  (1000  ml.  of  72%  al¬ 
cohol  by  weight  to  70  ml.  of  ether),  used  for  washing  and  making 


dilutions,  from  a  wash  bottle  and  transfer  the  washing  to  a  second 
beaker  to  be  used  to  wash  the  first  beaker  and  residue  after  filter¬ 
ing  through  a  filter  tube  (Corning  9480).  Insert  the  filter  tube 
and  a  bent  glass  tube  for  the  application  of  suction  in  a  two-holed 
rubber  stopper  placed  in  the  top  of  a  bell  jar. 

Prepare  the  filter  by  inserting  a  porcelain  disk  in  the  filter  tube 
and,  with  vacuum  applied,  pour  a  layer  of  asbestos  over  it,  fol¬ 
lowed  by  a  layer  of  washed  Hyflo  Super-Cel  about  2  mm.  thick. 
(It  is  necessary  to  wash  the  Hyflo  Super-Cel  with  hydrochloric 
acid  to  remove  the  traces  of  iron  present,  as  iron  destroys  gossy¬ 
pol.  Boil  100  grams  of  Hyflo  Super-Cel  with  600  ml.  of  distilled 
water  and  50  ml.  of  concentrated  hydrochloric  acid  for  10  to  15 
minutes  and  filter,  using  a  large  Buchner  funnel.  Wash  well  with 
distilled  water.  Repeat  the  process  and  dry.)  Suspend  the 
washed  Hyflo  Super-Cel  in  72%  alcohol  for  preparing  the  filter. 
Receive  the  filtrate  in  a  100-ml.  volumetric  flask,  containing  5 
ml.  of  ether,  placed  under  the  bell  jar.  This  ether  replaces  that 
lost  during  the  filtration  and  prevents  a  slight  turbidity  due  to  the 
separation  of  oil  from  the  mixture.  Wash  the  first  beaker  and 
residue  with  the  washings  from  the  blender  jar  and  then  wash  a 
second  time  with  the  alcohol-ether  mixture  from  the  wash  bottle. 
Allow  to  cool  and  make  to  volume  with  the  alcohol-ether  mixture. 


Table  I.  Gossypol  Content  of  Cottonseed  Meal  and  Cottonseed 

Meats 


Sample 

No. 

Gravimetric 

% 

2933 

0.110 

0.118 

0.088 

0.109 

0.099 

0.096 

Av. 

0.103 

3039 

0.117 

0.103 

Av. 

0.110 

3040 

0.157 

0.152 

Av. 

0.155 

3041 

• 

0.100 

0.096 

Av. 

0.098 

3042 

0.098 

0.105 

Av. 

0.102 

3043 

0.099,0.101 
0.092,0. 105 
0.107,0.088 
0.106,0.107 
0.111,0.117 
0.113,0.116 

Av. 

0.105 

3044 

0.065,0.059 

0.054,0.053 

0.063,0.051 

0.067,0.064 

0.067,0.070 

0.061,0.066 

Av. 

0.061 

3073 

0.095 

0.099 

Av. 

0.097 

3074 

0.131 

0.123 

0.108 

0.103 

0.098 

Av. 

0.113 

3096 

0.087 

0.087 

Av. 

0.087 

3095 

0.813 

0.818 

0.824 

0.818 

0.827 

Av. 

0.820 

Blendor 

Lyman  et  al. 

% 

% 

0.082 

0.038 

0.083 

0.038 

0.080 

0.043 

0.088 

0.085 

0.086 

0.037 

0.084 

0.039 

0.077 

0.081 

0.084 

0.081 

0.109 

0.115 

0. 118 
0.114 

0.072 

0.074 

0.071 

0.072 

0.074 

0.077 

0.071 

0.074 

0.103 

0.064 

0.101 

0.044 

0.099 

0.052 

0.100 

0.102 

0.100 

0.056 

0.101 

0.052 

0.053 

0.025 

0.052 

0.026 

0.053 

0.026 

0.098 

0.040 

0.096 

0.050 

0.102 

0.055 

0.059 

0.099 

0.051 

0.135 

0.080- 

0.128 

0.080 

0.130 

0.071 

0.083 

0.131 

0.076 

0.058 

0.051 

0.059 

0.061 

0.045 

0.059 

0.048 

1.04 

1.00 

1.04 

..... 

1.04 

1.03 

1.03 
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Two  blender  jars  are  advantageous,  since  one  charge  may  be  al- 
.owed  to  stand  in  the  30%  alcohol  while  another  one  is  being- 
blended  and  filtered. 

Use  a  charge  of  0.2500  gram  of  cottonseed  meats  for  the  deter¬ 
mination  and  mix  the  20  ml.  of  30%  and  the  55  mi.  of  the  72%  al¬ 
cohol  before  adding;  otherwise  a  sticky  paste  is  obtained  which 
is  not  readily  extracted.  The  15  ml.  of  ether  may  be  added  di¬ 
rectly  to  the  jar.  Blend  the  meats  immediately,  after  which  pro¬ 
ceed  as  with  cottonseed  meal. 

Transfer  two  5-ml.  aliquots  to  25-ml.  volumetric  flasks.  Di¬ 
lute  one  of  the  aliquots  to  volume  with  72%  alcohol  containing 
ether  (1000  to  70  ml.)  to  be  used  as  the  blank  in  reading  the  trans¬ 
mittance  of  the  gossypol  with  the  spectrophotometer.  Add  to  the 
other  aliquot  0.5  ml.  of  freshly  distilled  aniline  and  heat  on  the 
metal  top  of  the  steam  bath  for  40  minutes.  Adjust  the  steam  so 
that  only  a  small  amount  of  steam  is  escaping.  (This  heating  may 
be  done  in  a  water  bath  at  about  65°  C.)  Remove  from  the  steam 
bath,  add  5  to  10  ml.  of  the  72%  alcohol-ether  mixture,  and  allow 
to  cool.  Then  make  to  volume  with  the  alcohol-ether  mixture. 
Mix  and  read  the  intensity  of  color  as  per  cent  transmittance  on 
the  spectrophotometer  at  445  mp  using  the  blank  prepared  from 
the  extract.  Take  care  to  avoid  contaminating  the  blanks  with 
aniline. 

The  weight  of  gossypol  in  milligrams  in  25  ml.  may  be  scaled 
from  the  standard  transmittance-concentration  curve  or  read 
from  the  prepared  conversion  table.  The  value  obtained  is  the 
per  cent  of  gossypol  in  cottonseed  meal.  In  the  case  of  cottonseed 
meats,  the  milligrams  of  gossypol  found  per  25  ml.  times  8  gives 
the  per  cent  of  gossypol. 

The  gossypol  content  of  10  samples  of  cottonseed  meal  was  de¬ 
termined  by  the  proposed  method  and  compared  with  values  ob¬ 
tained  by  the  gravimetric  method  of  Halverson  and  Smith  as  re¬ 
vised  by  Smith  (7).  Some  of  these  meals  were  also  run  by  the 
Lyman,  Holland,  and  Hale  colorimetric  method.  The  results 
are  shown  in  Table  I.  On  the  whole,  the  gravimetric  values  are 
slightly  higher  than  those  by  the  proposed  method;  however,  the 
values  for  samples  3043,  3044,  3073,  and  3074  are  as  high  as  those 
by  the  gravimetric  method. 

DISCUSSION 

The  mean  difference  in  gossypol  content  as  determined  by  the 
two  methods  was  0.0122  ±  0.0054%  for  all  the  samples  of  meals. 
The  difference  for  individual  samples  of  cottonseed  meal,  how¬ 
ever,  varied  from  0.0408  to  —0.0177%.  This  variation  indicates 
that  the  ratios  between  the  values  of  the  two  methods  are  not 
precisely  the  same  for  the  different  samples  of  meal.  The  varia¬ 
tion  for  the  gravimetric  method  for  cottonseed  meals  3043  and 
3044  may  be  partially  due  to  the  use  of  different  lots  of  ether  for 
the  extraction  of  the  meal  without  modifying  it  to  the  optimum 
composition  of  96.5%  ether,  2.3%  alcohol,  and  1.1%  water  (4). 
All  the  meals  used  for  the  gravimetric  method  had  a  moisture 
content  of  20  to  22%,  which  is  the  optimum  for  extracting  gossy¬ 
pol  from  cottonseed  meal  by  the  method  used  (S,  4,  5). 

The  standard  deviation  for  the  proposed  method  was  0.0025% 
when  the  intensity  of  color  was  determined  on  two  aliquots  from 
the  same  extract.  With  one  aliquot,  the  value  would  have  been 
about  0.0027%,  while  one  aliquot  from  each  of  two  separate  ex¬ 
tracts  would  have  had  a  standard  deviation  of  about  0.0019%; 
therefore,  it  is  recommended  that  two  separate  charges  of  cotton¬ 
seed  meal  be  carried  through  the  entire  process  with  the  color 
being  developed  in  only  one  aliquot  from  each  extract.  For 
control  work  involving  large  numbers  of  samples,  however,  single 
determinations  should  be  satisfactory. 

Gossypol  contents  of  six  of  these  cottonseed  meals  were  de¬ 
termined  by  the  method  of  Lyman,  Holland,  and  Hale  (5).  The 
meals  were  extracted  for  72  hours  with  peroxide-free  ether  con¬ 
taining  2.3%  alcohol  and  1.1%  water  (Table  I).  In  all  cases,  the 
Lyman,  Holland,  and  Hale  method  gave  lower  values  than  the 
proposed  or  the  gravimetric  methods;  however,  these  authors 
have  stated  that  higher  values  may  be  obtained  if  20%  moisture  is 
added  to  the  meal. 

The  value  for  cottonseed  meats,  No.  3095,  by  the  proposed 
method  was  higher  than  by  the  gravimetric  method,  being  1.03 


and  0.822%,  respectively  (Table  I).  However,  1.04  and  1.06% 
gossypol  was  found  in  these  meats  when  they  were  extracted  with 
ethyl  ether  as  in  the  gravimetric  method  and  the  extracts  sub¬ 
jected  to  the  colorimetric  procedure  for  oils  ( 8 )  after  removal  of 
the  ether  and  taking  up  in  Skellysolve  F.  These  values  obtained 
for  the  ether  extracts  are  practically  identical  with  those  ob¬ 
tained  when  the  extraction  was  done  in  the  blender,  and  are  ap¬ 
preciably  higher  than  those  yielded  by  the  gravimetric  method. 
Boatner,  Caravella,  and  Kyame  ( 1 )  have  reported  that  the  an¬ 
timony  trichloride  spectrophotometric  method  gives  a  higher 
value  for  some  cottonseed  meats  than  the  gravimetric  method. 

‘  This  indicates  that  some  of  the  gossypol  is  not  precipitated  al¬ 
though  it  gives  the  color  reaction  with  aniline.  The  spectral 
curve  for  this  aniline  derivative  follows  that  of  pure  gossypol  in 
the  region  of  420  to  520  rrip. 

In  the  proposed  method,  the  extraction  is  completed  in  15  min¬ 
utes  with  a  mixture  of  alcohol,  water,  and  ether  (respectively, 
51.6,  34.4,  and  14.0%)  in  the  Waring  Blendor  while  72  hours  are 
required  by  the  method  of  Lyman,  Holland,  and  Hale  using  the 
Butt  extractor  with  ether  containing  2.3%  alcohol  and  1.1% 
water.  The  extract  obtained  by  the  proposed  method  is  filtered 
and  made  to  volume  with  the  alcohol-ether  mixture,  as  compared 
to  the  Lyman,  Holland,  and  Hale  method  in  which  the  ether  is 
removed  and  the  gossypol  taken  up  in  N  butyl  alcohol.  These 
methods  also  differ  in  that  the  proposed  method  requires  only  one 
fourth  as  much  aniline  and  that  heat  is  used  to  promote  the  com¬ 
plete  color  development  which  is  stable  for  a  considerable  time. 
In  the  Lyman,  Holland,  and  Hale  method,  the  color  appears  to 
develop  more  readily  for  pure  gossypol  than  for  that  extracted 
from  cottonseed  meal.  About  20  to  24  hours  are  required  to  reach 
the  maximum  color  intensity  by  the  latter.  Ethyl  alcohol  solu¬ 
tions  have  advantages  over  N  butyl  alcohol  from  a  manipulation 
standpoint. 

The  extraction  was  carried  out  on  cottonseed  meal  No.  2933 
with  75  ml.  of  alcohol  adjusted  to  56.5,  60,  70,  75,  and  85%,  and 
15  ml.  of  ether  after  soaking  in  24  or  30%  alcohol  for  10  minutes. 
The  differences  in  the  amount  of  gossypol  found  were  very  slight 
for  the  56.5  to  75%  alcohol,  while  that  for  the  85%  was  0.014% 
lower  than  for  the  60.  This  indicates  that  during  the  blending 
operation  the  concentration  of  the  alcohol  mixture  may  be  per¬ 
mitted  to  vary  a  few  per  cent  without  affecting  the  results.  Al¬ 
lowing  the  charge  of  cottonseed  meal,  but  not  cottonseed  meats, 
to  stand  for  10  minutes  before  blending  softens  the  meal,  which 
facilitates  the  extraction  of  gossypol.  Thirty  per  cent  alcohol  is 
more  effective  than  50  for  this  purpose. 

The  filtered  extracts  will  become  slightly  turbid  if  too  much 
ether  is  lost  during  the  filtration.  Aliquots  used  for  the  blanks 
will  also  become  turbid  when  diluted  to  volume  with  a  mixture  of 
1000  ml.  of  60%  alcohol  and  70  ml.  of  ether.  On  the  other  hand, 
if  the  dilutions  are  made  with  95%  alcohol,  turbidity  frequently 
occurs.  These  difficulties  are  not  encountered  when  all  dilutions 
and  washings  are  made  with  the  72%  alcohol-ether  mixture  (1000 
to  70  ml.)  as  recommended. 

The  author  is  indebted  to  J.  O.  Halverson  and  W.  J.  Peterson 
for  helpful  suggestions,  to  F.  W.  Sherwood  for  assistance  in  the 
preparation  of  the  manuscript,  and  to  R.  E.  Comstock  for  the 
statistical  analysis. 
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Chemical  Determination  of  Vitamin  A  in  Mixed  Feeds 

and  Feedstuffs 
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The  antimony  trichloride  colorimetric  reaction  for  determining  vita¬ 
min  A  has  been  modified  in  order  to  correct  for  the  color  produced 
by  nonvitamin  A  materials.  The  system  of  correction  depends 
upon  the  action  of  light  on  the  kinetics  of  the  antimony  trichloride 
reaction  and  the  use  of  a  preliminary  chromatographic  purification. 

THE  analysis  of  mixed  feeds  for  their  vitamin  A  content  is 
complicated  by  the  relatively  low  vitamin  A  level  often  pres¬ 
ent,  the  large  number  of  different  ingredients  present  in  the  mix¬ 
ture,  and  the  wide  variation  in  the  physical  and  chemical  charac¬ 
teristics  of  these  ingredients.  These  complications  have  pre¬ 
vented  the  use  of  spectrophotometric  methods  for  vitamin  A 
measurement.  The  blue  color  reaction  produced  by  vitamin  A 
with  antimony  trichloride  offers  the  best  approach  to  the  problem 
at  the  present  time. 

The  antimony  trichloride  blue  color  reaction  of  Carr  and  Price 
( 3 )  has  high  sensitivity  to  small  amounts  of  vitamin  A.  This 
method  as  modified  by  Dann  and  Evelyn  ( 5 )  has  been  widely 
used  as  the  basis  for  a  number  of  analytical  methods  adapted  to 
a  variety  of  materials.  Oser,  Melnick,  and  Pader  (7)  have  used 
the  blue  color  test  in  vitamin  A  measurements  on  food  products 
in  a  procedure  involving  the  use  of  an  internal  standard  designed 
to  correct  for  the  presence  of  reaction  inhibitors,  temperature 
effects,  reagent  variations,  turbidity,  and  extraneous  color. 
Corbet,  Geisinger,  and  Holmes  (4)  very  early  listed  a  large  group 
of  materials  known  to  give  a  color  reaction  with  antimony  tri¬ 
chloride  under  conditions  of  the  usual  vitamin  A  test. 

The  reaction  has  been  utilized  for  the  quantitative  measure¬ 
ment  of  vitamin  D  and  some  of  the  related  sterols  and  the  blue 
color  produced  by  carotene  and  the  xanthophyll  pigments  is 
common  knowledge.  Dann  and  Evelyn  ( 5)  attempted  to  correct 
for  the  reaction  of  carotene  with  antimony  trichloride  and  the  re¬ 
sultant  interference  with  the  vitamin  A  test.  Oser,  Melnick, 
and  Pader  (7)  attempted  to  distinguish  quantitatively  between 
the  blue  color  produced  by  the  reaction  of  carotene  and  that  pro¬ 
duced  by  the  reaction  of  preformed  vitamin  A  by  the  difference 
in  the  intensity  of  the  two  color  reactions  with  time.  These 
authors  found  that  the  blue  color  of  the  reacted  vitamin  A  faded 
almost  completely  in  2  hours,  whereas  the  blue  color  of  carotene 
increased  in  intensity  over  this  period  of  time. 

The  present  authors  in  an  attempt  to  duplicate  this  work 
found  that  the  period  required  for  vitamin  A  blue  color  destruc¬ 
tion  was  greatly  influenced  by  both  light  and  temperature  condi¬ 
tions.  The  effect  of  temperature  was  noted  by  Norris  and  Church 
(6)  and  is  a  normal  behavior,  but  the  action  of  light  has  only  re¬ 
cently  been  reported  by  Caldwell  and  Parrish  (2)  and  appears  to 
offer  an  explanation  for  some  of  the  discrepancies  in  the  vitamin 
A  literature  in  regard  to  the  rate  of  fading  of  the  blue  color. 

Some  types  of  mixed  feeds  and  certain  feed  ingredients  when 
reacted  with  antimony  trichloride  give  strong  color  reactions  of 
nonvitamin  A  origin  that  interfere  greatly  with  the  vitamin  A 
tests.  The  action  of  light  on  the  course  of  these  nonvitamin  A 
color  reactions  has  been  found  to  differ  so  greatly  from  the  action 
on  the  true  vitamin  A  blue  color  as  to  provide  a  means  of  differ¬ 
entiating  between  the  color  reaction  of  vitamin  A  and  any  inter¬ 
fering  color  reactions  simultaneously  produced. 

ANALyTICAL  PROCEDURE 

Reagents.  Antimony  trichloride  reagent,  90  grams  of  re¬ 
agent  grade  antimony  trichloride  in  240  ml.  of  reagent  grade 
chloroform. 

Aqueous  potassium  hydroxide,  50  grams  of  reagent  grade  pel¬ 
lets  in  50  ml.  of  distilled  water. 

Calcium  phosphate,  dibasic,  should  be  tested  to  retain  vitamin 
A  and  pass  0-carotene  (Mallinckrodt  A.  R.  grade). 


Skellysolve  F,  petroleum  ether,  boiling  range  30  °  to  60  °  C. 

Extraction.  Place  a  weighed  10-gram  sample  of  feed  in  a 
20  X  80  mm.  paper  extraction  thimble  and  extract  (all  operations 
on  vitamin  A  solutions  should  be  carried  out  in  subdued  artificial 
light,  preferably  in  amber  glassware)  for  4  hours  in  a  Butt-type 
extraction  tube  with  35  ml.  of  Skellysolve  F  placed  in  a  100-ml. 
extraction  flask.  Other  types  of  extraction  equipment  may  re¬ 
quire  different  volumes  and  extraction  times. 

Evaporate  off  the  solvent  from  the  extract  under  a  vacuum,  add 
30  ml.  of  95%  ethyl  alcohol  and  3  ml.  of  aqueous  potassium  hy¬ 
droxide  solution,  and  bring  to  a  boil  in  a  water  bath.  Cool  and 
wash  contents  of  flask  into  a  250-ml.  separatory  funnel  with  a 
minimum  amount  of  Skellysolve  F.  Add  30  ml.  of  distilled  water 
and  sufficient  Skellysolve  F  to  make  25-ml.  total  volume  of  the 
latter.  Shake  and  draw  off  the  lower  phase  after  settling,  and 
transfer  the  Skellysolve  phase  to  a  clean  125-ml.  flask.  Repeat 
the  extraction  of  the  aqueous  phase  with  3  more  25-ml.  portions  of 
Skellysolve  and  combine  the  extracts  in  a  clean  250-ml.  separa¬ 
tory  funnel.  Wash  free  from  alkali  by  repeated  washings  or 
with  a  continuous  spray  washing  device.  Filter  alkali-free  ex¬ 
tract  into  a  300-ml.  long-necked  round-bottomed  flask  through 
about  15  grams  of  anhydrous  sodium  sulfate  on  a  filter  paper,  and 
wash  the  filter  paper  with  additional  solvent. 

Purification.  If  little  or  no  color  is  present  in  the  final  ex¬ 
tract,  this  step  may  be  omitted.  If  an  appreciable  amount  of 
colored  pigments  is  present,  evaporate  the  extract  down  to  a  5- 
ml.  volume  under  a  vacuum  and  wash  into  a  chromatographic 
column  with  a  minimum  volume  of  Skellysolve. 

Prepare  a  16  X  150  mm.  chromatographic  column  with  a  7.5- 
cm.  (3-inch)  layer  of  dibasic  calcium  phosphate,  topped  by  a 
2.5-cm.  (1-inch)  layer  of  calcium  carbonate.  The  dibasic  calcium 
phosphate  should  be  tested  prior  to  use  and  shown  to  retain  vita¬ 
min  A  without  destruction  and  to  pass  0-carotene  using  Skelly¬ 
solve  F  as  a  solvent.  The  Skellysolve  should  be  free  from  ether, 
alcohol,  or  other  solvents  and  should  be  as  dry  as  possible. 

After  the  extract  passes  into  the  column,  wash  at  once  with 
Skellysolve  F  and  continue  washing  until  all  carotene  passes 
through  the  column.  This  is  indicated  by  a  colorless  filtrate. 
This  solution  may  be  retained  and  the  carotene  measured. 

The  appearance  of  the  column  at  this  point  shows  a  sharp 
colored  layer  at  the  extreme  top,  usually  followed  by  a  series  of 
lines  and  a  broad  colored  band,  all  in  the  carbonate  layer.  Re¬ 
move  all  these  with  care,  except  for  the  lowest  portion  of  the 
broad  colored  band,  by  digging  out  the  adsorbent  with  a  suitable 
instrument. 

Change  the  receiving  flask  on  the  column  and  elute  the  vitamin 
A  by  passing  25  ml.  of  ether  slowly  through  the  column  or  until 
all  the  remaining  yellow  lines  pass  through  the  column.  This 
eluate  is  to  be  used  for  the  vitamin  A  reading. 

Color  Reaction.  Divide  the  eluate  from  the  column,  or  the 
original  extract  if  the  column  purification  was  not  required,  into 
two  equal  portions  of  any  convenient  volume.  At  this  point  it 
is  desirable  to  estimate  the  approximate  vitamin  A  content  of  the 
material  being  tested,  in  order  that  the  final  solution  concentra¬ 
tion  of  vitamin  A  will  be  approximately  15  units  per  ml.,  a  con¬ 
centration  most  suitable  for  measurement.  A  volume  factor,  x , 
is  approximated  from  the  formula: 

(approximate  units  of  vitamin  A  per  gram  in  feed)  X 

(weight  of  sample) 

x=  30 

by  which  x  is  found  to  the  nearest  whole  number  (but  not  less 
than  2).  To  one  portion  of  the  solution  add  lOz  units  of  a  vita¬ 
min  A  solution  (obtained  from  a  dilution  of  Distillation  Products 
vitamin  A  concentrate  capsules,  Control  No.  PC-3,  checked 
spectrophotometrically).  Evaporate  both  fractions  to  dryness 
under  a  vacuum  and  dissolve  each  fraction  in  exactly  x  ml.  of 
dry  chloroform.  By  this  system  one  portion  of  the  sample  has 
been  fortified  with  an  internal  standard  equipment  to  10  units 
per  ml. 

Reaction  readings  are  made  on  the  Evelyn  photoelectric  color¬ 
imeter,  using  a  620  myu  filter.  Set  a  reagent  blank  containing  1 
ml.  of  chloroform  plus  10  ml.  of  antimony  trichloride  reagent  to  a 
reading  of  100%  transmission  and  find  the  corresponding  refer¬ 
ence  no  cell  reading  with  blank  solution  tube  removed.  This 
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reading  is  used  for  subsequent  settings  for  a  series  of  readings  on 
any  one  day  with  the  same  reagent. 

Place  a  1-ml,  sample  of  the  unfortified  unknown  in  a  reaction 
tube  in  the  instrument,  add  10  ml.  of  antimony  trichloride  re¬ 
agent,  and  take  a  reading  as  soon  as  the  galvanometer  can  be 
read  (reading  A).  Place  the  reacted  solution  immediately  in  a 
glass-walled  water  bath  (a  rectangular  battery  jar  is  suitable) 
kept  at  30°  C.  midway  between  two  150-watt  reflector  flood 
lamps  placed  at  a  distance  of  30  cm.  (12  inches)  between  the 
two  bulb  faces. 

After  exactly  5  minutes  read  the  reaction  tube  again  (reading 
B)  and  immediately  return  it  to  the  water  bath.  At  the  end  of 
exactly  10  minutes  obtain  a  third  reading  (reading  C) . 

React  a  1-ml.  sample  of  the  vitamin  A-fortified  sample  as 
above  with  10  ml.  of  antimony  trichloride  and  take  only  the  ini¬ 
tial  reading  (reading  D).  According  to  the  data  of  Baxter  and 
Robeson  (1),  confirmed  by  the  authors,  this  reading  should  not 
exceed  a  photometric  density  of  0.523,  corresponding  to  a  trans¬ 
mission  of  30%  in  order  to  stay  within  the  linear  range  for  a 
vitamin  A  standard  curve. 

Dilute  a  second  1-ml.  aliquot  of  the  unknown  (if  necessary  a 
part  of  the  fortified  sample  can  be  mixed  with  the  unfortified  for 
this  reading)  with  10  ml.  of  chloroform  and  read  at  440  m/t  (read¬ 
ing  E)  against  a  blank  of  pure  chloroform  set  to  100%  transmis¬ 
sion.  Reading  E  is  made  to  correct  for  the  interference  of  certain 
carotenoid  pigments  which  give  color  reactions  with  antimony 
trichloride.  Calculate  vitamin  A  concentration  from  the  follow¬ 
ing  formula  in  which  all  readings  have  been  converted  to  photo¬ 
metric  densities: 

TT  ..  ,  .  .  10(A  -2 B  +  C  -  0.067  E)(2x) 

Units  of  vitamin  A  per  gram  =  - ^ - ..  ,  - — ? — - 

(D  —  A)  (wt.  of  sample) 

The  factor  0.067  in  this  formula  is  explained  below  and  should 
be  determined  by  the  user  for  the  particular  type  of  carotenoid 
pigments  most  commonly  encountered  (from  alfalfa,  corn  gluten, 
etc.)  and  with  the  particular  filters  used  in  making  the  readings. 

BASIS  OF  COLOR-READING  PROCEDURE 

The  vitamin  A  blue  color  reaction  with  antimony  trichloride  is 
usually  read  at  about  620  m/i  within  10  seconds  after  addition  of 
the  reagent  to  the  A  source.  Unfortunately,  if  the  vitamin  A 
solution  contains  any  considerable  amounts  of  impurities  of  a 
variety  of  types,  these  impurities  will  produce  colored  reactions 
simultaneously  with  the  formation  of  the  vitamin  A  blue  color. 
The  best  available  means  of  purification  do  not  completely  re¬ 
move  these  interfering  materials  from  feed  extracts. 

These  interfering  materials  can  be  grouped  into  three  broad 
reaction  types: 

1.  Materials  which  produce  a  high  initial  color  intensity  which 
fades  with  time,  similar  to  vitamin  A  itself.  This  is  indicated  by 
decreasing  light  absorption  with  time. 

2.  Materials  which  produce  a  low  initial  color  intensity  which 
increases  with  time.  This  is  indicated  by  increasing  light-absorp¬ 
tion  values. 

3.  Materials  which  produce  a  color  reaction  of  an  intensity 
relatively  constant  with  respect  to  time.  This  is  indicated  by 
constant  light-absorption  values. 


All  classes  of  interference  would  be  made  up  of  one  of  these 
types  or  some  combination  of  several  types. 

If  vitamin  A-antimony  trichloride  reaction  solutions  are  sub¬ 
jected  to  controlled  light  of  high  intensity  at  constant  tempera¬ 
ture,  as  outlined  in  the  quantitative  procedure,  the  blue  color 
fades  very  rapidly,  and  at  the  end  of  5  minutes  has  completely 
disappeared.  If  reacted  solutions  of  pure  vitamin  A  are  read  at 
620  mfi,  the  difference  between  the  initial  photometric  density  and 
that  after  5  minutes  is  directly  proportional  to  the  A  concentra¬ 
tion  over  a  wide  range  of  concentration  values. 

Extracts  of  feedstuffs  known  not  to  be  sources  of  vitamin  A 
have  been  tested  under  similar  conditions  with  the  following  ob¬ 
served  groupings: 

1.  Reacting  materials  which  showed  decreasing  color  inten¬ 
sities  with  time  were  mostly  carotenoid  in  nature  and  had  attained 
minimum  values  of  photometric  density  at  620  mji  within  5 
minutes.  Moreover,  the  difference  between  the  initial  absorption 
at  620  m/i  and  the  absorption  after  5  minutes  in  each  case  was  quan¬ 
titatively  related  to  the  yellow  color  present  in  the  unreacted  solu¬ 
tion.  The  latter  could  be  measured  by  reading  at  440  m/z. 

2.  Materials  which  showed  increasing  color  intensities  with 
time  increased  in  photometric  density  at  approximately  a  uniform 
rate  for  short  periods  of  time.  The  increase  during  the  period  0  to  5 
minutes  was  approximately  the  same  as  that  for  5  to  10  minutes. 
In  all  cases  this  increase  in  photometric  density  at  620  him  was  rela¬ 
tively  slow  as  compared  with  the  rapid  decreases  observed  for 
vitamin  A  and  carotenoids  and  the  difference  between  the  changes 
in  the  two  time  intervals  was  negligible. 

3.  Materials  which  possessed  a  color  of  their  own  unrelated 
to  the  antimony  trichloride  reaction  or  which  reacted  to  produce 
a  color  that  did  not  change  with  short  intervals  of  time. 

Utilizing  the  facts  ascertained  in  these  observations,  it  was  de¬ 
cided  that  a  procedure  could  be  developed  for  reading  vitamin  A 
in  the  presence  of  all  three  types  of  interfering  materials.  This  is 
best  explained  by  means  of  Figure  1. 

Readings  are  made  under  controlled  conditions  of  light  expo¬ 
sure  and  temperature  immediately  after  reaction  (reading  A), 
after  5  minutes’  exposure  (reading  B),  and  after  10  minutes’  ex¬ 
posure  (reading  C ).  In  addition,  a  second  portion  of  the  extract 
being  tested  is  reacted  in  the  presence  of  a  known  addition  of 
pure  vitamin  A  (reading  D )  and  an  independent  reading  is  made 
at  440  mu  (reading  E)  of  the  diluted,  but  unreacted,  sample  to  be 
used  as  a  correction  for  carotenoids  present. 

Reading  A  is  composed  of  the  sum  of  the  absorptions  produced 
by  an  unknown  amount  of  vitamin  A,  represented  by  amount  L, 
and  the  three  types  of  interfering  colored  reactions  previously 
mentioned,  and  represented  by  quantities  M,  N,  and  0,  indicating 
decreasing  color,  increasing  color,  and  stable  color,  respectively. 
Reading  B,  at  the  end  of  5  minutes,  shows  that  L  and  M  have 
faded  out  completely,  0  has  remained  constant,  and  N  has  in¬ 
creased  by  increment  X.  At  the  end  of  10  minutes,  represented 
by  reading  C,  an  additional  increment,  X,  has  been  added  to  the 
value  of  original  quantity  N,  making  its  value  N  +  2X. 


Reading  A  =  L  +  M+  N+  0 

(1) 

Reading  B  =  X  +  N  +  O 

(2) 

Reading  C  =  2X  +  N  +  O 

(3) 

from  which  the  formula  L  =  A  —2 B  +  C  —  M  may  be  derived. 
M  may  be  derived  by  a  separate  reading  (reading  E)  of  the  ca¬ 
rotenoid  color  at  440  rri/n  which  will  bear  a  relationship,  K,  to  the 
blue  color  produced  at  620  m/i  for  any  particular  group  of  pig¬ 
ments  and  pair  of  filters. 

Hence,  M  =  KE 

or  L  =  A  —  2B  +  C  —  KE 

To  compensate  for  the  fact  that  certain  materials  may  inhibit 
the  amount  of  absorption  L  produced  by  the  antimony  trichloride 
reaction  with  vitamin  A,  a  known  increment  (10  units  =  S)  of  A 
is  added  to  a  second  fraction  of  the  original  solution  and  after 
adjusting  to  the  same  volume  for  reaction,  reading  D  is  obtained. 

All  color  produced  by  preformed  vitamin  A  has  completely 
faded  at  the  end  of  5  minutes.  Thus,  after  this  period  of  time 
the  sample  with  the  added  increment  of  vitamin  A  will  read  the 
same  as  the  sample  without  the  vitamin  A  increment  (Figure  1) . 
This  fact  makes  it  possible  to  use  the  principle  of  the  internal 
standard  with  its  attendant  advantages  as  stated  by  Oser,  Mel- 
nick,  and  Pader  (7). 

D  —  A  equals  the  amount  of  absorption  produced  by  10  units 
of  vitamin  A  under  the  same  reaction  conditions  as  in  the  case  of 
L  absorption,  produced  by  the  unknown  amount  of  vitamin  A. 
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For  low  concentrations  of  vitamin  A  the  readings  given  in  terms 
of  photometric  density  are  directly  proportional  to  the  amount  of 
vitamin  A  present. 

.  Units  of  vitamin  A  L 

iherefore  - ^ -  =  yr - r 


or 


Uni^s  of  vitamin  A 


10(A  -  2B  +  C  -  KE) 
D  -A 


The  value  of  K  is  derived  by  reacting  with  antimony  trichlo¬ 
ride  and  reading  at  620  m^  portions  of  a  series  of  solutions  of 
varied  carotenoid  concentration  and  reading  dilutions  of  the 
same  solutions  at  440  m,u.  The  reacted  absorption  values  are 
plotted  against  the  dilution  absorption  values  and  a  straight-line 
relationship  is  found.  The  ratio  of  the  photometric  density  at  620 
m/x  to  that  at  440  m/x  is  the  value  of  K  desired.  This  was  found  to 
be  0.067  for  the  authors’  instrument  for  the  carotenoids  of  alfalfa, 
the  major  carotenoid  source  in  feeds.  This  value  was  obtained 
after  a  chromatographic  column  treatment  and  readings  obtained 
according  to  the  procedure  given.  The  chromatographic  treat¬ 
ment  removes  pure  carotene  and  only  the  related  pigments  are 
present. 


Table  I.  Composition  of  Feed  Mixtures 

Ingredient  Sample  1  Sample  2  Sample  3  Sample  4  Sample  5  Sample  6 


% 

% 

% 

% 

% 

% 

Soybean  oil 

meal 

30 

30 

30 

30 

30 

Corn  meal 

50 

50 

50 

Tankage 

20 

io 

20 

Fish  meal 

20 

20 

20 

30 

Ground  oats 

30 

Alfalfa 

20 

20 

20 

30 

Wheat  germ 

20 

20 

Total 

100 

100 

100 

100 

100 

100 

RECOVERY  OF  ADDED  VITAMIN  A 

In  order  to  check  on  the  accuracy  of  the  reading  procedure, 
samples  of  feedstuff  mixtures  (Table  I)  were  prepared  containing 
varying  proportions  of  typical  feed  materials.  Some  of  the  mix¬ 
tures  were  prepared  with  abnormally  large  amounts  of  certain 
types  of  ingredients  known  to  interfere  with  vitamin  A  measure¬ 
ment. 

Portions  of  these  mixtures  were  extracted  and  purified  on 
chromatographic  columns.  Each  extract  was  divided  into  two 
equal  portions,  each  equivalent  to  8  grams  of  original  sample  and 
one  portion  was  fortified  with  100  I.U.  of  vitamin  A  or  12.5  I.U. 
per  gram  of  sample.  The  two  portions  of  each  sample  were  then 
treated  as  separate  samples  and  their  vitamin  A  content  was  read 
and  calculated  by  the  procedure  given.  The  value  of  X  for  calcu¬ 
lation  is  2.5.  According  to  the  procedure  later  adopted  a  whole 
number,  in  this  case  3,  is  recommended. 

Table  II  shows  the  results  obtained  on  this  experiment.  The 
average  recovery  obtained,  12.61  I.U.  per  gram,  checks  well  with 
a  theoretical  recovery  of  12.5.  The  range  11.62  to  13.60  is 
within  the  range  to  be  expected  from  a  reading  procedure  de¬ 
pending  upon  five  independent  readings. 


Table  II.  Recovery  of  Added  Vitamin  A 


Sample 

Read¬ 

Read¬ 

Read¬ 

Read¬ 

Read¬ 

Vita¬ 
min  A 

Recov¬ 

No. 

ing  A 

ing  B 

ing  C 

ing  D 

ing  B 

Found 

ery 

Error 

1 

0.027 

0.022 

0.032 

0.214 

0.034 

I.U./ g. 

0.43 

I.U./g. 

I.  U./g. 

1F° 

0.382 

0.034 

0.043 

0.540 

0,034 

14.03 

13  '.60 

+ilio 

2 

0.032 

0.041 

0.056 

0.214 

0.045 

0.10 

2Fa 

0.387 

0.051 

0.062 

0 . 551 

0.045 

13.10 

13’ 00 

+6+o 

3 

0.149 

0.122 

0.122 

0.328 

0.403 

0.00 

3F“ 

0.485 

0.131 

0.131 

0.661 

0.403 

11.62 

li  .62 

-’o' 88 

4 

0.161 

0.144 

0.149 

0.340 

0.475 

-0.35 

4Fa 

0.512 

0.158 

0.161 

0.671 

0.475 

12.77 

13.12 

+6+2 

5 

0.174 

0.155 

0.172 

0.358 

0.462 

0.17 

5F° 

0.509 

0.164 

0  181 

0.677 

0.462 

12.32 

12 1  15 

-6135 

6 

0.201 

0.177 

0.197 

0.381 

0.495 

0.38 

6F“ 

0.530 

0.184 

0.204 

0.696 

0.495 

12.54 

12+6 

—  0.34 

Av. 

0.12 

12.73 

12  +  1 

°  Same  as  samples  1,  2,  etc.,  except  12.5  I.U.  per  gram  added  vitamin  A. 


None  of  the  ingredients  involved  was  believed  to  contain  pre¬ 
formed  vitamin  A  and  an  average  value  for  the  unfortified  samples 
of  0.12  I.U.  per  gram  with  a  range  of  —0.35  to  +0.43  is  accept¬ 
able. 

Previous  experience  in  this  laboratory  has  shown  that  the  chro¬ 
matographic  procedure  recommended  completely  separates  the 
carotene  from  the  vitamin  A  and  that  the  amount  of  xanthophyll 
pigments  present  is  reduced  to  a  minimum.  As  a  check  on  the 
recovery  of  vitamin  A  carried  through  the  whole  procedure,  two 
formulas  for  commercial  mixed  feed  concentrates  containing  no 
preformed  vitamin  A  and  known  to  give  very  bad  reaction  colors 
with  antimony  trichloride  were  fortified  at  several  vitamin  A 
levels.  These  samples  were  carried  through  the  complete  analyti¬ 
cal  procedure  and  the  recovery  of  vitamin  A  was  measured  (Table 
III). 

The  unfortified  samples  gave  results  of  0.07  and  —0.21  I.U. 
per  gram,  which  is  in  line  with  those  expected,  and  assuming  a 
zero  value  for  the  unfortified  samples  the  amount  of  vitamin  A 
lost  in  the  complete  procedure  varied  from  0.74  to  0.88  I.U.  of 
vitamin  A  per  gram  of  sample.  Since  this  is  the  combined  loss  of 
the  extraction,  saponification,  and  column  procedure,  plus  losses 
in  transferring  and  evaporation,  it  appears  to  be  satisfactory  for 
this  type  of  procedure.  However,  this  loss  is  apparently  an  ab¬ 
solute  one  and  for  very  low  potency  feeds  it  may  result  in  a  high 
percentage  error. 

No  attempt  is  made  in  this  paper  to  measure  vitamin  A  ac¬ 
tivity  other  than  that  produced  by  preformed  vitamin  A.  Caro¬ 
tene  can  be  measured  on  the  first  eluate  from  the  chromato¬ 
graphic  column  but  the  problems  involved  in  the  separation  and 
measurement  of  different  carotenoids  having  vitamin  A  activity 
and  the  subsequent  conversion  into  units  of  preformed  vitamin  A 
are  at  present  only  partially  solved. 


Table  III.  Recovery  of  Added  Vitamin  A  from  Mixed  Feeds 


Sample 

Added  Vitamin  A 
I.U./g. 

Total  Vitamin  A 
I.U./g. 

Loss  of  Vitamin  A 
I.U./g. 

Feed  A 

0.07 

Feed  A 

8.20 

7.32 

0.88 

Feed  A 

10.24 

9.48 

0.76 

Feed  A 

16.40 

15.52 

0.88 

Feed  B 

-0.21 

Feed  B 

10.24 

9.50 

0.74 

SUMMARY 

A  modification  of  the  antimony  trichloride  method  for  the  de¬ 
termination  of  vitamin  A  in  feeds  and  feedstuffs  compensates  for 
the  presence  of  interfering  reacting  materials  by  means  of  the 
differential  effect  of  light  on  the  kinetics  of  the  antimony  tri¬ 
chloride  reaction  of  vitamin  A  and  the  interfering  materials,  re¬ 
spectively.  A  chromatographic  procedure  suitable  for  the  prepa¬ 
ration  of  feed  extracts  intended  for  color  reaction  is  given.  The 
principles  of  the  procedure  appear  favorable  for  use  in  a  variety 
of  applications  in  the  determination  of  vitamin  A  in  human  foods. 


ACKNOWLEDGMENT 

The  authors  wish  to  acknowledge  the  technical  assistance  of 
B.  F.  Beaver  with  regard  to  the  chromatographic  procedure. 


LITERATURE  CITED 

(1)  Baxter,  J.  G.,  and  Robeson,  C.  D.,  J.  Am.  Chem.  Soc.,  64,  2411 

(1942). 

(2)  Caldwell,  M.  J.,  and  Parrish,  D.  B.,  J.  Biol.  Chem.,  158,  181 

(1945). 

(3)  Carr,  F.  H.,  and  Price,  E.  A.,  Biochem.  J.,  20,  497  (1926). 

(4)  Corbet,  R.  E.,  Geisinger,  H.  H.,  and  Holmes,  H.  N.,  J.  Biol. 

Chem.,  100,  657  (1933). 

(5)  Dann,  W.  J.,  and  Evelyn,  K.  A.,  Biochem.  J.,  32,  1008  (1938). 

(6)  Norris,  E.  R.,  and  Church,  A.  E.,  J.  Biol.  Chem.,  85,  477  (1929). 

(7)  Oser,  B.  L.,  Melnick,  D.,  and  Pader,  M.,  Ind.  Eng.  Chem.,  Anal. 

Ed.,  15,  724  (1943). 


Direct  Volumetric  Determination  of  the  Organic 
Sulfonate  Content  of  Synthetic  Detergents 

T.  U.  MARRON1  and  JOSEPH  SCHIFFERLI 
National  Aniline  Division,  Allied  Chemical  &  Dye  Corporation,  Buffalo,  N.  V. 


A  method  has  been  developed  for  the  quantitative  determination 
of  sodium  alkylbenzene  sulfonates,  which  is  applicable  to  com¬ 
mercial  detergents  containing  alkyl  or  alkylaryl  sulfonates.  Under 
standardized  conditions  p-toluidine  hydrochloride  reacts  with  these 
organic  sulfonates  to  give  amine-sulfonate  salts  which  can  be  sub¬ 
jected  to  rapid  and  relatively  precise  quantitative  analytical  deter¬ 
mination  suited  to  the  requirements  of  industrial  laboratories. 

THE  usual  methods  for  obtaining  the  active  organic  content 
of  a  detergent  mixture  are  relatively  long  and  produce  results 
calculated  by  “difference”  methods  (2,  4).  In  a  search  for  a  rapid 
and  direct  mode  of  analysis  for  production  control  to  overcome 
the  time  disadvantages  of  these  methods  a  procedure  has  been  de¬ 
veloped  which  has  considerable  merit  for  the  analysis  of  certain 
detergents  of  either  the  alkyl  sulfonate  or  alkylaryl  sulfonate 
type.  (“Alkyl”  is  used  throughout  to  indicate  hydrocarbon  spe¬ 
cies  obtained  by  fractional  distillation  of  petroleum.)  The  new 
method  employs  the  familiar  qualitative  reaction  of  amines  and 
aryl  sulfonic  acids  (5,  7)  with  modifications  to  obtain  quantitative 
results  of  relatively  high  precision  and  accuracy  under  standard¬ 
ized  conditions. 

METHOD  FOR  ALKYLBENZENE  SULFONATES 

A  neutral  detergent  mixture  containing  the  sodium  salts  of 
alkylbenzene  sulfonic  acids  as  the  active  organic  ingredient  may 
be  reacted  in  aqueous  medium  with  an  amine  salt  of  a  strong  in¬ 
organic  acid  to  produce  the  sulfonic  acid  salt  of  the  amine  and 
the  sodium  salt  of  the  inorganic  acid.  Removal  of  the  sulfonate- 
amine  complex  into  a  water-immiscible  phase  will  displace  the 
equilibrium  to  favor  completion  of  the  reaction.  The  homologous 
nature  of  the  organic  species  in  most  commercial  detergents  facili¬ 
tates  this  removal  by  prevention  of  crystallization.  The  organic 
sulfonate  can  then  be  determined  by  suitable  treatment  of  the 
solvent  extract  of  the  reaction  mixture.  Direct  titration  with 
standard  alkali  in  the  presence  of  a  suitable  indicator  has  been 
found  rapid  and  convenient.  The  weakly  basic  amine  does  not 
interfere.  The  main  reactions  may  be  presented  as  follows  : 

RC6H4S03NA  +  CH3C6H4NH2.HC1  — > 

CHaCe^NHa.RCe^SOaH  +  NaCl 

CH3C6H4NH2.RC6H4S03H  +  NaOH  — > 

RC6H4S03Na  +  CH3C6H4NH2  +  H20 

After  numerous  trials  with  various  amine  salts  and  solvents, 
p-toluidine  hydrochloride  and  carbon  tetrachloride  were  selected 
for  greatest  ease  of  manipulation.  The  following  specific  proce¬ 
dure  was  devised  for  application  to  solid  detergents  containing  30 
to  60%  sodium  alkylbenzene  sulfonate  and  remainder  of  neutral 
inorganic  salts. 

A  weighed  sample  containing  3  to  4  grams  of  the  organic  ma¬ 
terial  is  transferred  to  a  250-ml.  (Corning  No.  6340)  separatory 
funnel  (stem  cut  to  1.25  cm.,  0.5  inch).  Fifty  milliliters  of  c.p.  car¬ 
bon  tetrachloride  and  100.0  ml.  of  an  aqueous  solution  containing 
3.40  grams  of  p-toluidine  hydrochloride  ( 1 )  are  added;  thefunnelis 
then  stoppered  and  shaken  mechanically  at  room  temperature  for 
about  5  to  10  minutes  or  until  all  the  solid  phase  has  disappeared. 
Complete  layer  separation  is  effected  by  a  few  minutes  of  settling. 
The  carbon  tetrachloride  layer  is  carefully  drawn  off,  and  the 
aqueous  phase  is  extracted  a  second  time  using  a  brief  shaking 
with  an  additional  25  ml.  of  carbon  tetrachloride.  The  carbon 
tetrachloride  extracts  are  combined  in  100  ml.  of  95%  ethanol 
previously  just  neutralized  with  0.1  A  sodium  hydroxide  to  a 
faint  purple  end  point  using  m-cresol  purple  as  the  internal  indi¬ 
cator.  The  resulting  solution  is  titrated  in  a  glass-stoppered,  500- 

1  Present  address,  A.  B.  Dick  Co.,  Chicago,  Ill. 


ml.  Erlenmeyer  flask  with  0.1  A  sodium  hydroxide  until  the  emul¬ 
sion  obtained  by  vigorous  intermittent  shaking  during  titration 
tends  to  remain  a  lavender  color.  (Alcohol  is  used  for  facilitating 
the  titration  reaction  and  discerning  the  end  point;  formulas 2B 
and  3A  are  satisfactory.) 

The  organic  content  of  the  sample  is  calculated  from  the  “% 
organic”  equivalent  of  the  standard  sodium  hydroxide  solution 
found  by  carrying  out  the  above  determination  on  a  suitable  ref¬ 
erence  sample  of  known  organic  content. 

Sample  Calculation.  A  reference  sample  was  found  to  have 
an  organic  content  of  40.0%  when  analyzed  by  “difference” 
[  100%  —  (%  sodium  sulfate  +  %  moisture  +  %  sodium  chloride 
+  %  ether-soluble)];  it  required  67.32  ml.  of  0.10  A  sodium  hy¬ 
droxide  per  6.000-gram  sample  by  the  procedure  described; 
therefore,  the  factor  for  converting  ml.  of  0.10  A  sodium  hydrox¬ 
ide  to  per  cent  of  organic  material  in  unknown  samples  of  the 

same  organic  constitution  =  =  0.594  per  6  grams  of  sample. 

o  /  .oZ 

A  6.000-gram  sample  of  an  unknown  required  92.00  ml.  of 
0.10  A  sodium  hydroxide;  hence  its  organic  content  =  ml.  of 
NaOH  X  0.594  =  54.6%. 

In  order  not  to  confine  narrowly  the  apparent  applicability  of 
the  method,  calculations  on  a  stoichiometric  basis  are  avoided  in 
the  general  procedure.  Because  the  weight  of  the  average  of  the 
alkyl  groups  is  not  always  definitely  known  or  is  subject  to  varia¬ 
tion  with  modifications  of  manufacturing  processes  and  because 
of  the  empirics  of  reagent  volumes  in  this  method,  some  products 
may  not  be  accurately  analyzed  when  calculated  factors  are  em¬ 
ployed. 

DISCUSSION  OF  VARIABLES 

When  the  initial  concentration  of  p-toluidine  hydrochloride  is 
fixed  for  a  series  of  determinations  in  which  only  the  weight  of 
sample  is  varied,  the  alkali  equivalent  per  gram  of  sample  re¬ 
mains  constant  when  the  molecular  ratio  of  amine  to  sulfonate  ex¬ 
ceeds  about  2.5. 

When  the  outlined  analytical  procedure  is  applied  to  a  series  of 
duplicate  samples,  except  that  the  p-toluidine  hydrochloride  con¬ 
centration  in  the  amine  reagent  is  varied,  it  appears  that  the  al¬ 
kali  equivalent  per  gram  of  sample  is  regularly  affected  by  the  ini¬ 
tial  concentration  of  the  amine  hydrochloride.  Data  from  such  a 
series  are  plotted  in  Figure  1.  Physical  limitations  fix  the  range 
of  reagent  concentration.  The  amine  salt  in  concentrations  above 
about  8%  on  a  weight-volume  basis  causes  phase  separation  dif¬ 
ficulties;  when  its  initial  concentration  is  much  below  2.5  times 
the  molar  concentration  of  the  sulfonate  and  below  about  3.4 
grams  per  100  ml.  of  reagent,  sufficient  detergent  remains  unre¬ 
acted  to  cause  emulsification.  It  is  not  known  why  the  curve  of 
Figure  1  does  not  become  parallel  with  the  abscissa  at  the  point 
demanded  by  theory,  but  since  a  continuous  line  function  is  ex¬ 
hibited  over  a  wide  range  of  amine  concentrations  and  since  chlo¬ 
rides  can  be  qualitatively  detected  in  the  carbon  tetrachloride  ex¬ 
tract,  it  is  likely  that,  although  p-toluidine  hydrochloride  is  in- 
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Figure  1.  Variation  of  Alkali  Titration  per  Gram  of  Sample  with 
Initial  Concentration  of  p-Toluidine  Hydrochloride 
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Table  I.  Analysis  of  Commercial  Products  by  p-Toluidine  Hydro¬ 
chloride  Method 


Product 

Type  of  Molecule  (3,  6,  8 ) 

Ml.  of 

0.10  N  NaOH 
per  Gram 

Santomerse  1 

Alkylaryl  sulfonate 

10.3 

Santomerse  3 

Alkylbenzene  sulfonate 

26.2 

Santomerse  D 

Alkylbenzene  sulfonate 

26.8 

MP  189 

Alkyl  sulfonate 

9.7 

SV  1959 

Alkyl  sulfonate 

23.8 

Ultrawet  A 

Alkyl  sulfonate 

28.7 

Nacconol  NR 

Alkylbenzene  sulfonate 

11.1 

Nacconol  HG 

Alkvlbenzene  sulfonate 

15.2 

Nacconol  F 

Alkylbenzene  sulfonate 

12.8 

Naccolene  F 

Alkylbenzene  sulfonate  in  solvent 

2.7 

Naccosol  A 

Alkylnaphthalene  sulfonate 

26.7 

soluble  in  carbon  tetrachloride,  it  is  taken  into  the  solvent  layer 
in  slight  amounts  by  small  changes  in  miscibility  related  to  an 
effect  of  p-toluidine  hydrochloride  concentration. 

However,  by  strict  adherence  to  volume  and  reagent  concen¬ 
tration  in  a  procedure  with  any  specified  concentration  of  amine 
hydrochloride  in  the  graphed  range,  one  may  obtain  reproducible 
results  for  alkali  equivalent  per  gram  of  sample  when  the  weight 
of  sample  is  varied  within  its  practical  limits.  Notwithstanding, 
the  reagent  concentrations  at  which  there  apparently  is  stoichio¬ 
metric  relationship  have  been  selected  for  the  authors’  use  to 
avoid  occult  errors.  These  concentrations  were  determined  from 
application  of  the  method  to  mixtures  of  commercial  detergent 
with  pure  sodium  dodecylbenzene  sulfonate,  the  former  being 
employed  in  admixture  to  prevent  formation  of  a  crystalline 
product  by  the  latter. 

When  the  stoichiometric  point  is  found  by  use  of  a  suitable  pure 
compound  of  known  molecular  weight,  the  average  molecular 
weight  of  the  mixture  of  homologs  in  a  commercial  detergent  can 
be  found;  hence,  conditions  at  which  the  metathetical  amount  of 
alkali  is  used  at  the  titration  end  point  can  then  be  determined  for 
other  detergent  mixtures  for  which  a  standard  factor  may  be  de¬ 
sired  to  convert  titrations  to  per  cent  organic  content. 

The  data  in  Figure  1  illustrate  those  obtained  on  portions  of  a 
detergent  sample  for  which  the  average  molecular  weight  had 
been  calculated.  The  point  of  apparent  stoichiometric  relation¬ 
ship  chosen  for  fixing  reagent  quantities  and  volume  was  selected 
by  use  of  this  calculation. 

For  only  routine  or  occasional  analytical  purposes  it  is  not  nec¬ 
essary  to  determine  the  optimum  amine  salt  concentration;  if  a 
desired  reference  sample  is  run  with  the  unknown  under  identical 
conditions  of  volume  and  amount  of  reagents,  the  concentration 
may  be  between  3  and  8%. 

Perchloroethyle  ne  may  readily  be  used  to  replace  the  carbon 
tetrachloride,  but  other  solvent  substitutions  should  be  made 
only  after  an  adequate  study  of  the  effects  involved. 

In  the  presence  of  colored  materials  which  are  otherwise 
negligible  in  effect,  a  pH  meter  and  glass  electrode  may  be  used 
to  determine  the  titration  end  point  in  an  open  vessel  if  vigorous 
stirring  is  provided. 


RESULTS 

Determinations  by  five  analysts  using  fifty-seven  samples  of 
detergent  of  known  organic  content  (35  to  55%)  established  that 
the  p-toluidine  method  as  outlined  above  is  precise  to  ^Q.23%. 
The  accuracy  is  subject  to  sampling  errors  and  to  accuracy  of  the 
standardization  of  alkali  in  terms  of  organic  titer.  In  routine 
practice,  however,  over  a  12-month  period,  results  by  this  method 
have  checked  those  obtained  by  the  usual  “difference”  methods 
to  =*=0.5%,  and  have  cut  the  elapsed  time  for  a  single  determina¬ 
tion  from  about  5  hours  to  20  minutes. 

By  slight  variations  in  technique  the  method  proposed  for  solid 
detergent  mixtures  has  been  applied  successfully  to  various 
process  slurries  and  to  liquid  detergent  and  wetting  preparations 
containing  nonreactive  diluents.  Replacement  of  benzene  with 
toluene,  phenol,  or  naphthalene  as  the  source  of  aryl  group  in  the 
detergent  introduced  no  complexity  of  manipulation. 

Sodium  benzene  sulfonate  alone  or  mixed  with  detergent  sam¬ 
ples  remained  undetected  under  the  conditions  of  the  method. 


A  few  of  the  commercial  detergents  tested  for  adaptability  to 
the  outlined  procedure  are  listed  in  Table  I.  Data  were  not 
available  on  all  the  samples  for  drawing  inferences  about  accu¬ 
racy  from  the  titration  values,  so  such  calculations  were 
omitted  entirely.  Each  sample  seemed  to  have  sufficient  homol¬ 
ogous  nature  to  make  it  amenable  to  this  procedure  without  the 
undesirable  crystallizing  effects  exhibited  by  such  compounds  as 
pure  dodecylbenzene  sodium  sulfonate. 
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New  Standard  Samples 

The  National  Bureau  of  Standards,  Washington  25,  D.  C.,  has 
inaugurated  a  series  of  standard  samples  for  use  in  the  preparation 
of  buffer  solutions  of  known  pH  values  from  0°  to  60°  C.,  and  in  the 
calibration  of  instruments  for  the  measurement  and  control  of  pH. 
Three  standards  of  this  series  are  now  available,  acid  potassium 
phthalate,  potassium  dihydrogen  phosphate-disodium  hydrogen 
phosphate,  and  borax  (sodium  tetraborate  decahydrate) .  The  two 
phosphates  are  intended  to  be  used  together.  Four  new  standard 
steels  have  also  been  added  to  the  list.  Table  I  shows  sample 
numbers  and  fees  of  the  new  standards. 

Orders  should  give  both  the  number  and  the  name  of  the  sample 
wanted.  No  samples  of  smaller  size  than  those  listed  are  distributed, 
and  remittance  should  accompany  order. 

The  bureau  now  issues  more  than  300  different  kinds  of  standard 
samples,  comprising  steels,  irons,  ferroalloys,  nonferrous  alloys,  ores, 
ceramic  materials,  certain  high-purity  chemicals,  hydrocarbons, 
paint  pigments  for  color,  oils  for  viscometer  calibrations,  certain 
reference  standards,  and  melting-point  standards.  Complete  informal 
tion  is  given  in  the  Supplement  to  Circular  C398,  which  can  be  ob¬ 
tained  free  of  charge  upon  application  to  the  bureau. 


Table  1 

Recom¬ 

Approxi¬ 

Price 

Sam¬ 

mended 

mate 

per 

ple 

Concen¬ 

pH  Value 

Weight  of 

Sam¬ 

No. 

Material 

tration 

at  25°  C. 

Sample 

ple 

Mole/liter 
of  solution 

Grams 

185 

Acid  potassium  phthal¬ 

$3.00 

ate 

0.05 

4.005 

60 

186 

Potassium  dihydrogen 

phosphate  (186-1) 
Disodium  hydrogen 

0.02  ( 

6.866 

60 

6.00 

phosphate  (186-11) 

0.027 

187 

Borax 

0.01 

9.177 

30 

3.00 

139 

Steel  (N.E.  8637)  (ap¬ 

proximately  0.5  Ni, 
0.5  Cr,  0.17  Mo) 

150 

3.00 

152 

Steel  (B.O.H.)  (tin¬ 

bearing  approxi¬ 

mately  0.04  Sn) 

150 

2.00 

155 

Steel  (approximately 

3.00 

0.5  Cr,  0.5  W) 

150 

156 

Steel  (N.E.  9450)  (ap¬ 

proximately  1.4  Mn, 
0.5  Ni,  0.4  Cr,  0.13 

Mo) 

150 

3.00 

Colorimetric  Determination  of  Nickel  in  Bronzes 

G.  HAIM  AND  B.  TARRANT,  Arc  Manufacturing  Co.,  Ltd.,  London  W.12,  England 


A  method  is  described  for  the  colorimetric  determination  of  nickel 
in  bronzes.  Copper  is  separated  by  precipitation  with  ammonium 
hypophosphite  and  subsequent  filtration.  The  nickel  is  then  deter¬ 
mined  by  measurement  of  the  color  produced  by  dimethylglyoxime 
in  the  presence  of  citric  acid,  iodine,  and  ammonia.  The  method  is 
rapid  (one  determination  can  be  completed  in  less  than  30  minutes) 
and  of  sufficient  accuracy  for  routine  purposes. 

VARIOUS  color  reactions  have  been  suggested  for  the  colori¬ 
metric  determination  of  nickel  but  dimethylglyoxime  is  so 
far  still  the  best  reagent  for  this  particular  purpose.  This  reac¬ 
tion  is  based  on  the  fact  that  a  red  or  reddish-brown  solution  is 
produced  when  dimethylglyoxime  is  added  to  an  alkaline  solution 
containing  nickel,  provided  that  it  has  previously  been  treated 
with  an  oxidizing  agent  such  as  bromine  water  or  iodine  solution. 
The  colored  compound  is  nickelic  (IV)  dimethylglyoxime.  Its 
color  depends  on  the  method  of  preparation — i.e.,  whether  the 
oxidant  was  added  to  the  solution  when  it  was  still  acid  or  after  it 
had  been  made  alkaline. 

Feigl  (3)  first  described  this  reaction  and  Rollet  (14)  suggested 
a  few  modifications  in  order  to  make  it  suitable  for  colorimetric 
purposes.  Subsequent  investigators  have  used  it  for  the  deter¬ 
mination  of  nickel  in  steel  (2,  5-12,  14,  16),  where  its  use  has  be¬ 
come  extensive.  The  interference  of  iron  can  easily  be  eliminated 
by  adding  citric  or  tartaric  acid.  However,  the  method  is  not 
directly  applicable  in  the  presence  of  considerable  amounts  of 
copper,  and  as  far  as  the  present  authors  can  ascertain,  there  have 
been  only  three  methods  described  in  the  literature  for  its  applica¬ 
tion  to  the  determination  of  nickel  in  bronzes  (1,  4,  13). 

Haywood  and  Wood  (4)  recommend  the  direct  colorimetric 
determination  of  nickel  in  the  presence  of  copper.  By  the  use  of 
special  filters  and  a  suitable  blank  the  difficulties  arising  from  the 
presence  of  copper  are  overcome,  but  this  method  can  be  used  only 
for  nickel  contents  up  to  5%. 

There  is  an  earlier  reference  by  Dietrich  ( 1 )  to  a  similar  method, 
but  apart  from  stating  that  nickel  is  determined  in  an  aliquot 
portion  of  the  solution  used  for  copper,  the  only  information  given 
is  that  bromine  water,  ammonia,  and  dimethylglyoxime  are  re¬ 
quired.  Results  could  be  obtained  within  10  to  15  minutes  for 
nickel  contents  up  to  15%. 

Ochotin  and  Sytschoff  (13)  developed  a  method  for  the  colori¬ 
metric  determination  of  nickel  in  alloys,  which  they  claim  to  be 
rapid  and  accurate  enough  for  routine  analysis.  But  they  state 
that  if  copper  is  the  major  constituent  of  such  an  alloy  a  separa¬ 
tion — e.g.,  by  electrolysis — has  to  be  carried  out  although  this 
separation  need  not  be  quantitative.  After  removal  of  the  copper 
the  nickel  is  precipitated  by  dimethylglyoxime.  The  solution 
containing  the  precipitate  is  then  transferred  to  a  separating 
funnel  and  treated  with  ether,  with  the  effect  that  the  entire 
precipitate  becomes  dispersed  in  the  ether.  The  aqueous  solution 
is  then  drained  off  and  alcohol  and  collodion  are  added  to  the 
ether  suspension.  The  resulting  colored  solution  is  compared 
with  standard  solutions  of  known  nickel  content  prepared  under 
similar  conditions.  This  method  was  tried  out  but  the  separation 
with  ether  was  tedious  and  investigations  to  find  a  more  practical 
method  were  continued. 

Since  the  method  for  steel  was  not  directly  applicable  to  bronzes 
on  account  of  the  interference  of  the  copper,  the  problem  was  to 
find  a  quick  method  of  separating  this  element.  As  small  quanti¬ 
ties  of  copper  are  not  detrimental,  such  a  separation  need  not 
necessarily  be  quantitative.  The  usual  methods  of  separating 
copper — i.e.,  by  electrolysis  or  by  gassing  with  hydrogen  sulfide — 
were  not  adopted,  as  the  former  requires  the  use  of  additional 
apparatus  and  the  latter  is  objectionable  on  account  of  the 
obnoxious  fumes  of  the  hydrogen  sulfide,  and  the  tendency  of 
copper  sulfide  to  become  colloidal  makes  it  difficult  to  filter.  A 
search  through  the  literature  was,  therefore,  carried  out  to  find 
other  suitable  methods  of  separation.  It  was  found  that  Turbin 


(15)  had  attempted  to  separate  copper  and  nickel  by  means  of 
iron  powder.  This  was  tried  out  but  results  were  not  very  prom¬ 
ising.  Next,  an  attempt  was  made  to  reduce  the  copper  by 
means  of  a  sugar  solution  in  the  presence  of  alkaline  sodium 
potassium  tartrate.  This  reaction  is  commonly  used  for  the 
determination  of  sugar  in  urine  and  it  was  considered  that  it 
might  well  be  applied  in  the  reverse  direction.  The  tests  wrere 
fairly  successful  and  the  only  disadvantage  appeared  to  be 
caramelization  of  the  sugar  which  made  it  necessary  to  boil  the 
solution  afterwards  with  nitric  acid  in  order  to  destroy  the  color. 

Finally,  another  method  was  investigated  using  a  solution  of 
ammonium  hypophosphite  as  reducing  agent.  This  effectively 
precipitates  the  copper  at  low'  acid  concentrations,  yielding  a 
precipitate  which  is  easy  to  filter.  Although  the  copper  is  not 
quantitatively  removed  in  this  way,  the  small  amount  which 
remains  does  not  seriously  affect  the  subsequent  colorimetric 
determination  of  nickel.  An  excess  of  hypophosphite  has  no  in¬ 
fluence  on  the  reaction,  as  sufficient  iodine  is  added  for  its  com¬ 
plete  oxidation. 

REAGENTS  USED 

Ammonium  hydroxide,  specific  gravity  0.88. 

Ammonium  hypophosphite  solution,  5%. 

Citric  acid  solution,  10%. 

Dimethylglyoxime  solution,  1%  in  alcohol. 

Iodine  solution,  0.1  N:  12.69  grams  in  50  ml.  of  water  con¬ 
taining  25  grams  of  potassium  iodide.  Solution  made  up  to  1000 
ml. 

Nitric  acid,  1  to  1. 

PROCEDURE 

Transfer  0.1  gram  of  fine  drillings  of  the  alloy  to  a  100-ml. 
beaker  and  add  2  ml.  of  nitric  acid.  Heat  until  solution  is  com¬ 
plete  and  then  evaporate  gently  until  a  greenish  color  is  obtained. 
Dilute  to  20  ml.  with  distilled  water  and  add  5  ml.  of  ammonium 
hypophosphite  solution.  Heat  to  boiling  and  boil  for  3  minutes, 
then  remove  from  hot  plate  and  allow  to  cool.  Filter  through 
a  Whatman  No.  541  filter  paper  (11-cm.)  and  wash  with  tepid 
water  until  bulk  is  approximately  150  ml.  Cool  the  filtrate, 
transfer  to  a  250-ml.  volumetric  flask,  and  make  up  to  the  mark. 
Transfer  25  ml.  of  this  solution  to  a  100-ml.  volumetric  flask  and 
add  in  the  following  order,  shaking  well  after  each  addition: 

10  ml.  of  citric  acid 
2  ml.  of  iodine  solution 
10  ml.  of  ammonium  hydroxide  solution 
4  ml.  of  dimethylglyoxime  solution 

Finally  make  up  to  100  ml.  with  distilled  water. 

Shake  the  flask  well  and  allow  to  stand  for  at  least  10  but  not 
more  than  30  minutes,  and  measure  the  color  produced  by 
means  of  a  Zeiss  Pulfrich  photometer,  using  the  photometer  fila¬ 
ment  o  lamp  with  filter  S53  (having  a  mean  transmission  of 
5300  A.),  and  distilled  water  as  comparison.  (Any  other  type  of 
colorimeter  may  be  used  with  suitable  filters.) 

The  method  as  described  above  was  found  to  be  applicable  for 
nickel  contents  up  to  5%.  For  nickel  contents  between  5  and 
10%  a  10-ml.  aliquot  should  be  taken  and  the  result  multiplied  by 
2.5.  For  nickel  contents  above  10%,  proportionately  smaller 
aliquots  should  be  taken. 

This  method  was  first  investigated  on  standard  solutions  con¬ 
taining  a  known  amount  of  nickel  and  copper  (Table  I).  Solu¬ 
tion  A  contained  10  grams  of  copper  per  liter  and  solution  B  con¬ 
tained  0.2  gram  of  nickel  per  liter.  These  solutions  were  mixed 
in  the  proportions  indicated  and  treated  in  the  way  described 
above. 

The  graph  based  on  these  figures  was  found  to  be  a  straight  line 
passing  through  the  origin,  proving  that  the  color  is  strictly  pro¬ 
portional  to  the  concentration  of  nickel,  and  thus  truly  follows 
Beer’s  law. 
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Table  I.  Determination  of  Nickel  in  Standard  Solutions 


Solution 

Ni,  Mg. 

Cell,  Mm. 

Reading 

K 

1. 

10  ml.  A  +  5  ml.  B 

1.0 

30 

0.36 

0.12 

2. 

10  ml.  A  +  10  ml.  B 

2.0 

30 

0.76 

0.253 

3. 

10  ml.  A  4*  15  nil.  B 

3.0 

10 

0.36 

0.36 

4. 

10  ml.  A  +  20  ml.  B 

4.0 

10 

0.49 

0.49 

5. 

10  ml.  A  4~  25  ml.  B 

5.0 

10 

0.63 

0.63 

6. 

10  ml.  A  +  30  ml.  Ba 

6.0 

20 

0.58 

0.725 

°  10-ml.  aliquot  taken  and  reading  multiplied  by  2.5;  hence: 

Adjusted  coefficient  =  0.725 


Table  II.  Determination  of  Nickel  in  Standard  Bronze 

Ni  (from 


Standard 

Ni 

Standard 

Cell 

Reading 

Graph) 

(Gravimetric) 

Deviation 

Mm. 

K 

% 

% 

% 

HAR 

30 

0.21 

0.07 

0.55 

0.50 

+  0.05 

HAS 

30 

0.99 

0.33 

2.67 

2.66 

+  0.01 

HAT 

30 

1.00 

0.33 

6.75 

6.72 

+  0.03 

HAU 

10 

0.40 

0.40 

7.98 

7.92 

+0.06 

DTD  174 

30 

0.50 

0.167 

1.37 

1.35 

+0.02 

DTD  164 

30 

0.02 

0.34 

2.76 

2.75 

+0.01 

DTD  197 

10 

0.63 

0,63 

5.13 

5.10 

+0.03 

DTD  412 

10 

0.60 

0.60 

4.90 

4.88 

+0.02 

DTD  498 

30 

0.84 

0.28 

2.27 

2.22 

+  0.05 

DTD  504 

30 

0.78 

0.26 

2.10 

2.05 

+0.05 

P-bronze 

30 

1.22 

0.407 

3.30 

3.28 

+  0.02 

Mn-bronze 

80 

0.50 

0.167 

1.34 

1.14 

+  0.20 

Ni-bronze 

30 

1.30 

0.433 

17.6 

17.5 

+  0.10 

The  method  was  then  tried  out  for  a  number  of  standard 
bronzes,  the  nickel  content  of  which  had  previously  been  obtained 
gravimetrically  (Table  II). 

In  the  case  of  the  high-nickel  bronze,  the  solution  was  made 
up  to  500  ml.  and  a  10-ml.  aliquot  taken.  The  reading  was  then 
multiplied  by  5.  The  results  corresponded  well  with  the  gravi¬ 


metric  values,  the  greatest  accuracy  being  found  for  nickel  con¬ 
tents  above  3%. 

The  time  required  for  a  single  determination  is  approximately 
30  minutes,  and  very  much  less  if  a  batch  of  samples  is  investi¬ 
gated  at  the  same  time. 
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Removal  of  Peroxides  from  Org  anic  Solvents 

WALDEMAR  DASLER  and  CLIFFORD  D.  BAUER 
Nutrition  Research  Laboratories,  Chicago,  III. 


A  rapid  and  efficient  method  for  removal  of  peroxides  from  organic 
solvents  by  means  of  activated  alumina  is  presented.  Since  no 
moisture  is  added,  the  method  is  directly  applicable  to  dioxane  and 
anhydrous  solvents. 


THE  autoxidation  of  ethers  and  certain  other  organic  solvents 
during  storage  gives  rise  to  the  formation  of  peroxides.  The 
distillation  of  any  of  a  wide  variety  of  ethers  containing  appre¬ 
ciable  quantities  of  peroxide  may  result  in  dangerous  explosions 
(14).  Peroxide-containing  isopropyl  ether  appears  to  be  particu¬ 
larly  hazardous  in  this  respect,  violent  explosions  of  its  distilla¬ 
tion  residues  having  occurred  as  a  result  of  heating  at  tempera¬ 
tures  well  below  100  °C.  or  even  from  mechanical  shock  alone 
(3,  7). 

The  octane  numbers  of  synthetic  gasolines  are  appreciably 
lowered  by  the  formation  of  peroxides  during  storage,  but  can  be 
largely  restored  by  removal  of  the  peroxides  ( 1 ,  11). 

The'  use  of  peroxide-containing  liquids  as  solvents  for  sub¬ 
stances  which  are  easily  oxidized  necessitates  the  prior  removal 
of  the  accumulated  peroxides.  A  large  number  of  methods  for 
accomplishing  such  purifications  have  been  proposed  from  time 
to  time. 

Peroxides,  aldehydes,  unsaturated  compounds,  and  acids  can 
be  effectively  removed  from  impure  ether  by  shaking  with  aqueous 
silver  hydroxide  precipitated  in  situ  with  an  excess  of  alkali  (12). 
A  commonly  used  laboratory  method  of  freeing  ethyl  ether  of  per¬ 
oxides  consists  in  treating  the  ether  with  an  aqueous  solution  of 


ferrous  sulfate  (14)-  Aqueous  solutions  of  sodium  bisulfite,  acidi¬ 
fied  potassium  iodide,  sodium  sulfite  (14),  and  potassium  per¬ 
manganate  (7)  have  also  been  recommended.  Peroxides  may 
also  be  eliminated  from  ether  by  distilling  over  either  alkaline 
pyrogallol  or  alkaline  permanganate  and  then  passing  a  fine  spray 
of  the  condensed  ether  through  a  strongly  alkaline  solution  of 
either  reagent  (8).  All  these  methods  have  the  disadvantage  of 
necessitating  the  addition  of  water  which,  if  an  anhydrous  solvent 
is  desired,  must  subsequently  be  removed.  Furthermore,  they 
are  not  suitable  for  the  treatment  of  many  water-miscible  liquids 
such  as  dioxane  or  some  of  the  monoalkyl  ethylene  glycol  ethers 
(Cellosolves). 

The  purification  of  ether  with  alkali  metals  (10)  or  hydroxides 
(6,  10)  eliminates  both  peroxides  and  aldehydes  but,  in  common 
with  the  above  methods,  also  requires  a  distillation  procedure. 
Two  recently  developed  methods  for  destroying  peroxides  are 
applicable  to  dioxane  as  well  as  to  some  of  the  acyclic  ethers  (8) . 
These  consist  in  shaking  the  dioxane  with  stannous  chloride  and 
distilling  off  the  dioxane  and  refluxing  with  lead  dioxide  and 
filtering  through  a  tight  filter  paper. 

The  only  previous  report  on  the  use  of  an  adsorbent  for  the 
elimination  of  peroxides  in  ether  appears  to  be  that  of  Rae  (9)  who 
found  that  when  peroxide-containing  ether  was  shaken  with  1.1% 
of  animal  charcoal  and  allowed  to  stand,  the  peroxides  gradually 
decreased  and  in  54  days  finally  disappeared.  Harris  and  Welch 
(4)  found  that  certain  carbons  removed  the  compounds  which 
were  responsible  for  a  positive  Kreis  test  in  a  cottonseed  oil. 

Activated  alumina  has  previously  been  recommended  for  the 
continuous  commercial  drying  of  organic  liquids  (2).  In  con¬ 
nection  with  the  chemical  study  of  certain  oxygen-labile  steroids 
in  these  laboratories,  it  was  found  that  peroxides  could  be  com¬ 
pletely  and  quickly  removed  from  many  organic  solvents  by 
merely  passing  them  through  a  vertical  column  of  activated 


January,  1946 


ANALYTICAL  EDITION 


53 


alumina.  The  peroxides  were  not  decomposed  or  converted  into 
other  products  by  the  alumina,  but  were  removed  from  solution 
by  adsorption.  The  aldehyde  contents  were  also  reduced  by  this 
treatment,  as  was  evidenced  by  testing  with  2,4-dinitrophenyl- 
hydrazine.  The  purified  solvents  did,  however,  give  positive  re¬ 
actions  with  the  Schiff  fuchsin-aldehyde  reagent.  Because  the 
urgency  of  other  problems  prevents  undertaking  a  more  compre¬ 
hensive  study  of  the  removal  of  peroxides  and  aldehydes  by  ad¬ 
sorbents  and  because  of  the  potential  usefulness  of  this  technique 
to  others,  the  results  are  being  published  at  this  time. 

PROCEDURE 

Grade  F-20  chromatographic  Alorco  activated  alumina  (—80- 
mesh)  was  supported  in  an  upright  chromatographic  adsorption 
tube  by  a  clean  cotton  plug.  The  dry  alumina  was  poured  into 
the  tube  while  the  tube  was  being  jarred  to  obtain  good  settling 
of  the  adsorbent.  A  wisp  of  cotton  placed  on  top  of  the  adsorbent 
protected  the  surface  of  the  adsorbent  from  agitation. 

A  generous  layer  of  the  solvent  to  be  purified  was  placed  on  top 
of  the  adsorbent,  the  remainder  of  the  solvent  then  being  added 
by  means  of  a  dropping  funnel  fitted  into  the  top  of  the  tube  with 
a  rubber  stopper.  The  flow  of  the  liquid  through  the  column 
was  greatly  accelerated  by  means  of  air  pressure  applied  to  the 
liquid  in  the  dropping  funnel.  The  compressed  air  which  fur¬ 
nished  the  air  pressure  was  passed  through  a  safety  bottle  of  the 
type  commonly  used  in  reduced  pressure  distillations.  The  valve 
of  the  safety  bottle  was  left  open.  This  prevented  the  building 
up  of  objectionable  pressures.  The  pressure  was  regulated  satis¬ 
factorily  by  adjustment  of  the  valve  in  the  compressed  air  line. 

Determination  of  Peroxides.  Peroxide  values  of  the  origi¬ 
nal  solvents  as  well  as  of  successive  portions  of  solvents  which 
had  passed  through  the  alumina  columns  were  determined  by  an 
iodometric  method  based  on  Wheeler’s  method  of  determining 
peroxides  in  fats  and  oils  (13).  Five  to  50  ml.  of  solvent,  depend¬ 
ing  upon  its  peroxide  content,  were  mixed  with  30  ml.  of  a  40  to 
60  chloroform-glacial  acetic  acid  mixture.  One  milliliter  of 
saturated  aqueous  potassium  iodide  solution  was  added  and  the 
flask  was  rotated  for  1  minute.  At  the  end  of  the  1-minute 
interval,  50  ml.  of  water  were  added  and  the  mixture  was  imme¬ 
diately  titrated  with  0.01  N  sodium  thiosulfate,  using  starch  as 
an  indicator. 


Table  I.  Comparison  of  Iodometric  and  Permanganate  Methods  for 
Determination  of  Peroxides  in  Solvents 


Solvent 


Aqueous  H2O2  1 
Aqueous  H2O2  2 

Aqueous  H2O2  2  +  formaldehyde*2 
Aqueous  H2O2  2  +  acetaldehyde*1 
Ethyl  ether  1 

Ethyl  ether  1  +  formaldehyde3 
Ethyl  ether  1  -j-  acetaldehyde3 
Ethyl  ether  1  +  HjC>2 
Ethyl  ether  9& 

Ethyl  ether  9  +  formaldehyde3 
Ethyl  ether  9  -j-  acetaldehyde3 
Ethyl  ether  2 

Ethyl  ether  2  +  cinnamaldehyde3 
Ethyl  ether  3 

Ethyl  ether  3  through  AI2O3 
Ethyl  ether  4 
Ethyl  ether  5 

Ethyl  ether  5  through  AI2O3 
Skellysolve  F 
Dioxane 
n-Butyl  ether 


Peroxide  Content 


I 

II 

Iodo¬ 

Per¬ 

metric 

manganate 

method 

method 

II/I 

Micromoles  of  O2  per  liter 

10,000 

10,600 

1.06 

333,000 

349,100 

1.05 

304,400 

294,600 

0.97 

155,700 

338,200 

2.2 

0.0 

0.0 

0.0 

0.0 

0,0 

0.0 

6,200 

9,200 

F5 

4,600 

7,850 

1.7 

4,020 

8,510 

2.1 

3,840 

9,160 

2.4 

6,700 

9,200 

1.4 

6,800 

138,600 

20.4 

127 

130 

1.02 

0.0 

0.0 

56,100 

63,800 

i!i 

46,800 

88,100 

1.9 

0.0 

0.0 

0.0 

0.0 

95,600 

36,600 

6  .’4 

56,200 

12,400 

0.2 

3  Solvent  allowed  to  stand  30  minutes  after  addition  of  aldehyde  before 
being  titrated. 

b  Ether  prepared  by  adding  some  ether  having  a  very  high  peroxide  con¬ 
tent  to  peroxide-free  ether. 


Omitting  the  chloroform-acetic  acid  mixture  and  supplying 
the  necessary  acid  by  the  addition  of  1  ml.  of  glacial  acetic  acid  did 
not  yield  good  results — i.e.,  in  some  cases  (n-butyl  ether)  no 
satisfactory  end  point  could  be  obtained  and  in  some  cases  where 
a  very  sharp  end  point  was  obtainable  (dioxane)  the  values  were 
low. 

The  determination  of  adsorbed  peroxide  was  made  on  the 
alumina  after  its  removal  from  the  tube.  The  peroxides  were 


eluted  by  shaking  the  alumina  briefly  with  sufficient  chloroform- 
acetic  acid  mixture  (30  ml.  for  18.5  grams  of  alumina).  One 
milliliter  of  saturated  potassium  iodide  solution  was  added  and 
the  determination  was  carried  out  by  the  procedure  used  in 
determining  the  peroxides  in  solvents. 


Table  II.  Removal  of  Peroxides  from  Ethers 

[1.9  X  33  cm.  AI2O3  columns  (82  grams  of  AI2O3)] 

Volume  Com-  Peroxide  Removed 


Peroxide 

pletely  Freed 

Per  100  gm. 

Solvent 

Content 

from  Peroxide 

Per  column 

AI2O3 

Micromoles 

O2/I. 

Ml. 

Micromoles 

O2 

Micromoles 

O2 

Ethyl  ether  3 

127 

700“ 

88. 9“ 

a 

(absolute)3 
Ethyl  ether  6*> 

1,870 

200 

374 

460 

Ethyl  ether  7C 

3,670 

250 

918 

1,120 

Ethyl  ether  8<* 

31,490 

100 

3,150 

3,840 

n-Butyl  ethere 

61,930 

350 

21,680 

26,400 

Dioxane  1/ 

37,500 

200 

7,500 

9,150 

Dioxane  2<? 

299,600 

100 

29,960 

36,500 

3  Total  supply  700  ml.  AI2O3  column  was  still  able  to  remove  peroxide 
completely  when  all  available  solvent  had  been  treated. 
b  U.S.P.  ether  in  clear  glass  bottle  several  months. 
c  U.S.P.  ether  in  clear  glass  bottle,  then  dried  with  CaCh. 
d  J.  T.  Baker  ethyl  ether,  “for  fat  extraction,  purified,  dried”,  in  a  partly 
filled  amber  glass  bottle  in  dark  for  over  3.5  years. 
c  In  amber  glass  bottle  over  3.5  years. 

/  Contained  no  peroxides  when  received.  Opened  to  admit  air,  closed, 
shaken,  and  allowed  to  stand  in  original  amber  glass  bottle  for  one  month. 

0  In  screw-top  metal  container  for  over  2.5  years. 


The  iodometric  method  ot  determining  peroxides  in  solvents 
was  compared  with  the  permanganate  titration  method  of  King 
(5).  Table  I  shows  that  the  permanganate  method  gave  con¬ 
sistently  higher  results  with  ethyl  ether  but  that  the  ratio  of  these 
results  to  those  obtained  by  the  iodometric  method  varied  widely 
for  different  samples  of  ether.  These  differences  in  results  are 
thought  to  be  due  partly  to  the  titration  of  substances  other  than 
peroxide  by  the  potassium  permanganate  and  partly  to  a  pos¬ 
sible  incomplete  recovery  of  peroxide  by  the  iodometric  method. 
The  potassium  permanganate  titrations  for  peroxide  in  dioxane 
and  n-butyl  ether  unexpectedly  gave  much  lower  results  than  the 
iodometric  method,  possibly  because  of  a  greater  stability  of  these 
peroxides  toward  potassium  permanganate.  All  solvents  which 
were  shown  to  be  free  of  peroxides  by  one  method  were  negative 
by  both  methods. 

The  authors  have  made  no  attempt  to  determine  the  reasons 
for  the  discordant  results  obtained  by  the  two  methods.  Because 
the  iodometric  method  was  more  convenient  and  was  satisfactory 
for  their  purposes,  the  results  reported  below  were  all  obtained 
by  this  method. 


RESULTS 

A  number  of  ethers  were  passed  through  1.9  X  33  cm.  columns 
of  activated  alumina  containing  about  82  grams  of  the  adsorbent. 
Peroxide  determinations  were  made  on  successive  50-ml.  portions 
of  each  solvent  after  it  had  passed  through  the  alumina.  Table 
II  shows  the  volumes  of  these  solvents  which  were  completely 
freed  from  peroxides  by  passage  through  such  a  column. 

On  continuing  to  pass  the  solvents  indicated  in  Table  II  other 
than  ether  3  through  the  columns,  succeeding  portions  of  each 
solvent  contained  increasing  amounts  of  peroxide — i.e.,  the  vol¬ 
umes  indicated  in  the  table  exhausted  the  ability  of  the  alumina 
to  remove  peroxides  completely  from  the  respective  solvents. 
Larger  columns  can,  of  course,  be  used  to  free  proportionately 
larger  volumes  of  solvent  from  peroxides. 

The  700  ml.  given  in  the  table  for  ethyl  ether  3  also  represent 
the  total  supply  of  this  ether  which  was  at  hand.  It  is  likely  that 
a  very  much  larger  volume  of  this  solvent  could  have  been  purified 
had  it  been  available. 

A  comparison  of  ethers  6  and  7  indicates  that  the  moisture 
content  of  the  ether  affects  the  efficiency  of  the  peroxide  removal. 
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A  larger  volume  of  the  dried  ether  was  purified  even  though  its 
peroxide  content  was  double  that  of  the  other. 

Activated  alumina  appears  to  vary  in  its  efficiency  for  remov¬ 
ing  peroxides  with  the  nature  of  the  solvent  being  purified.  Thus, 
its  capacity  for  removing  peroxides  was  much  greater  for  n-butyl 
ether  than  for  ethyl  ether. 

Activated  alumina  seemed  to  work  more  efficiently  with  the 
solvents  having  the  higher  peroxide  contents.  Other  factors  such 
as  aldehyde  or  acid  content  may,  however,  have  been  partly  re¬ 
sponsible  for  this.  The  effect  of  the  rate  of  flow  of  the  solvent 
was  not  investigated. 

Three  Skellysolve  petroleum  fractions,  which  contained  per¬ 
oxides,  were  freed  from  peroxides  by  passing  each  through 
18.5  grams  of  activated  alumina  in  separate  columns  1.5  X  10 
cm.  in  size.  The  peroxides  had  developed  in  the  petroleum 
fractions  by  autoxidation  after  being  redistilled  and  stored  in 
partly  filled  clear  glass  containers  exposed  to  daylight  for  several 
months.  The  volumes  which  were  treated  are  indicated  in  Table 
III.  Because  these  volumes  exhausted  the  available  supply  of 
peroxide-containing  Skellysolves,  the  total  capacity  of  the  col¬ 
umns  for  completely  removing  peroxides  from  these  solvents 
could  not  be  determined;  in  no  case  was  the  peroxide-removing 
capacity  of  the  column  exhausted. 


Table  III.  Removal  of  Peroxides  from  Petroleum  Fractions 

[1.5  X  10  cm.  AI2O3  columns  (18.5  grams  of  AI2O3)] 

Volume  Treated 

Petroleum  and  Completely 

Fraction  Peroxide  Content  Freed  of  Peroxide  Peroxide  Removed 
Micromoles  O2/I.  Ml.  Micromoles  O2 


Skellysolve  B 
Skellysolve  C 
Skellysolve  F 


154.0 

33.6 

48.0 


648“ 

600° 

650“ 


99.8 

20.2 

31.2 


“  These  volumes  exhausted  supply  of  solvents.  Much  larger  volumes 
probably  could  have  been  purified  had  they  been  available. 


That  activated  alumina  removes  peroxides  from  solvents  by 
adsorption  rather  than  by  decomposition  is  clearly  indicated  in 
Table  IV.  The  “peroxide  removed  from  solvent”  was  calculated 
from  the  difference  in  the  peroxide  content  of  the  solvent  before 
and  after  passing  through  the  alumina  column.  The  “adsorbed 
peroxide”  was  determined  by  titrating  the  alumina  itself  after 
passage  of  the  organic  liquid. 


The  removal  of  peroxides  from  organic  solvents  by  means  of 
activated  alumina  appears  to  have  certain  advantages  over  most 
of  the  methods  which  have  been  reported.  The  fact  that  the 
elimination  of  peroxides  by  alumina  takes  place  by  adsorption 
is  of  decided  advantage  in  purifying  solvents  in  those  instances 
where  the  presence  of  peroxide  decomposition  products  might  be 
objectionable.  The  method  is  simple  and  rapid  and  requires  no 
equipment  not  readily  available.  Since  no  moisture  is  added  to 
the  solvent  to  be  purified,  the  method  is  directly  applicable  to  di- 
oxane  and  to  anhydrous  solvents. 


Table  IV.  Adsorption  of  Peroxides 


Solvent 


Ethyl  ether 
Methyl  Cellosolve 
Skellysolve  B 
Dioxane 


(18.5  grams  of  AI2O3) 

Peroxide  Removed 
from  Solvent 
Micromoles  Oi 

87.4 

34.6 

99.8 

2,990.0 


Adsorbed  Peroxide 
Found  in  Alumina 
by  Titration 
Micromoles  O2 

86.4 

35-4 

96.0 

3,040.0 
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A  Constant  Reflux  Ratio  Distilling  Head 

LLOYD  BERG 

Gulf  Research  &  Development  Company,  Pittsburgh,  Pa. 


ONE  of  the  most  troublesome  problems  in  carrying  out  a  dis¬ 
tillation  of  laboratory  or  pilot-plant  scale  is  the  mainte¬ 
nance  of  a  constant  reflux  ratio.  In  any  distillation  upon  which 
calculations  are  to  be  made  and  on  many  precise  analytical  dis¬ 
tillations  as  well,  it  is  essential  that  the  reflux  ratio,  be  constant 
and  known. 

The  simplest  and  most  common  way  of  obtaining  reflux  ratio 
is  use  of  a  stopcock  to  remove  a  fraction  of  the  liquid  from  the 
total  condensate.  Partial  constriction  of  a  capillary  with  mer¬ 
cury  ( 6 )  or  a  nonlubricated  glass  value  (8,  10)  has  been  used  to 
eliminate  the  stopcock  ( 6 ).  Some  shortcomings  and  operating 
difficulties  associated  with  still  heads  which  depend  upon  throt¬ 
tling  of  product  for  reflux  control  are  (4) : 

1.  The  reflux  must  be  laboriously  and  painstakingly  con¬ 
trolled  by  manual  adjustment  of  the  stopcock. 


2.  The  reflux  ratio  must  be  determined  by  drop-counting — 
a  time-consuming  and  often  inaccurate  process. 

3.  Accumulation  of  dirt  particles,  grease,  or  drops  of  insoluble, 
high  surface  tension  liquid  such  as  water  in  the  regulating  stop¬ 
cock  greatly  affects  the  reflux  ratio,  usually  requiring  interruption 
of  the  distillation. 

4.  The  reflux  ratio  varies  with  the  rate  of  distillation,  since 
the  rate  of  product  take-off  remains  fixed. 

5.  A  heterogeneous  (two-phase)  system  cannot  be  distilled 
because  more  of  one  layer,  usually  the  lower,  is  removed  and 
equilibrium  is  thus  destroyed. 

The  accumulative  effects  of  these  difficulties  result  in  frequent, 
sometimes  almost  constant,  attention  to  each  still  in  order  to  get 
satisfactory  distillation;  uncertainty  and  variability  of  the  con¬ 
ventional  still  head,  making  it  difficult  to  do  a  reproducible  and 
good  analytical  distillation ;  near  impossibility  of  carrying  out  a 
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distillation  suitable  for  precise  calculation;  and  inability  to 
handle  a  distillation  yielding  a  heterogeneous  overhead  product. 

Throttling  the  vapor  instead  of  the  condensed  product  elimi¬ 
nates  the  difficulty  encountered  with  heterogeneous  distillates. 

A  constant  reflux  ratio  has  been  obtained  by  the  use  of  inter¬ 
mittent  take-off,  by  dividing  the  condensate  into  two  streams,  or 
by  dividing  the  condensing  surface  into  proportional  parts.  The 
intermittent  take-off  type  usually  employs  a  solenoid  operated 
by  a  timing  device.  The  removal  of  a  portion  of  the  condensate 
is  effected  by  a  swinging  funnel  (2),  a  swinging  wire,  a  ball  and 
seat,  or  a  plunger  and  seat  (7).  One  of  the  latest  intermittent 
arrangements  utilizes  pressure  change  to  withdraw  the  product 
(9).  Most  of  these  devices  are  not  easily  built  and  in  addition 
have  the  difficulties  associated  with  a  complex  system  and  many 
moving  parts. 

Dividing  the  condensed  phase  into  two  streams  has  been  ac¬ 
complished  by  capillaries  (/)  or  by  a  glass  arc  (5). 

Heads  separating  reflux  by  means  of  proportional  condensing 
surfaces  are  of  two  general  types.  One  type  consists  of  a  number 
of  vertical  tubes  in  parallel  arranged  similar  to  a  tube  bundle  heat 
exchanger.  The  vapor  is  condensed  on  the  inner  surface  of  the 


V 


tubes.  Funnels  are  placed  under  a  few  of  the  tubes  to  catch  the 
distillate,  the  condensate  from  the  remaining  tubes  being  re¬ 
turned  as  reflux.  The  Corad  type  head  (3)  condenses  the  vapor 
on  the  inside  of  one  tube  which  is  divided  by  means  of  vertical 
strips  into  several  parallel  surfaces.  The  condensate  from  one 
surface  is  taken  off  as  product  while  the  remainder  is  returned  as 
reflux  to  the  column.  These  heads  operate  very  satisfactorily, 
but  they  are  not  easily  fabricated  from  glass. 

A  distilling  head  of  the  nonintermittent  type  has  been  designed 
(Figure  1)  which  gives  a  constant  reflux  ratio  regardless  of  dis¬ 
tillation  rate,  has  no  moving  parts,  and  can  be  readily  built  by  a 
skilled  glass  blower.  The  vapor  is  condensed  on  the  concave 
(inside)  surface  of  a  vertical  tube  which  has  a  gutter  or  trough 
around  its  lower  inside  perimeter.  The  trough  is  divided  into 
sections  and  each  section  has  a  hole  and  its  own  downspout  or 
drip.  The  downspouts  are  arranged  to  lie  in  a  circle  and  either 
they  or  the  receiving  cup  may  be  rotated  to  take  product  from 
any  (or  none)  of  the  downspouts.  The  length  of  the  section  of 
trough  compared  with  the  total  trough  length  determines  the 
reflux  ratio  obtained  from  each  section. 

Figure  1  shows  the  arrangement  when  the  receiving  cup  is 
fixed  and  the  downspouts  are  rotatable  by  means  of  a  standard- 
taper  ground-glass  joint.  The  head  shown  had  the  condensing 
section  made  from  48-mm.  tubing,  the  lower  chamber  from  56- 
mm.  tubing;  the  downspouts,  5-mm.  tubing;  a  55/50  standard- 
taper  joint  to  rotate  the  downspouts,  and  a  35/25  ground-glass 
ball  joint  to  attach  it  to  the  distilling  column.  The  trough  was 
divided  into  four  sections,  approximately  180,  90,  60,  and  30 
degrees.  This  would  give  reflux  ratios  (amount  returned: 
amount  removed)  of  1  to  1,  3  to  1,  5  to  1,  and  11  to  1.  Calibra¬ 
tion  of  the  head  gave  actual  reflux  ratios  of  0.9  to  1,  3.8  to  1,  5.2 
to  1,  and  8.5  to  1.  The  only  critical  dimension  seems  to  be  the 
diameter  of  the  downspout  giving  the  lowest  reflux  ratio.  It 
must  be  sufficient  to  prevent  trough  overflow  up  to  column 
capacity.  The  condensing  tube  must  be  clean  and  smooth  and 
be  kept  vertical,  so  that  channeling  will  not  occur.  The  head 
operates  satisfactorily  under  vacuum,  provided  the  receiver  is 
connected  by  an  additional  line  to  the  vent  at  the  top  of  the 
condenser.  Heterogeneous  distillates  are  handled  without  diffi¬ 
culty. 

This  type  of  distilling  head  has  the  following  advantages: 

It  gives  a  constant  reflux  ratio  regardless  of  distillation  rate 
Almost  any  reflux  ratio  can  be  obtained  by  proper  design. 

It  requires  no  attention  while  in  operation. 

It  has  no  moving  parts  or  auxiliary  equipment.  It  does  not 
have  excessive  holdup  and  its  cost  of  construction  is  low. 

It  can  be  operated  under  vacuum  or  pressure,  and  can  handle 
heterogeneous  as  well  as  homogeneous  condensates. 

It  can  be  readily  built  by  a  skilled  glass  blower  without  re¬ 
course  to  special  tools  or  parts. 

The  number  of  reflux  ratios  obtainable  with  a  single  head  is 
limited  by  the  number  of  downspouts  that  can  be  built  into 
the  head. 
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Apparatus  useful  for  studies  of  continuous  vegetable  oil  extraction 
in  the  laboratory  are  described  in  a  continuous  countercurrent 
extractor  capable  of  supplying  essential  data,  such  as  completeness 
of  oil  extraction,  contact  time,  solvent-to-solid  ratio,  miscella  com¬ 


THE  development  of  apparatus  for  the  laboratory  study  of 
continuous  countercurrent  extraction  of  vegetable  oils  with 
ethanol  stems  from  difficulties  encountered  in  obtaining  pertinent 
information  by  the  usual  batch-extraction  methods  both  in  the 
laboratory  and  in  the  pilot  plant.  These  difficulties  include  the 
lack  of  information  regarding  the  requisite  ratio  of  solvent  to 
solid,  proper  contact  time  between  them  in  the  extraction  step, 
the  deleterious  effect  on  the  oil  and  by-products  caused  by  pro¬ 
longed  heating  encountered  in  batch  concentration,  and  the  diffi¬ 
culties  due  to  overheating  and  foaming  encountered  in  stripping 
the  last  portions  of  solvent  from  the  oil. 

These  difficulties  are  discouraging  to  anyone  attempting  to 
evaluate  in  the  laboratory  any  solvent  for  use  in  oil  extraction. 


position,  and  solvent  carry-over,-  a  rising-film  evaporator  of  the 
natural  circulation  type  provided  with  a  separator  for  continuous  oil 
removal,-  and  a  new  and  efficient  oil  stripper  providing  turbulence 
and  thin  Rims  by  operating  against  gravity  and  against  surface  tension. 


However,  the  value  of  results  from  laboratory-size  equipment 
capable  of  continuous  operation  is  of  course  enhanced  when 
essential  details  of  plant  operation  are  duplicated,  since,  as  has 
been  pointed  out  (2),  the  “results  obtained  from  one  (laboratory- 
scale  process  equipment)  carefully  operated  are  probably  more 
accurate  than  those  obtained  in  most  commercial  operating  tests”. 
In  an  endeavor  to  achieve  this  goal,  equipment  was  devised  and 
trial  periods  of  actual  laboratory  use  were  given  to  it.  The  pieces 
of  equipment  described  here  give  data  which  are  comparable  to 
commercial  operation.  However,  some  of  them  are  new  and 
further  work  is  needed  to  establish  the  feasibility  of  their  large- 
scale  operation. 


Figure  1.  Continuous  Countercurrent  Vegetable  Oil  Extractor 
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The  essential  details  of  the  equipment  may  be  considered  as  a 
group  of  three  divisions  which  may  be  designated  as  the  ex¬ 
traction  unit  (including  the  dryer),  the  solvent-  and  by-product- 
recovery  unit,  and  the  oil-stripping  unit. 

In  order  to  accumulate  information  for  a  materials  balance,  the 
extraction  unit  must  contain  means  for  uniform  input  of  solvent 
and  oil-bearing  solid  and  control  over  products  to  permit  analyti¬ 
cal  determination  of  the  effect  of  the  extraction.  Furthermore, 
the  solvent  and  solid  feed  must  be  variable  over  such  ranges  as  to 
permit  the  extraction  study  to  include  significant  solvent-to-solid 
ratios.  Variability  of  the  speed  of  the  solids  conveyor  is  also 
essential  for  determination  of  the  proper  time  of  contact  between 
solvent  and  oil-bearing  solid. 

Important  to  the  separation  and  recovery  of  the  major  fraction 
of  the  solvent  is  the  effect  of  heat  on  the  dissolved  substances. 
This  effect  varies  with  the  variety  of  oil  extracted,  since  some  oils 
undergo  changes,  such  as  permanent  darkening,  more  readily 
than  others.  The  heat  effect  varies  also  with  the  solvent  used, 
since  that  determines  the  quantity  and  character  of  material 
other  than  oil  which  is  dissolved.  In  any  case,  heating  of  pro¬ 
longed  duration,  such  as  occurs  in  the  pot-still  type  of  batch  con¬ 
centration,  is  avoided  in  commercial  practice  by  using  the  falling 
film,  packed  column,  or  rising-film  type  of  evaporator  where  the 
liquid  in  the  process  of  evaporation  passes  rapidly  over  the 
heated  surfaces. 

The  effects  of  heat  receive  even  greater  emphasis  when  the 
solvent  remaining  after  evaporative  concentration  is  stripped 
from  the  oil.  This  residual  solvent  can  be  removed  under 


The  conveyor  is  made  from  ordinary  16-mesh  galvanized  iron 
window  screen  of  the  Pearle  type  by  cutting  a  strip  12.1  cm. 
(4.75  inches)  wide  by  8.53  meters  (28  feet)  long  and  binding  the 
edges  with  cloth  to  prevent  raveling.  It  is  made  continuous  by 
lapping  the  ends  on  a  bias  cut  and  stapling  them  with  a  paper 
stapler.  In  operation,  it  has  been  far  more  satisfactory  and  dur¬ 
able  than  originally  anticipated,  since  the  present  conveyor  has 
had  an  almost  daily  use  of  6  or  7  hours  for  about  10  months  and 
will  evidently  survive  many  months  more. 

In  conveying  the  oil-containing  solid  through  the  body  of  the 
extractor,  which  consists  of  45-mm.  tubing  bent  in  the  shape 
shown,  the  screen  closes  around  the  solid  completely,  and  it.  is 
essential  that  the  quantity  of  material  be.sufficient  to  fill  the  tube, 
or  the  solvent  will  channel  past  too  freely.  The  charging  opera¬ 
tion  is  shown  at  1,  where  a  weighed  quantity  of  material  is  fed 
into  a  hopper  which  is  maintained  at  a  constant  height  above  the 
moving  screen,  thus  supplying  a  uniform  feed  to  the  extractor. 
A  tabulation  of  the  quantity  of  solid  required  to  maintain  a  given 
level  of  material  in  the  hopper  supplies  information  as  to  the 
grams  fed  per  hour.  The  rate  of  solid  feed  is  regulated  by  the 
speed  of  the  conveyor,  and  that,  in  turn,  is  regulated  by  the  time 
of  contact  desired  between  the  solid  and  solvent.  The  screen 


Table  I.  Performance  of  Oil  Extractor 


Solvent 

Tempera¬ 

ture 

Solvent-to- 
Solid  Ratio0 
(Weight) 

Contact 

Time, 

Min. 

Oil  Left  in 
Residue,  % 

Hexane  (Skelly  B) 

Room 

1.2/1 

55 

0.39 

Ethyl  alcohol  (absolute) 

Boiling 

2.12/1 

65 

0.62 

Isopropyl  alcohol 

Boiling 

1.27/1 

65 

0.54 

(absolute) 


a  Feed  rate  of  flakes  267  grams  per  hour. 


ordinary  pressures  onty  at  relatively  higher  temperatures  than 
prevail  in  the  first  stage  of  concentration  (3).  By  sweeping  with 
steam  or  an  inert  gas  under  reduced  pressures,  the  temperature 
can  be  greatly  reduced,  and  this  procedure  is  usually  followed 
with  the  falling-film  type  of  stripper,  the  bubble-cap  tower,  or 
the  packed  column  used  as  the  stripping  apparatus.  The  new 
apparatus  described  for  stripping  solvents  from  oils  may  be 
evaluated  in  terms  of  the  following  discussion. 

The  process  of  stripping  proceeds  with  greatest  rapidity  when 
thin  films  are  presented  to  the  heating  surfaces  and  to  the  strip¬ 
ping  atmosphere.  Under  such  condition,  heat  transfer  and 
diffusion  of  solvent-to-free  liquid  surfaces  take  place  most 
rapidly.  The  production  of  thin  films  in  any  equipment  in  which 
the  liquid  flows  freely  over  a  surface  is  complicated  by  the  surface 
tension  forces  which  cause  the  liquid  to  attempt  to  occupy  the 
volume  having  the  smallest  surface  area,  with  the  result  that 
frequently  the  falling  film  becomes  a  meandering  trickle  of  appre¬ 
ciable  thickness.  Similarly,  capillarity,  because  of  the  proximity 
of  surfaces  in  packed  columns,  partially  circumvents  the  pro¬ 
duction  of  thin  films.  This  latter  effect  leads  also  to  channeling 
of  the  descending  liquid  and  of  the  rising  atmosphere. 

EXTRACTION  UNIT 

A  photograph  of  the  continuous  countercurrent  extraction 
unit  including  the  meal  dryer  is  shown  in  Figure  1 .  Figure 
2  is  described  as  to  construction  and  operation 
by  considering  the  conveyor  system,  solvent  sys¬ 
tem,  and  drying  system,  in  that  order. 


Figure  2.  Continuous  Countercurrent 
Vegetable  Oil  Extractor 


belt  conveyor  is  pulled  through  the  system  by  passing  the  belt 
between  rubber  rolls  2,  which  are  driven  by  a  variable-speed 
motor  (not  shown)  through  speed-reducing  gears,  so  that  any 
contact  time  from  0.5  hour  up  to  more  than  1.5  hours  may  be 
obtained. 

The  solvent  is  metered  to  the  extractor  by  a  small  gear  pump 
driven  by  a  variable-speed  motor  through  speed-reducing  gears. 
Since  the  gear  pump  would  not  meter  nonlubricating  liquids,  it 
was  used  to  meter  lubricating  oil  into  a  closed  container,  and  the 
displaced  air  was  used  to  meter  solvent  to  the  extractor.  This 
displacement  system  is  shown  at  3  with  the  point  of  entrance  of 
the  solvent  into  the  extractor  at  3a.  The  solvent  maintains  a 
liquid  level  in  the  extractor  from  4  to  5.  From  5  to  6,  miscella 
(solution)  drain  back  and  fresh  solvent  wash  takes  place,  while 
the  miscella  outlet  is  located  at  7.  The  outlet  take-off  tube  is 
joined  to  the  top  side  of  the  extractor  tube  to  permit  settling  of 
fines.  Hot  extractions  may  be  carried  out  by  passing  steam 
through  a  neoprene  coil,  8,  surrounding  the  center  section  of  the 
extractor. 

The  major  portion  of  solvent  remaining  on  the  extracted  solid 
is  removed  in  dryer  9,  which  is  constructed  of  65-mm.  glass  tubing 
in  order  to  accommodate  copper  heating  coils  in  addition  to  the 
conveyor  belt  and  its  charge.  At  the  end  of  the  dryer  nearest 
the  extractor,  the  size  of  the  tubing  is  reduced  to  45  mm.  in  order 
to  make  a  smooth  and  tight  connection  to  the  extractor.  At  a 
point  just  before  the  reduction  in  size  of  the  tubing,  a  short  piece 
of  20-mm.  tubing  ending  in  a  male  24-40  ground-glass  joint  is 


1 .  Solid  feed 

7. 

Miscella  outlet 

2.  Drive  rolls 

8. 

Heating  coil 

3.  Solvent  feed 

9. 

Dryer 

4  to  5.  Liquid  level 

10. 

Condenser 

5  to  6.  Drainback  and  solvent  wash 

11. 

Trap  to  aspirator 
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joined  to  the  dryer.  This  line  is  con¬ 
tinued  to  a  junction  with  the  sol- 
ent  inlet,  3a,  and  on  to  condenser 
10,  which  in  turn  is  connected  through 
wash  bottle  11  to  a  water  aspirator. 
This  aspirator  is  adjusted  to  cause 
a  very  gentle  movement  of  air  over 
the  heated  solvent-wet  solid  in  the 
dryer  and  up  through  the  condenser, 
where  the  entrained  solvent  vapors 
are  condensed  and  flow  down  with 
the  solvent  feed  into  the  fresh  sol¬ 
vent  wash  portion  of  the  extractor. 
The  conveyor  turns  over  during 
passage  through  the  dryer  and, 
on  emerging,  opens  up  to  dis¬ 
charge  the  dried  solid  into,  a 
tray. 

The  efficiency  of  the  extractor 
for  extracting  soybean  oil  is  clearly 
indicated  in  Table  I.  Commer¬ 
cial-scale  operation  is  predicated  on 
leaving  a  residual  oil  content  of 
1%  or  less.  Vapors  of  solvent  in 
use  are  not  detectable  around  ex¬ 
tractor. 

Information  required  for  a 
materials  balance  can  be  obtained 
with  this  apparatus,  as  well 
as  the  solvent-to-solid  ratios  and 
contact  times  involved  in  re¬ 
ducing  the  oil  content  any  desired 
amount. 


Fisure  3. 


Continuous  Natural 
Concentrator 


Circulation 


1 .  Heating  surface 

2.  Steam  inlet 

3.  Solution  inlet 

4.  Disengager 

5.  Disengager  vapor  outlet 

6.  Separator 

7.  Oil  take-off 


CONTINUOUS  NATURAL  CIRCULATION  CONCENTRATOR 

The  rising-film  evaporator,  capable  of  continuous  operation 
with  natural  circulation,  is  illustrated  in  Figure  3  and  was 
assembled  from  standard  glass  equipment  listed  in  glass-equip¬ 
ment  catalogs.  This  availability,  the  versatility  offered  by  a 
separator  in  the  system,  and  the  ease  of  conversion  to  an  oil 
stripper  are  advantages  over  a  setup  ( 1 )  requiring  construction 
of  special  units. 


.  the  evaporating  unit,  steam  is  introduced  at  2  into  the  outer 
jacket  of  a  West-type  condenser,  1,  so  that  when  the  solution, 
which  is  fed  into  the  bottom  of  the  condenser  through  reducing 
adapter  14,  reaches  the  heated  surface,  the  sudden  formation  of 
solr;f  vapors  causes  it  to  be  thrown  violently  up  the  condenser 
and  through  the  75  angle  adapter,  10,  and  the  gas-inlet  adapter, 
13,  into  the  two-necked,  2-liter,  round-bottomed  flask  serving 
adequately  as  a  centrifugal  disengager.  This  oil  and  unevapo- 
xated  solvent  are  led  into  the  1-liter  separatory  funnel,  6,  which  is 
of  importance  in  the  concentration  of  partially  miscible  liquids 
such  as  alcohol  and  soybean  oil.  In  this  instance,  at  the  tern- 
P^ra iUre+fv  concentration,  the  oil  separates  in  large  drops 
which  settle  into  a  clear  oily  layer  at  the  bottom  of  the  separator 
while  the  supernatant  solution  is  led  by  line  8  back  to  the  evapo¬ 
rator.  The  vapor  from  the  disengager  is  led  through  5  to  a  con¬ 
densing  system  (not  shown)  which,  in  the  authors’  apparatus, 
consists  of  two  condensers,  and  then  into  a  solvent  receiver  which 
is  connected  to  a  vacuum  fine.  The  continuous  concentrated 
solution  take-off,  9,  as  well  as  the  oil  take-off,  7,  must  lead  into 
vacuum  chambers  which  operate  under  the  same  or  lower  pres- 
sures  than  the  evaporator.  To  obtain  the  temperature  to  which 
the  oil  is  heated,  an  adapter  is  available  which  has  a  thermometer 
inlet,  and  this  may  be  substituted  for  the  75°  angle  adapter,  10. 

he  removal  of  ethyl  alcohol  from  an  alcoholic  soybean  oil  solu¬ 
tion  takes  place  in  this  apparatus  at  a  rate  of  about  1800  ml  per 
hour  under  a  pressure  of  12  to  24  cm.,  depending  on  the  concen- 
sure°n  °*  S0  Utlon’  anc*  the  steam  at  atmospheric  pres- 

Heat-transfer  efficiency  for  a  concentration  may  be  calculated 
rom  the  temperature  of  the  steam,  the  temperature  of  the  solu¬ 


tion,  the  latent  heat  of  vaporiza¬ 
tion  of  liquids,  the  area  of  the 
heating  surface,  and  the  rate  of 
distillation  of  the  solvent.  Foam¬ 
ing  is  not  a  problem  with  this 
evaporator. 

CONTINUOUS  OIL  STRIPPER 

In  order  to  avoid  the  previ¬ 
ously  described  difficulty  of  ob¬ 
taining  films  with  the  usual  oil 
strippers,  a  stripper  was  devised 
which  can  be  assembled  from 
standard  glass  equipment  or 
utilize  the  apparatus  described  in 
Figure  3. 

In  utilizing  the  latter  appara¬ 
tus,  it  is  necessary  only  to  put 
regulatory  clamps  over  the  rub¬ 
ber  connections,  11  and  12.  The 
clamp  at  12  is  entirely  closed, 
and  that  at  1 1  is  used  to  regulate 
the  incoming  flow  of  inert  strip¬ 
ping  atmosphere  introduced  at  9. 
The  oil  solution  to  be  stripped  is 
introduced  at  3. 

Stripping  atmosphere  and  oil 
solution  are  introduced  at  the 
bottom  of  a  tube  which  offers 
the  only  means  of  escape  for  the 
atmosphere,  and,  therefore,  the 
gas  rises  through  the  tube  as  a 
series  of  bubbles,  carrying  with 
them  a  quantity  of  liquid.  The 
stripping  atmosphere  is  introduced  too  rapidly  for  the  operation 
to  be  similar  to  the  usual  air  lift,  and,  therefore,  the  quantity  of 
liquid  separating  the  bubbles  is  small,  and  their  rise  is  very 
rapid,  causing  the  liquid  to  spread  on  the  surface  of  the  heated 
tube  until,  finally,  the  thin  bubbles  break.  This  effect  may  be 
controlled,  so  that  bubbles  with  film  surfaces  are  continuously 
forming  and  breaking  against  the  sides  of  the  tube,  in  such  a 
fashion  that  the  liquid  appears  to  be  pushed  against  the  sides  in 
thin  layers  and,  finally,  is  thrown  over  the  top  of  the  tube.  As 
observed  through  the  glass  tubes,  the  operation  takes  place  in  a 
complex  manner  which  bears  no  resemblance  to  the  normal  action 
of  an  air  lift  nor  of  a  rising-film  evaporator.  The  action  supplies 
a  force  in  active  operation  against  the  surface  forces  which  come 
into  control  when  a  liquid  flows  freely  over  a  surface,  and  thereby 
this  stripper  acts  to  overcome  the  contractile  effect  produced  by 
those  forces. 


Since  relatively  large  surfaces  of  solution  are  exposed,  the 
stripping  action  has  been  found  very  successful.  For  example, 
the  authors  have  been  able  to  reduce  the  solvent  content  of  an 
alcoholic  soybean  oil  solution  from  5  to  0.04%  by  operating  the 
system  under  a  pressure  of  60  cm.  with  the  heating  tube  and 
stripping  atmosphere  heated  with  steam  at  atmospheric  pressure. 
A  solution  containing  trichloroethylene,  which  is  one  of  the  most 
difficult  solvents  to  remove  from  vegetable  oils,  was  reduced  from 
7.0  to  0.04%  in  one  passage.  In  this  latter  case,  the  oil  showed 
no  evidence  of  having  been  overheated. 

The  above-described  equipment  is  now  in  use  on  a  study  of  oil 
extraction  of  soybeans  with  ethanol  and  the  results  of  this  study 
will  be  published  soon. 
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Tropical  Testing  Chamber 

CAPT.  T.  F.  COOKE  AND  LT.  R.  E.  VICKLUND,  Corps  of  Engineers,  Army  Service  Forces,  Fort  Belvoir,  Va. 


Figure  1.  Interior  View  of 
Tropical  Testing  Chamber 


through  which  the  air  is 
blown.  A  fan  produces  an  air 
movement  with  a  velocity  of 
4  to  5  miles  an  hour.  Water 
vapor  sprays  are  provided  at 
the  back  of  the  coils. 

Figure  1  is  a  photograph 
of  the  interior  of  the  chamber 
taken  through  the  double 
doors,  showing  the  heating 
and  cooling  coils  at  the  rear. 
On  one  side  are  wooden 
shelves  and  on  the  other  is  a 
bench  with  two  additional 
shelves  below  it.  At  the  end 
of  the  chamber  opposite  the 
large  double  doors  are  three 
soil  burial  beds  4  feet  wide 
by  7  feet  long  by  10  inches 
deep.  One  of  the  beds  is 
mounted  on  rollers  over  the 
other  two  beds.  On  the  floor 
is  abundant  leaf  mold,  provid¬ 
ing  a  source  of  food  for  the 
fungi.  Wooden  walkways 
make  all  parts  readily  accessi¬ 
ble.  Figure  1  shows  an  elec¬ 
trical  generator  set  and  two 
rolls  of  asphalt-coated  burlap 
being  exposed  on  the  floor. 


THE  tropical  testing  chamber  of  the  Engineer  Board  was 
established  at  Fort  Belvoir  in  the  latter  part  of  1944  be¬ 
cause  the  Corps  of  Engineers  needed  to  test  the  resistance  to 
tropical  deterioration  of  a  large  number  of  items  of  equipment,  as 
cork,  fabrics,  optical  glass,  leather,  protective  coatings,  plastics, 
rubber  (both  natural  and  synthetic),  wood  and  wood  products 
(such  as  paper),  and  materials  used  in  electrical  and  electronic 
equipment  and  in  mapping  equipment. 

The  tropical  testing  chamber  may  be  considered  analogous  to 
a  pilot  plant  in  industry.  In  such  an  analogy,  a  pure  culture 
test  would  be  comparable  to  a  laboratory  batch  in  industry,  and 
a  tropical  field  test  comparable  to  a  plant  batch.  In  the  large 
tropical  chamber  end  items  of  equipment  can  be  tested,  which  is 
particularly  important  in  the  case  of  such  materiel  as  optical 
instruments  and  electrical  and  electronic  equipment. 

The  tropical  testing  chamber  is  14  feet  in  width,  32  feet  in 
length,  and  12  feet  in  height.  The  wall  construction  consists  of 
three  layers,  an  outer  layer  of  brick  9  inches  thick,  a  middle 
layer  of  asphalt-impregnated  mineral  wool  4.5  inches  thick, 
and  an  inner  layer  of  Transite  0.375  inch  thick.  The  outer 
layer  of  the  ceiling  is  an  asphalt  slag  roof;  next  is  a  layer  of 
Celotex,  1.5  inches  thick;  next,  a  metal  deck;  under  the  metal 
deck  is  a  layer  of  asphalt-impregnated  mineral  wool  6  inches 
thick;  under  the  mineral  wool  is  a  2-foot  air  space  for  circulation 
of  air;  and  finally,  a  Transite  ceiling  0.375  inch  thick.  The 
chamber  has  double  doors  which  are  9  feet  wide  and  11  feet  high 
and  a  single  pedestrian  door.  The  humidity  and  temperature 
within  the  room  are  controlled  by  heating  and  cooling  coils 


Figure  2.  Temperature-Humidity  Cycle  of  Testing  Chamber 


A  definite  temperature  and  humidity  cycle  is  maintained  in  the 
tropical  testing  chamber.  For  18  hours,  the  relative  humidity 
is  maintained  at  90  =±=  2%  and  the  temperature  is  held  at  85°  ± 
1°  F.  For  6  hours,  the  relative  humidity  is  maintained  at  95  =*= 
2%  and  the  temperature,  is  held  at  75°  =•=  1°F.  This  cycle  is 
shown  graphically  in  Figure  2. 


Figure  3.  Samples  Being  Exposed  in  Testing  Chamber 
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Figure  4.  Photographs  Taken  through  Telescopes  after  2  Months'  Exposure  in  Chamber 
Left.  Untreated  telescope.  Right.  Telescope  treated  with  radium  foil 


The  end  item  is  exposed  in  its  entirety. 

Samples  are  exposed  to  deterioration 
caused  by  moisture  from  condensation. 

Samples  are  exposed  to  deterioration 
aided  by  mites  and  other  insects  which 
are  present  in  the  chamber  (mites  are 
desirable  in  testing  such  items  as  optical 
instruments) . 

Samples  are  exposed  to  deterioration 
caused  by  bacteria. 

It  is  desirable  to  correlate  the  results 
of  tropical  chamber  tests  with  other  types 
of  testing.  Comparisons  with  tropical 
field  tests  and  with  soil  burial  and  pure 
culture  tests  are  being  made.  As  part  of 
a  study  of  commercially  available  fungi¬ 
cides  applied  to  fabrics  that  is  now  being 
carried  out  at  the  Engineer  Board,  ten 
thousand  fabric  samples  are  being  sent 
to  the  Panama  Field  Station  of  the 
National  Defense  Research  Committee, 


Table  I.  Fungi  Introduced  into  Tropical  Testing  Chamber 


Species 

Chaetomium  globosum 
Aspergillus  niger 
Trichoderma  lignorum 
Aspergillus  oryzae 
Mucor  sp. 

Penicillium  sp. 
Aspergillus  19B 
Memnoniella  echinata 
Penicillium  luteum 
Stemphylium  sp. 
Memnoniella  sp. 
Metarrhizium  glutinosum 


Source 
Local 
Hollandia 
South  Pacific 
South  Pacific 
South  Pacific 
South  Pacific 
South  Pacific 
New  Guinea 
India 

New  Orleans 
South  Pacific 
New  Orleans 


Species 
Penicillium  sp. 
Penicillium  expansum 
Penicillium  sp. 
Aspergillus  oryzae 
Penicillium  sp. 
Chaetomium  sp. 
Aspergillus  niger 
Aspergillus  niger 
Spicarios  sp. 
Chaetomium  sp. 
Mucor  sp. 

Aspergillus  versicolor 


Source 

India 

Local 

New  Guinea 
China 

South  Pacific 
New  Guinea 
South  Pacific 
Local 

South  Pacific 
South  Pacific 
South  Pacific 
South  Pacific 


A  relative  humidity  of  90%  at  85°  F.  is  ideal  for  the  growth 
of  most  fungi  and  is  typical  of  tropical  conditions. 

A  relative  humidity  of  95%  at  a  temperature  of  75°  F.  was 
chosen  because  it  provides  a  temperature  drop  and  a  relative 
humidity  rise  comparable  to  conditions  which  occur  in  the 
tropics. 

Cycling  provides  breathing  for  partially  closed  systems  such 
as  optical  instruments. 

Cycling  causes  condensation  which  provides  a  film  of  water 
ideal  for  fungus  growth  and  excellent  conditions  for  the  corrosion 
of  metals. 

The  chamber  was  inoculated  by  the  addition  of  spore  sus¬ 
pensions  of  24  species  of  fungi  obtained  chiefly  from  the  Pacific 
area,  which  were  disseminated  by  means  of  spray,  and  by  the 
native  fungi  occurring  on  the  leaf  mold  placed  on  the  floor  of  the 
chamber.  The  list  of  the  24  species  of  fungi  is  given  in  Table  I. 
Other  fungi  were  undoubtedly  brought  into  the  chamber  by  the 
air  and  by  test  specimens. 

Wooden  shelves  are  employed  for  the  shelf  exposure  of  materials 
because  wood  provides  a  source  of  nutrient  for  fungi,  and  also 
because  exposure  on  wooden  shelves  duplicates  storage  conditions 
in  the  field.  Such  items  as  fabrics,  small  pieces  of  cork,  etc.,  are 
hung  from  glass  rods  with  glass  hooks.  Packaged  materials  and 
large  objects  are  placed  directly  on  the  shelves.  Figure  3  pro¬ 
vides  a  close-up  of  test  specimens  being  exposed  in  and  on  the 
wooden  shelves.  The  center  of  the  chamber  is  used  for  the  ex¬ 
posure  of  large  pieces  of  equipment.  The  soil  burial  beds  in  the 
room  provide  soil  exposure  tests  which  are  likely  to  be  more  re¬ 
producible  than  usual  because  of  the  close  control  of  the  water 
content  and  temperature  of  the  soil  made  possible  by  the  con¬ 
trolled  humidity  and  temperature  in  the  chamber. 

The  advantages  of  tropical  chamber  exposures  are: 

Samples  are  exposed  under  conditions  approximating  those  in 
nature. 

Samples  are  constantly  reinoculated  with  fungus  spores. 

Samples  are  inoculated  by  a  wide  variety  of  species  of  fungi, 
so  that  after  one  grows,  others  may  follow,  if  a  breakdown  of  the 
fungicide  is  caused  by  the  first  fungi. 


and  the  results  of  these  tests  will  be  corre¬ 
lated  with  the  results  obtained  from  similar  samples  exposed  in  the 
chamber.  Cork,  leather,  and  optical  instruments  wall  also  be  ex¬ 
posed  in  the  chamber  at  Panama  and  the  results  compared. 

The  fungi  that  are  now  present  in  the  tropical  testing  chamber 
are  being  identified.  Eight  of  the  species  originally  introduced 
have  already  been  recognized  as  still  present  and  several  others 
which  were  probably  introduced  with  the  leaf  mold  have  been 
identified. 


Figure  5.  Cotton  Sawmill  Belting  after  2  Months'  Exposure  in 

Chamber 

Upper,  Untreated  belting 

Lower.  Belting  treated  with  copper  naphthenate  and  pyridyl  mercuric  stearate 

The  serviceability  and  usefulness  of  tropical  testing  chamber 
exposures  are  illustrated  by  Figures  4  and  5.  Figure  4  contains 
photographs  taken  through  an  untreated  telescope  and  one 
treated  with  radium  foil  (a  treatment  developed  at  the  Engineer 
Board)  after  2  months  of  exposure  in  the  chamber.  Figure  5 
shows  a  comparison  of  a  sample  of  untreated  cotton  sawmill 
belting  and  one  treated  with  copper  naphthenate  and  pyridyl 
mercuric  stearate  after  two  months  of  exposure  in  the  chamber. 


Semimicro-Kjeldahl  Procedure  For  Control  Laboratories 

JOHN  O.  COLE  and  CARL  R.  PARKS 
Research  Laboratory,  The  Goodyear  Tire  &  Rubber  Co.,  Akron,  Ohio 


NITROGEN  analyses  must  often  be  run  either  on  a  very 
limited  amount  of  sample  or  in  the  shortest  possible  time. 
While  the  usual  macroprocedure  is  not  satisfactory  under  these 
conditions,  micromethods  often  cannot  be  employed  because  of 
limitations  on  equipment  and  personnel.  In  recent  years  suffi¬ 
cient  improvement  and  simplification  have  been  made  in  the 
semimicromethod  to  permit  its  use  ip  almost  any  laboratory. 
Among  the  modifications  which  have  been  made  are  the  distilla¬ 
tion  unit  of  Redemann  (4),  the  adaption  of  the  Winkler  boric  acid 
method  to  the  semimicro  scale  by  Wagner  (6),  the  introduction 
of  an  improved  indicator  for  use  in  presence  of  boric  acid  by  Ma 
and  Zuazaga  (I),  and  the  discovery  of  highly  efficient  digestion 
catalysts  of  the  mercury-selenium  type  by  Osborn  and  Krasnitz 
(3). 


Table  I.  Determination  of  Nitrogen  in  Simple  Compounds 

%  Nitrogen 


Compound 

Found 

Theory 

Acetanilide 

10.44 

10.34 

10.36 

p-Bromoacetanilide 

6.47 

6.43 

6.54 

Benzanilide 

7.14 

7.10 

7.07 

This  paper  describes  a  procedure  which  incorporates  these  re¬ 
cent  modifications  and  may  be  used  with  equipment  available  in 
almost  any  laboratory.  The  procedure  has  been  checked  by  two 
different  laboratories  and  has  given  excellent  results  for  more 
than  3  years. 

APPARATUS 

The  balance  employed  should  be  adjusted  to  give  a  precision 
of  0. 1  mg.  or  better  when  weighings  are  conducted  by  the  method 
of  swings.  All  weights  used  should  be  checked  to  assure  accuracy 
within  the  precision  of  the  balance. 

Samples  are  introduced  into  the  digestion  flask  by  means  of  a 
long-stemmed  weighing  tube  {2)  to  prevent  errors  resulting  from 
particles  of  sample  adhering  to  the  neck  of  the  flask  and  escaping 
decomposition. 

A  digestion  rack  can  be  made  by  attaching  six  buret  clamps  to 
an  iron  bar  which  is  clamped  to  a  ring  stand.  The  100-ml. 
Kjeldahl  flasks  are  heated  with  a  Bunsen  or  Fisher  burner. 

The  Redemann  distillation  unit  can  be  made  by  a  glassblower 
of  ordinary  skill  or  may  be  purchased  from  Scientific  Glass 
Apparatus  Co.,  Bloomfield,  N.  J.,  catalog  No.  M-1285. 

REAGENTS 

Catalyst  Mixture.  Grind  together  150  grams  of  anhydrous 
potassium  sulfate,  5  grams  of  metallic  selenium,  and  10  grams  of 
mercuric  oxide. 

Mixed  Indicator.  Prepare  0.1%  bromocresol  green  and  0.1% 
methyl  red  solutions  in  95%  alcohol  separately.  Mix  10  ml.  of 
bromocresol  green  solution  with  2  ml.  of  methyl  red  solution. 

Boric  Acid,  4%.  Dissolve  20  grams  of  boric  acid  in  500  ml.  of 
boiling  distilled  water. 

Sodium  Hydroxide,  48%.  Dissolve  480  grams  of  sodium  hy¬ 
droxide  in  520  ml.  of  distilled  water  and  allow  to  stand  until  car¬ 
bonate-free. 

Sodium  Thiosulfate,  44%.  Dissolve  88  grams  of  sodium  thio¬ 
sulfate  pentahydrate  in  112  ml.  of  distilled  water. 

Standard  Hydrochloric  Acid,  0.015  N.  Prepare  a  0.015  N 
solution  and  standardize  against  pure  sodium  carbonate,  using 
methyl  red  as  an  indicator. 

PROCEDURE 

A  15-  to  50-mg.  sample  (30  to  50  mg.  for  balance  with  precision 
of  0.1  mg.,  15  to  25  mg.  with  precision  of  0.03  mg.)  is  weighed 
into  a  100-ml.  Kjeldahl  flask,  and  4  ml.  of  concentrated  sulfuric 


acid  and  about  1.5  grams  of  catalyst  mixture  are  added.  Diges¬ 
tion  is  started  with  a  low  flame,  gradually  increasing  the  heat 
until  the  mixture  boils  briskly.  For  most  samples  the  solution 
becomes  clear  after  about  10  minutes  heating.  Digestion  is 
continued  for  25  minutes  after  clearing;  .for  difficult  compounds 
such  as  pyridine  derivatives  the  afterboil  should  be  extended  to 
1  hour.  The  flask  and  contents  are  cooled  to  room  temperature, 
20  ml.  of  water  are  added,  and  the  solution  is  well  mixed. 

A  blank  flask  is  fitted  into  place  in  the  distillation  unit  and  the 
apparatus  is  well  steamed.  The  blank  flask  is  replaced  by  the 
flask  containing  the  sample  and  a  moderate  current  of  steam  is 
passed  over  until  the  apparatus  is  completely  filled  with  steam. 
A  125-ml.  Erlenmeyer  flask  containing  10  ml.  of  4%  boric  acid 
solution  and  3  drops  of  mixed  indicator  is  placed  under  the  de¬ 
livery  tube,  with  the  tip  of  the  delivery  tube  below  the  surface  of 
the  acid.  During  the  course  of  several  minutes  12  ml.  of  48%  so¬ 
dium  hydroxide  solution  are  slowly  added.  Dropwise  addition 
of  base  is  necessary  until  most  of  the  acid  is  neutralized  to  pre¬ 
vent  too  violent  a  reaction.  About  4  ml.  of  sodium  thiosulfate 
solution  are  added  immediately  after  the  base  and  the  solution 
is  steam-distilled  as  rapidly  as  possible.  After  25  to  30  ml.  of 
distillate  have  been  collected,  the  receiver  is  lowered  and  about 
5  ml.  of  additional  distillate  are  collected. 


Table  II.  Determination  of  Nitrogen  in  Ring  Compounds 

^  %  Nitrogen 


Compound 

Found 

Theory 

Pyridine  hydrochloride 

11.99 

11.93 

12.12 

2-Aminopyridine 

29.54 

29.55 

29.76 

2-(Pyridyl-2)  ethyl  phenyl 

14.06 

14.13 

amine 

13.90 

2-Chloroquinoline 

8.54 

8.53 

8.57 

Triphenyltriazine 

13.46 

13.52 

13.51 

2-Benzoyl-5-phenyl- 

11.27 

11.29 

glyoxaline 

11.23 

2,5-Diphenyl-3-keto-3,4- 

11.33 

11.29 

dihydropvrazine 

11.24 

2-Methyl-4-phenyl-5-keto- 

15.93 

16.09 

dihydroglyoxaline 

16.10 

The  boric  acid  solution  changes  from  pink  to  a  bluish  green  as 
soon  as  it  comes  in  contact  with  ammonia.  The  solution  is  ti¬ 
trated  with  0.015  N  acid.  Since  the  true  end  point  is  difficult  to 
detect,  the  titration  is  continued  until  a  faint  pink  color  appears. 
The  volume  of  acid  required  to  produce  a  pink  color  of  this  same 
intensity  is  determined  by  adding  standard  acid  to  a  solution  of 
the  same  volume,  containing  the  same  quantity  of  boric  acid  and 
indicator.  The  blank  (usually  about  0.20  ml.  of  0.015  N  acid)  is 
subtracted  from  the  volume  of  acid  required  to  titrate  the  sample. 


Table  III.  Determination  of  Nitrogen  in  High  Polymeric  Materials 


Polymer 

%  Nitrogen 

Found 

Calculated0 

Butadiene-aorylonitrile  70/30  copolymer 

7.69 

7.64 

7.65 

Butadiene-acrylonitrile  60/40  copolymer 

9.15 

9.06 

9.14 

Butadiene-2-vin3  lpyridine  75/25  co¬ 

3.26 

3.27 

polymer 

3.25 

Butadiene-2-vinylpyridine  60/40  co¬ 

5.16 

5.00 

polymer 

5.19 

Butadiene-2-vinylpyridine  50/50  co¬ 

6.19 

6.27 

polymer 

6.32 

Chloroprene-2-vinylpyridine  copolymer 

1.34 

1.32 

1.30 

Polymeric  salt  of  sebacic  acid  and  p- 

8.02 

8.28 

xylylenediamine 

8.13 

Polyhexamethylene  adipamide  (nylon) 

12.03 

11.99 

12.11 

a  Calculated  values  were  obtained  from  analysis  of  polymer  by  an  inde¬ 
pendent  method  such  as  Dumas  nitrogen  or  determination  of  carbon- 
hydrogen  ratio. 
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RESULTS 

Table  I  indicates  that  the  procedure  gives  excellent  results. 

With  the  exception  of  compounds  which  contain  a  nitrogen  to 
nitrogen  or  a  nitrogen  to  oxygen  linkage,  practically  all  organic 
nitrogen  compounds  can  be  analyzed  by  the  Kjeldahl  method. 
So  far  the  authors  have  encountered  no  exceptions  to  this  rule. 
In  Table  II  analytical  results  are  listed  for  a  number  of  nitrogen 
ring  compounds  including  several  pyridine  derivatives.  For 
pyridine  compounds  the  digestion  time  had  to  be  extended  to 
about  one  hour.  Shirley  and  Becker  ( 5 )  observed  that  the  use  of 
a  copper  sulfate  catalyst  gave  low  results  with  pyridine-type 
compounds  while  correct  results  were  obtained  with  a  mercury  or 
mercury-selenium  oxychloride  catalyst.  This  observation  has 
been  confirmed  by  the  authors. 

The  literature  contains  little  information  as  to  the  reliability  of 


the  Kjeldahl  method  for  high  polymeric  materials.  All  high  poly¬ 
meric  materials  investigated  by  the  authors  to  date  have  given 
the  correct  results  by  this  method.  However,  the  same  limitations 
as  to  structure  should  apply  for  high  polymers  as  for  the  usual 
compounds.  Table  III  gives  analytical  results  for  a  number  of 
high  polymeric  substances. 
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Sensitive  and  Selective  Test  for  Gallotannin 
(Tannic  Acid)  and  Other  Tannins 

FRITZ  FEIGL  and  HANS  E.  FEIGL 

Laboratorlo  da  Produeao  Mineral,  Ministerio  da  Asricultura,  Rio  de  Janeiro,  Brazil 


AVIOLET  flocculent  precipitate  is  Slowly  produced  when  an 
ammoniacal  solution  of  tannic  acid  is  warmed  with  a  solu¬ 
tion  of  ferrous  a,a'-dipyridyl  sulfate,  Fe^a'-dipbSCh.  The 
precipitate,  which  filters  well,  forms  quickly  if  the  ammoniacal 
solution  or  suspension  is  treated  with  acetic  acid  and  warmed. 
Precipitation  is  complete,  as  shown  by  the  negative  response  of 
the  filtrate  to  the  most  common  tannic  reagent — i.e.,  ferric  chlo¬ 
ride  plus  sodium  acetate  (2).  A  solution  of  ferrous  <*,a:'-phenan- 
throline  sulfate,  Fe(<*,a'-phen)3S04,  shows  a  similar  reaction  to¬ 
ward  tannic  acid. 

Attempts  to  isolate  precipitates  of  constant  composition  have 
not  been  successful.  Nonetheless,  the  chemical  basis  of  this  new 
reaction  of  tannin  deserves  consideration.  Some  of  the  factors 
involved  are:  the  phenolic  nature  of  the  tannin,  the  colloidal 
character  of  aqueous  tannin  solutions,  the  autoxidation  of  these 
solutions  at  pH  greater  than  7,  and  the  ability  of  Fe(a,a'-dip)3+  + 
ions  to  combine  with  voluminous  and  complex  anions  to  form  red, 
slightly  soluble  salts  (J). 

Of  the  possible  types  of  reaction,  the  writers  believe  the  most 
probable  to  be  the  formation  of  an  adsorption  complex  by  com¬ 
bination  of  the  oxidation  products  of  the  tannin  with  Fe  (<*,<*'- 
dip)3(OH)2,  or  Fe(a,a'-phen)3(OH)2.  Adsorption  compounds 
of  tannin  with  hydrous  metal  oxides  have  been  reported  and  used 
for  analytical  purposes  ($,  4)-  The  assumption  that  it  is  not 
tannin  itself,  but  rather  an  oxidation  product  (of  unknown  compo¬ 
sition)  which  takes  part  in  this  reaction,  is  supported  by  the  ob¬ 
servation  that  no  precipitate  is  formed  if  air  is  excluded,  or  if 
much  alkali  sulfite  is  present.  This  is  also  in  agreement  with  the 
fact  that  the  deposition  of  the  violet  precipitate  occurs  gradually, 
and  the  precipitate  always  forms  first  at  the  upper  surface  of  the 
liquid.  This  effect  is  seen  distinctly  if  the  solution  of  tannic  acid 
is  not  extremely  dilute. 

The  probability  that  autoxidation  of  tannic  acid  is  responsible 
for  the  reaction  with  Fe(a,a'-dip)j'H+  ions  made  it  likely  that 
other  autoxidizable  phenolic  compounds  would  exhibit  an  analo¬ 
gous  behavior.  Trials  showed  that  ammoniacal  solutions  of  pyro- 
gallol  give  a  very  strong  reaction.  Gallic  acid,  in  cold  saturated 
(1%)  solution,  gives  a  visible  response,  though  much  less  decided 

1  Translated  from  the  German  manuscript  by  Ralph  E.  Oesper,  University 
of  Cincinnati,  Cincinnati,  Ohio. 


than  tannic  acid  and  pyrogallol  at  this  dilution.  Hydroquinone 
reacts  weakly.  Phloroglucinol,  resorcinol,  and  pyrocatechol  give 
no  response.  These  findings  led  to  the  expectation  that  vege¬ 
table  tannins  would  behave  toward  Fe(a,a'-dip)jS04  as  tannic  acid 
does,  since  they  are  all  phenolic  in  nature,  and  their  alkaline 
solutions  are  said  ( 2 )  to  absorb  oxygen.  This  prediction  has  been 
realized  with  all  the  natural  tanning  agents  that  have  been 
tested  thus  far,  though  the  number  of  varieties  available  has  not 
been  large.  Consequently,  this  reaction  applies  to  gallotannin 
and  to  other  tannins.  As  will  be  seen,  the  nature  of  the  response 
to  the  tannin  reaction  with  Fe(a,a'-dip)3S04  is  not  determined  by 
whether  the  test  material  is  a  pyrogallol-  or  catechutannin. 
Synthetic  tans,  which  mostly  are  condensation  products  of  for¬ 
maldehyde  and  sulfonated  phenols,  give  no  response. 

DETECTION  OF  TANNIC  ACID  (GALLOTANNIN) 

Reagent.  Dissolve  0.25  gram  of  a,<*'-dipyridyl  and  0.146 
gram  of  ferrous  sulfate  heptahydrate  in  50  ml.  of  water.  The 
solution  keeps  well  in  closed  containers.  Before  the  test,  it  is 
well  to  render  a  portion  of  the  reagent  ammoniacal  and  boil. 
Remove  the  resulting  slight  precipitate  of  hydrous  ferric  oxide 
by  filtering  or  centrifuging.  This  purification  is  essential  when 
testing  for  small  quantities  of  gallotannin  or  other  tannins. 

Procedure.  Test  Tube  Reaction.  Treat  1  ml.  of  the  test 
solution  with  an  equal  volume  of  ammoniacal  reagent  solution 
and  bring  the  mixture  to  boiling.  Add  acetic  acid  until  the  odor 
of  ammonia  vanishes  and  again  heat  the  solution  to  boiling.  A 
flocculent  violet  precipitate  forms.  If  only  minute  quantities  of 
the  tannin  are  present,  the  precipitate  has  a  brownish  tinge. 
Turbidities  produced  by  minute  amounts  of  precipitate  can  be 
easily  discerned  in  the  red  solution,  if  the  test  tube  is  held  toward 
an  intense  source  of  light  and  a  sheet  of  frosted  glass  interposed. 
Identification  limit,  8  micrograms  of  tannic  acid;  limiting  con¬ 
centration,  1  to  125,000. 

Drop  Reaction.  Place  one  drop  of  the  test  solution  in  a  small 
(0.05-ml.)  centrifuge  tube,  add  2  drops  of  reagent  solution  and 
suspend  the  tube  in  boiling  water  for  several  minutes.  After 
acidifying  with  acetic  acid,  again  warm  the  solution  and  then 
centrifuge.  Any  precipitate  collects  in  the  constricted  end  of  the 
tube.  Very  tiny  precipitates  are  readily  seen  if,  after  centrifuging, 
the  tube  is  held  against  white  paper.  A  blank  test  is  recom¬ 
mended  when  small  amounts  of  tannic  acid  are  suspected. 
Identification  limit:  1  microgram  of  tannic  acid;  limiting  con¬ 
centration:  1  to  50,000. 

The  test  for  tannic  acid  can  alternatively  be  carried  out  as 
follows : 
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Make  the  test  solution  ammoniacal,  warm,  acidify  with  acetic 
acid,  and  then  add  the  reagent  solution.  This  procedure  is  not 
so  sensitive  as  those  already  outlined. 

The  nonspecific  phenol  reaction  of  tannic  acid  with  dilute  so¬ 
dium  acetate-ferric  chloride  solution  is  not  so  sensitive  as  the 
test  described  here.  As  a  test-tube  reaction  the  identification 
limit  is  25  micrograms;  the  limiting  concentration  is  1  to  40,000. 
The  corresponding  figures  for  the  drop  reaction  on  a  spot  plate 
are  1  microgram  and  1  to  50,000.  Hence  the  new  test  is  three 
times  as  sensitive  as  the  ferric-phenol  reaction  when  carried  out 
in  a  test  tube,  and  just  as  sensitive  as  the  latter  when  spot  test 
techniques  are  used. 

DETECTION  OF  NATURAL  TANNINS  AND  DIFFERENTIATION 
FROM  SYNTHETIC  TANS 

The  test  solution  (0.5%)  is  prepared  from  the  solid  specimen. 
One  milliliter  of  the  filtered  liquid  is  carried  through  one  of  the 
procedures  as  outlined.  When  testing  extracts  of  tanning  agents, 
test  portions  are  prepared  by  diluting  the  specimen  1  to  10  and 
1  to  100,  and  1-ml.  portions  are  used.  The  behavior  of  all  solu¬ 
tions  toward  ammonia  and  acetic  acid  should  be  determined  be¬ 
fore  adding  the  reagent.  If  a  precipitate  appears  on  adding  acetic 
acid  to  the  warm  ammoniacal  solution,  it  should  be  removed,  and 
the  test  tube  procedure  carried  out  on  the  filtrate  after  again 
making  the  solution  ammoniacal.  The  test  with  Fe(<*,a'-dip)j- 
S04  was  tried  on  a  variety  of  tanning  materials.  The  following 
natural  tannins  gave  a  positive  reaction:  gallotannin;  tara 
powder;  gambier;  rnyfobalan;  quebracho;  and  extracts  of 
wattle,  mangle,  sumac,  and  fustic.  In  marked  contrast  the  fol¬ 
lowing  synthetic  tanning  agents  gave  a  negative  reaction: 
orotan  N,  syntan  A,  syntan  S,  mertanol  7  L,  maxyntan,  and 
tanasol.  These  findings  indicate  that  this  test  is  suitable  for 
distinguishing  commercial  natural  from  synthetic  tanning 
agents. 

Similar  differentiating  tests  were  also  made  on  finished,  mostly 
colored,  leathers.  About  0.5  gram  of  the  leather  was  cut  into 
tiny  bits  and  boiled  in  2  ml.  of  ammonia  water  for  2  minutes. 
The  clear  filtrate  was  carried  through  the  test  procedure.  Pre¬ 
liminary  tests  with  ammonia  and  acetic  acid  were  made  in  all 


cases.  This  step  is  indispensable  when  testing  leathers  colored 
with  coal-tar  dyes,  because  the  addition  of  the  reagent  to  the 
ammoniacal  solutions  of  many  acid  dyes  results  in  a  precipitate 
that  does  not  dissolve  in  acetic  acid.  If  the  preliminary  test  pro¬ 
duces  a  precipitate,  it  is  filtered  off,  and  the  tannin  test  is  made  on 
the  clear  filtrate  after  it  is  again  made  ammoniacal. 

In  19  out  of  20  cases,  the  test  revealed  the  nature  (vegetable 
or  synthetic)  of  the  tanning  agent.  The  single  exception  was  a 
leather  that  had  been  tanned  with  a  sulfited  quebracho  extract; 
it  gave  a  negative  response.  Further  studies  will  be  necessary  to 
determine  whether  the  test  fails  with  leathers  tanned  with 
strongly  sulfited  tannin  extracts.  A  trial  with  a  technical  sul¬ 
fited  quebracho  extract  showed  that  it  still  gives  a  distinct  tan¬ 
nin  reaction  at  a  dilution  of  1  to  1000. 

DETECTION  OF  TANNINS  IN  BEVERAGES 

Three  milliliters  of  the  samples  were  taken  for  the  tests. 
Positive  reactions  were  given  by  4  varieties  of  red  wine  (tart, 
sweet);  3  varieties  of  white  wine  (tart,  sweet);  and  water  ex¬ 
tracts  of  tea,  mat6,  and  guarana.  Negative  responses  were  ob¬ 
tained  with  Cinzano  (Italian  origin);  beer  (light,  dark);  and 
water  extracts  of  coffee  (raw,  roasted). 
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Gas  Bubble  Releaser  for  Use  in  Dumas  Nitrogen  Determination  Azotometers 

RENATO  POMATTI,  The  Texas  Co.,  Beacon,  N.  Y. 


A  RATHER  common  and  annoying  occurrence  in  running  a 
Dumas  nitrogen  determination  is  the  sticking  of  gas 
bubbles  to  the  surface  of  the  mercury  in  the  azotometer.  This 
has  been  attributed  to  too  narrow  an  opening  of  the  gas  inlet  of  the 
nitrometer,  too  short  a  distance  between  the  gas  inlet  and  the 
level  of  the  mercury,  excessive  greasing  of  the  gas  inlet  stopcock 
(S),  and  the  use  of  perfectly  pure  clean  mercury  when  the  azo¬ 
tometer  is  first  filled  (4). 

Flaschentriiger  (1)  and  Weygand  (5)  say  that  this  difficulty 
can  be  overcome  by  the  addition  of  powdered  copper  oxide  to  the 
surface  of  the  mercury.  Nichols  (#)  suggests  the  use  of  mercurous 
oxide  for  the  same  purpose.  None  of  these  measures,  which  are 
preventive  in  character,  has  been  found  completely  reliable. 

A  simple  direct  method  for  releasing  gas  bubbles  already  stick¬ 
ing  to  the  mercury  has  been  used  effectively  in  this  laboratory 
for  over  a  year. 

A  piece  of  steel  or  iron  wire  about  1  cm.  long,  slightly  curved,  is 
placed  in  the  azotometer  so  that  it  rests  on  the  surface  of  the 
mercury.  Whenever  gas  bubbles  are  to  be  released,  the  piece  of 
wire  is  swept  over  the  mercury  by  means  of  a  small  permanent- 
type  magnet  held  outside  the  azotometer  near  the  level  of  the 
mercury  and  opposite  the  wire.  The  wire  is  attracted  to  the  mag¬ 


net  and,  in  passing  over  the  surface  of  the  mercury,  releases  the 
bubbles.  The  wire  can  thus  be  moved  back  and  forth  simply  by 
placing  the  magnet  in  the  proper  position  opposite  it.  To  facili¬ 
tate  this  operation  two  magnets  can  be  used.  These  are  held  on 
opposite  sides  of  the  azotometer  and  brought  near  the  azotometer 
alternately. 

In  addition,  this  device  can  be  used  to  break  up  small  bubbles 
at  the  potassium  hydroxide  solution-gas  interface.  This  is  done  by 
attracting  the  wire  to  the  magnet  and  moving  it  up  slowly  to  the 
interface.  By  moving  the  wire  up  and  down  through  the  inter¬ 
face,  the  gas  bubbles  are  broken.  Large  gas  bubbles  stuck  or 
moving  up  very  slowly  in  the  graduated  portion  of  the  azotometer 
can  be  released  also  by  this  means. 
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Determination  of  Reducing  Sugars 

Mathematical  Expression  of  Reducing  Action  in  the  Lane  and  Eynon  and  Volumetric  Ferricyanide  Methods 

F.  W.  ZERBAN,  W.  J.  HUGHES,  and  C.  A.  NYGREN 
New  York  Sugar  Trade  Laboratory,  New  York,  N.  Y. 


N  THE  determination  of  reducing  sugars  by  direct  titration 
against  Fehling  solution  according  to  Soxhlet,  Violette,  or 
Pavy,  it  has  been  generally  assumed  that  the  concentration,  x, 
of  sugar  solution,  multiplied  by  the  volume,  y,  required  for 
complete  reduction  of  a  fixed  quantity  of  copper  solution,  is  con¬ 
stant  (xy  =  C).  But  Soxhlet  (6)  showed  as  early  as  1878  that 
this  simple  relationship  holds  only  if  the  concentration  of  the 
unknown  sugar  solution  is  approximately  the  same  as  that  used 
for  standardization  of  the  Fehling  solution.  Later,  Lane  and 
Eynon  (/)  found  that  the  “factor”  (C/100)  may  vary  as  much  as 
5%  for  a  range  of  15  to  50  ml.  of  sugar  solution  used. 

When  it  became  apparent  about  two  years  ago  that  copper 
salts  might  be  difficult  to  obtain,  it  was  decided  to  devise  a  sub¬ 
stitute  for  the  Lane  and  Eynon  method,  and  alkaline  ferricyanide 
solution  was  tried,  as  first  proposed  by  Ionescu  and  Vargolici  (1), 
with  methylene  blue  as  indicator  of  complete  reduction.  When 
the  results  were  plotted  by  Louis  Sattler,  of  this  laboratory,  it 
was  discovered  that  there  is  a  straight-line  relationship  not  be¬ 
tween  x  and  y,  but  between  their  logarithms,  and  that  the  results 
can  be  expressed  by  the  equation 


log  y  =  log  b  —  m  log  x 

(i) 

<c; 

II 

O" 

H 

1 

2 

(2) 

where  b  and  m  are  constants.  The  original  equation,  xy  = 
C,  or  y  =  C lx,  is  a  special  case  of  the  general  equation  y  = 
C /xm,  with  m  =  1. 

EQUATIONS  FOR  LANE  AND  EYNON  METHOD 

To  test  the  validity  of  this  law  of  reducing  action  for  the  Lane 
and  Eynon  method,  the  values  of  m  and  log  b  were  calculated  by 


Table  I.  Comparison  between  Lane  and  Eynon  Titers  and  Those 
Calculated  from  Equation  1  for  Invert  Sugar  Alone 


(10  ml.  of  Fehling  solution) 


Sugar 

Sugar 

Sugar 

in 

Solution, 

Solution, 

100  Ml. 

L.  &  E. 

Equation  1 

Difference 

Mg. 

Ml. 

Ml. 

Ml. 

336 

15 

15.00 

0.00 

298 

17 

16.98 

-0.02 

267 

19 

19.03 

+  0.03 

242.9 

21 

20.98 

-0.02 

222.2 

23 

23.00 

0.00 

204.8 

25 

25.02 

+  0.02 

190.4 

27 

26.98 

-0.02 

177.6 

29 

29.00 

0.00 

166.3 

31 

31.04 

+  0.04 

156.6 

33 

33 . 03 

+  0.03 

147.9 

35 

35.04 

+  0.04 

140.2 

37 

37.03 

+  0.03 

133.3 

39 

39.01 

+  0.01 

127.1 

41 

40.98 

-0.02 

121.4 

43 

42.98 

-0.02 

116.1 

45 

45.01 

+  0.01 

111.4 

47 

46.97 

-0.03 

107.1 

49 

48.92 

-0.08 

Average  difference 

±0.023 

Maximum 

difference 

-0.08 

Table  II.  Constants  in  Equation  1  for  Reducing  Effect  of  Various 
Sugars,  as  Determined  by  Lane  and  Eynon 


Deviation 


m  log  b  log  b 

10  ml.  of  Fehling  solution 

Average 

ML 

Maximum 

Ml. 

Invert  sugar 

1.0341 

3.7886 

0 . 2730 

0.023 

0.08 

Plus  1  gram  of  sucrose 

1.0166 

3 . 7405 

0.2718 

0.013 

0.04 

Plus  5  grams  of  sucrose 

1 . 0030 

3.6848 

0.2722 

0.012 

0.04 

Plus  10  grams  of  su- 

crose 

0.9830 

3 . 6240 

0.2713 

0.067 

0.21 

Plus  25  grams  of  su- 

crose 

0.9552 

3.5308 

0.2698 

0.109 

0.28 

Dextrose 

1 . 0354 

3.7789 

0 . 2740 

0.017 

0.04 

Levulose 

1.0315 

3.7966 

0.2717 

0.023 

0.06 

Maltose  hydrate 

0.9759 

3 . 8444 

0.2512 

0.008 

0.03 

Lactose  hydrate 

1.0010  3.8348  0.2610 

25  ml.  of  Fehling  solution 

0.057 

0.14 

Invert  sugar 

1.0124 

4.1270 

0.2453 

0.018 

0.05 

Plus  1  gram  of  sucrose 

1 , 0086 

4.1130 

0 . 2452 

0.009 

0.04 

Dextrose 

1.0121 

4.1138 

0.2458 

0.022 

0.05 

Levulose 

1.0108 

4.1362 

0.2444 

0.016 

0.04 

Maltose  hydrate 

0.9597 

4.1932 

0.2289 

0.024 

0.05 

Lactose  hydrate 

0.9750 

4.1593 

0.2344 

0.016 

0.04 

the  method  of  averages  from  18  pairs  of  values  for  milligrams  of 
sugar  in  100  ml.  of  solution  and  the  corresponding  titers  given  in 
the  Lane  and  Eynon  tables  (3) .  A  detailed  comparison  between 
the  figures  in  the  table  for  invert  sugar  alone,  with  10  ml.  of 
Fehling  solution,  and  those  calculated  from  the  equation  is 
shown  in  Table  I.  In  this  particular  case  m  was  found  to  be 
1.0341,  and  log  b  =  3.7886. 

In  Table  II  the  values  of  m  and  log  b,  calculated  as  explained, 
are  shown  for  all  the  sugars  and  sugar  mixtures  studied  by  Lane 
and  Eynon,  together  with  the  maximum  and  average  deviations 
of  the  calculated  titer  from  that  given  in  their  tables. 

In  two  of  the  equations  the  value  of  m  is  so  close  to  unity  that 
the  formula  y  =  C /x  could  be  used  without  serious  error.  The 
ratio  of  m  to  log  b  for  invert  sugar  is  about  midway  between  the  ra¬ 
tios  for  dextrose  and  levulose.  With  increasing  quantities  of 
sucrose  added  to  invert  sugar  both  m  and  log  b  decrease,  m  more 
rapidly  than  log  b,  as  shown  by  the  ratio  between  the  two. 

The  agreement  between  the  titers  given  in  the  Lane  and 
Eynon  tables  and  those  calculated  is  remarkably  close,  the  aver¬ 
age  deviations  being  in  most  instances  around  0.02  ml.  or  less 
and  the  maximum  deviations  well  within  0.1  ml.  Larger  dis¬ 
crepancies  are  found  in  the  case  of  invert  sugar  in  the  presence  of 
10  or  more  grams  of  sucrose,  titrated  against  10  ml.  of  Fehling 
solution.  Lane  and  Eynon  have  pointed  out  that  the  total  time 
of  boiling  has  a  pronounced  effect  on  the  reducing  power  of  in¬ 
vert  sugar  mixed  with  large  amounts  of  sucrose.  The  maximum 
discrepancies  occur  usually  when  the  titer  is  very  high,  close 
to  50  ml. 

An  interesting  case  is  presented  by  lactose,  titrated  against 
10  ml.  of  Fehling  solution.  Here  the  factor,  C/  10C,  found  ex¬ 
perimentally  by  Lane  and  Eynon  decreases  between  15-  and  30- 
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Table  III. 


Invert  Sugar  Table  for  10  Ml.  of  Alkaline  Ferricyanide 
Solution,  Diluted  with  20  Ml.  of  Water 


Titer 


Invert  Sugar 


Invert  Sugar  + 
1  Gram  of  Su- 


Invert  Sugar  + 
3  Grams  of  Su- 


Invert  Sugar  -f- 
5  Grams  of  Su- 


Invert  Sugar  + 
10  Grams  of  Su- 


Invert 

Alone 

crose 

crose 

crose 

crose 

Sugar 

Mg. 

Found 

Calcd. 

Found 

Calcd. 

Found 

Calcd. 

Found 

Calcd. 

Found 

Calcd. 

400 

14.30 

14.28 

14.12 

14.11 

14.11 

14.00 

13.89 

13.84 

13.62 

13.64 

360 

15.93 

15.95 

15.79 

15.76 

15.64 

15.64 

15.52 

15.48 

15.16 

15.15 

320 

18.00 

18.05 

17.78 

17.83 

17.64 

17.70 

17.56 

17.54 

17.14 

17.17 

280 

20.83 

20.77 

20.49 

20.51 

20.28 

20.36 

20.12 

20.20 

19.71 

19.79 

260 

22.45 

22.46 

22.18 

22.16 

22.01 

22.01 

21.78 

21.85 

21.39 

21.41 

240 

24.50 

24.43 

24.08 

24.10 

23.92 

23.94 

23.85 

23.79 

23.49 

23.32 

220 

26.70 

26.77 

26.46 

26.40 

26.31 

26.23 

26.01 

26.09 

25.50 

25.58 

200 

29.60 

29.60 

29.11 

29.18 

28.99 

28.99 

28.91 

28.86 

28.39 

28.31 

180 

33.08 

33.07 

32.51 

32.60 

32.36 

32.38 

32.25 

32.28 

31.51 

31.67 

160 

37.41 

37.43 

36.99 

36.87 

36.58 

36.64 

36.56 

36.57 

35.81 

35.89 

ml.  titer,  and  then  increases  again  up  to  50-ml.  titer.  This 
would  mean  that  in  the  lower  range  m  is  greater  than  unity,  but 
in  the  higher  range  smaller  than  unity,  and  would  explain  the  un¬ 
usual  discrepancies  observed  when  the  entire  range  is  considered 
to  have  only  one  value  for  m.  But  it  is  also  possible  that  the  ex¬ 
ception  is  only  apparent  and  caused  by  experimental  difficulties 
in  maintaining  a  uniform  rate  of  boiling  and  addition  of  sugar 
solution,  which  affects  the  results  obtained  with  disaccharides 
more  than  it  does  with  monosaccharides. 

Jackson  and  Mathews  (2)  have  called  attention  to  the  fact 
that  the  Lane  and  Eynon  factors  found  by  different  operators  or 
with  different  batches  of  Fehling  solution  may  vary  somewhat 
from  those  given  by  Lane  and  Eynon,  and  recommend  that  each 
analyst  standardize  his  own  analyses  with  solutions  of  the  pure 
sugar.  This  can  now  be  readily  done  by  plotting  two  or  more 
points  on  double  log  paper  and  drawing  a  straight  line  through 
them. 

VOLUMETRIC  FERRICyANIDE  METHOD 

In  this  method  the  concentrations  of  the  potassium  ferricyanide 
and  potassium  hydroxide  were  increased  over  those  specified  by 
Ionescu  and  Vargolici,  in  order  that  titers  between  15  and  50 
ml.  of  sugar  solution  might  correspond  to  approximately  400  to 
100  mg.  of  invert  sugar  in  100  ml.  of  solution,  similar  to  the  range 
of  the  Lane  and  Eynon  method.  A  solution  containing  in  1 
liter  56.000  grams  each  of  potassium  ferricyanide  and  potassium 
hydroxide  answered  these  requirements.  Of  this  solution,  10  ml. 
were  transferred  to  a  250-ml.  Erlenmeyer  flask,  and  diluted  with 
20  ml.  of  water.  The  determinations  were  then  carried  out  ex¬ 
actly  as  in  the  Lane  and  Eynon  method,  5  drops  of  methylene 
blue  indicator  being  added  toward  the  end  of  the  titration.  In 
each  case  the  incremental  method  of  titration  was  used  in  the 
first  experiment,  and  in  the  subsequent  experiments  almost  all 
of  the  sugar  solution  was  added  at  one  time,  and  the  titration 
completed  by  dropwise  addition  of  the  sugar  solution.  The 
titers  were  determined  in  this  manner  for  solutions  containing 
invert  sugar  alone,  and  in  the  presence  of  1,  3,  5,  and  10  grams  of 
added  sucrose  in  100  ml.  of  solution. 

It  was  found  that  the  precision  of  the  ferricyanide  method  is  not 
as  high  as  in  the  Lane  and  Eynon  method.  When  the  titer  lay 
between  35  and  50  ml.,  duplicate  tests  often  varied  by  0.2  to  0.3 
ml.  It  is  therefore  advisable  with  this  reagent  to  keep  the  titer 
within  15  and  35  ml.,  as  was  done  by  Main  (5)  in  his  pot  method 
with  Soxhlet  solution.  The  titers  found  in  this  range  for  invert 
solutions,  containing  400  to  160  mg.  of  invert  sugar  in  100  ml.,  are 
shown  in  Table  III. 

The  values  of  constants  m  and  log  b  in  Equation  1,  calculated 
from  the  experimental  titers  in  Table  III,  are  given  in  Table  IV, 
together  with  the  ratios  of  m  to  log  b  and  the  average  and  maxi¬ 
mum  deviations  of  the  calculated  from  the  found  values.  The 
titers  calculated  from  the  equations  are  shown  in  Table  III,  next 
to  the  found  values. 

The  average  deviations  of  the  found  from  the  calculated  values 
are  shghtly  larger  than  the  corresponding  figures  for  the  Lane  and 
Eynon  method,  even  though  the  titer  range  is  only  from  15  to  35 
ml.  The  same  is  true  of  the  maximum  deviations  except  for  the 


mixture  of  invert  sugar  with  10  grams 
of  sucrose.  It  must  be  considered, 
however,  that  Lane  and  Eynon  did 
not  publish  their  original  experimental 
values,  and  that  those  given  in  their 
tables  are  probably  taken  from 
smoothed  curves.  Nevertheless,  the 
lesser  precision  of  the  ferricyanide 
method  is  indicated  by  the  fact 
that  neither  the  m  nor  the  log  b 
values  in  Table  IV  show  a  regular 
trend,  contrary  to  those  in  the  Lane 
and  Eynon  method.  The  ratio  of  m 
to  log  b,  however,  increases  regularly 
with  an  increase  in  added  sucrose, 
whereas  in  the  Lane  and  Eynon 
method  the  trend  is  downward.  On  the  whole,  the  Lane  and 
Eynon  method  appears  to  be  preferable. 

Ionescu  and  Vargolici  claim  that  a  solution  may  contain  as 
much  as  30%  sucrose  in  addition  to  0.5%  glucose  without  affect¬ 
ing  the  titer.  The  figures  in  Table  III  show  that  this  is  not  gen¬ 
erally  true,  but  that  sucrose  does  affect  the  reducing  power  of 
invert  sugar,  as  in  the  Lane  and  Eynon  method. 


Table  IV.  Constants  in  Equation  1  (or  Reducing  Effect  of  Invert 
Sugar  upon  Alkaline  Ferricyanide  Reagent  in  Absence  and 
Presence  of  Sucrose 


Deviation 


m 

log  b 

log  b 

Average 

Maximum 

Ml. 

Ml. 

Invert  sugar  alone 

1.0520 

3.8919 

0 . 2703 

0.043 

0.07 

Invert  sugar  plus  1  gram 

of  sucrose 

Invert  sugar  plus 

3 

1.0481 

3.8768 

0 . 2704 

0.049 

0.12 

grams  of  sucrose 
Invert  sugar  plus 

5 

1.0497 

3.8777 

0.2707 

0.043 

0.11 

grams  of  sucrose 
Invert  sugar  plus 

10 

1 . 0603 

3.9001 

0.2718 

0.049 

0.08 

grams  of  sucrose 

1 . 0639 

3.9001 

0.2728 

0.073 

0.16 

SUMMARY  AND  CONCLUSIONS 

When  the  titers,  y,  found  in  the  determination  of  reducing 
sugar  by  the  Lane  and  Eynon  method,  or  by  a  similar  direct 
volumetric  determination  with  alkaline  ferricyanide  solution, 
are  plotted  against  the  concentrations,  x,  of  the  reducing 
sugar,  the  equation  of  the  resulting  curve  is  y  —  bx~m,  or 
log  y  =  log  b  —  m  log  x,  a  straight-line  equation  in  which  b 
and  m  are  constants.  These  constants  have  been  calculated  for 
all  sugars  and  sugar  mixtures  used  by  Lane  and  Eynon,  with 
both  10  and  25  ml.  of  Fehling  solution,  as  well  as  for  invert  sugar 
and  mixtures  of  invert  sugar  with  sucrose,  determined  by  means  of 
an  alkaline  ferricyanide  solution.  The  agreement  between  the 
titers  calculated  from  the  equations  and  those  given  in  the  Lane 
and  Eynon  tables  is  very  close.  The  precision  of  the  alkalien 
ferricyanide  method  is  somewhat  lower;  best  results  are  obtained 
if  the  titer  range  is  kept  within  15  to  35  ml.  Sucrose  affects 
the  reducing  power  of  invert  sugar  not  only  in  the  Lane  and 
Eynon  method,  but  also  in  the  alkaline  ferricyanide  method. 

• 
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A  System  of  Laboratory  Evaluation 

H.  V.  CHURCHILL,  Aluminum  Research  Laboratories,  New  Kensington,  Pa. 


HE  increasing  use  of  statistical  methods  in  analytical  labo¬ 
ratories  is  a  recognition  of  the  value  of  having  a  control  on  the 
analytical  process,  which  in  turn  is  a  control  on  a  process  or  ma¬ 
terial.  In  the  presentation  of  methods  it  is  now  commonplace  to 
include  a  statement  of  standard  deviations  or  probable  error. 
Such  statistical  data  are  of  considerable  value,  particularly  in  the 
selection  of  methods  for  particular  purposes.  However,  the  prac¬ 
tical  value  of  an  analytical  method  in  industrial  laboratories  does 
not  depend  so  much  upon  the  inherent  accuracy  and  precision  of 
the  method  as  measured  in  a  methods  investigative  laboratory  as 
it  does  upon  the  actual  performance  of  the  method  in  the  control 
or  plant  laboratory  where  it  is  used  by  available  personnel,  under 
conditions  which  may  include  special  requirements  as  regards 
speed,  quantity,  and  other  factors. 

Many  data,  including  standard  deviations,  biases,  probable  er¬ 
rors,  or  limits  of  error  and  precision,  are  based  upon  analytical 


Table  I.  Allowable  Deviations  in  Check  Analyses  Metals 


Range  of 

Allowable 

Range  of 

Allowable 

Content 

Deviation 

Content 

Deviation 

% 

% 

% 

% 

0.00-0.03 

0.01 

7.01-  7.50 

0.31 

0.04-0.10 

0.02 

7.51-  8.00 

0.32 

0.11-0.20 

0.03 

8.01-  8.60 

0.33 

0.21-0.30 

0.04 

8.61-  9.20 

0.34 

0.31-0.40 

0.05 

9.21-  9.80 

0.35 

0.41-0.55 

0.06 

9.81-  10.40 

0.36 

0.56-0.70 

0.07 

10.41-  11.00 

0.37 

0.71-0.85 

0.08 

11.01-  11.60 

0.38 

0.86-1.00 

0.09 

11.61-  12.20 

0.39 

1.01-1.15 

0.10 

12.21-  12.80 

0.40 

1.16-1.30 

0.11 

12.81-  13.40 

0.41 

1.31-1.45 

0.12 

13.41-  14.00 

0.42 

1.46-1.60 

0.13 

14.01-  14.75 

0.43 

1.61-1.80 

0.14 

14.76-  15.50 

0.44 

1.81-2.00 

0.15 

15.51-  16.25 

0.45 

2.01-2.20 

0.16 

16.26-  17.00 

0.46 

2.21-2.40 

0.17 

17.01-  17.75 

0.47 

2.41-2.60 

0.18 

17.76-  18.50 

0.48 

2.61-2.80 

0.19 

18.51-  19.25 

0.49 

2.81-3.00 

0.20 

19.26-  20.00 

0.50 

3.01-3.30 

0.21 

3.31-3.60 

0.22 

3.61-4.00 

0.23  . 

And  thereafter  increasing  at 

4.01-4.40 

0.24 

the  rate  of  0.01%  for  each 

4.41-4.80 

0.25 

additional  1.0%  of  constit- 

4.81-5.20 

0.26 

uent,  reaching 

1.00%  at 

5.21-5.60 

0.27 

70%,  and  thereafter  re¬ 

5.61-6.00 

0.28 

maining  constant 

6.01-6.50 

0.29 

6.51-7.00 

0.30 

70.00-100.00 

1.00 

Table  II.  Laboratory  Check  Analyses 


(6-month  period) 


Laboratory 

Determinations 

Outside 

Limits 

Percentage 

Agreement 

A 

Class  R  Plants 

50  0 

100.0 

B 

50 

0 

100.0 

C 

47 

0 

100.0 

D 

46 

0 

100.0 

E 

28 

0 

100.0 

F 

51 

1 

98.0 

G 

33 

1 

97.0 

H 

Class  FC  Plants 

272  0 

100.0 

I 

211 

0 

100.0 

J 

198 

0 

100.0 

K 

212 

1 

99.5 

L 

183 

1 

99.5 

M 

251 

2 

99.2 

N 

115 

1 

99.1 

O 

180 

2 

98.9 

P 

168 

2 

98.8 

Q 

166 

2 

98.8 

R 

155 

2 

98.7 

S 

148 

2 

98.6 

T 

133 

2 

98.5 

TJ 

199 

4  v 

98.0 

V 

255 

10 

96.1 

w 

198 

11 

94.4 

X 

105 

8 

92.4 

3454 

52 

98.5 

data  produced  under  conditions  which  do  not  include  the  pressure, 
tensions,  and  limitations  to  be  noted  in  most  modern  industrial 
plant  laboratories.  It  seems  obvious  that  the  best  way  to  meas¬ 
ure  the  practical  effectiveness  of  a  method  is  to  evaluate  the  ana¬ 
lytical  data  when  the  operators  are  not  conscious  that  their  data 
on  a  particular  or  specific  sample  will  be  checked. 

Many  schemes  have  been  tried  out  to  make  such  evaluations. 
The  problem  is  specially  important  when  several  laboratories  are 
concerned  and  it  is  desirable  to  have  their  work  maintained  on 
similar  levels  of  efficiency.  The  circulation  of  standard  samples 
among  laboratories  is  of  limited  utility,  since  the  samples  are  in¬ 
variably  recognized  and  are  given  special  attention,  thus  giving 
little  information  as  to  the  normal  efficiency  of  the  laboratory. 

Many  other  metering  or  checking  schemes  have  been  used  and, 
within  limits,  all  yield  useful  data.  One  plan  that,  has  worked  out 
successfully  in  Aluminum  Company  of  America  metal  plants  over 
a  period  of  years  is  described  in  the  following  paragraphs. 

Arrangements  are  made  at  each  plant  maintaining  a  laboratory 
to  choose  an  individual  not  connected  with  the  laboratory  to 
select  check  samples.  This  individual  goes  to  the  laboratory  and 
selects  at  random  a  sample  which  has  been  analyzed  and  reported. 
The  sample  which  is  selected,  together  with  the  reported  analysis, 
is  sent  to  the  Analytical  Division  at  Aluminum  Research  Labora¬ 
tories. 

At  Aluminum  Research  Laboratories  the  sample  is  assigned 
for  analysis  to  a  chemist  who  is  not  informed  of  the  plant  labora¬ 
tory  results.  When  the  analysis  is  completed,  the  results  are 
compared  with  the  plant  results.  If  there  is  failure  to  agree 
within  satisfactory  limits,  the  chemist  is  told  to  repeat  his  analy¬ 
sis  in  multiple  to  determine  data  on  an  umpire  basis.  The  agree¬ 
ment  of  results  is  judged  by  the  permissible  deviations  given  in 
Table  I.  The  results  obtained  at  Aluminum  Research  Labora¬ 
tories  are  the  basis  from  which  permissible  deviations  are  meas¬ 
ured. 

In  considering  this  table  it  should  be  borne  in  mind  that  the 
permissible  tolerances  which  have  been  set  up  obviously  pertain 
to  only  one  industry  and  should  not  be  construed  as  necessarily 
or  desirably  applicable  in  the  case  of  materials  other  than  alu¬ 
minum  and  aluminum  alloys. 

Tbe  laboratories  are  scored  in  accordance  with  the  percentage 
of  agreements.  The  allowable  deviations  were  originally  set  up 
on  more  or  less  an  arbitrary  basis,  but  have  evolved  to  their  pres¬ 
ent  levels  by  adjustments  based  upon  the  actual  records  made  by 
laboratories.  In  general,  all  permitted  deviations  are  smaller 
today  than  when  the  table  was  set  up  more  than  20  years  ago. 
The  deviations  shown  are  those  permitted  between  a  laboratory 
working  under  the  pressure  of  plant  production  and  a  central 
laboratory  working  in  the  absence  of  production  pressure.  The 
table,  however,  is  used  in  other  ways.  If  in  a  given  laboratory 
the  work  of  one  analyst  under  plant  conditions  is  checked  by  an¬ 
other  analyst  in  the  same  laboratory,  the  allowable  deviations 
given  in  the  table  are  to  be  divided  by  1.5.  For  duplicate 
results  by  the  same  analyst,  the  allowable  deviations  in  the  table 
are  divided  by  2.5. 

In  Table  II  a  typical  tabulation  of  check  results  for  a  6-month 
period  is  shown.  Because  of  the  nature  of  the  determinations 
made,  the  laboratories  are  listed  in  two  groups. 

The  determinations  checked  cover  the  ordinary  impurities  and 
alloying  elements  met  in  current  metal  production.  Laboratories 
V  and  W  are  special  cases  with  somewhat  more  difficult  work  than 
that  carried  out  in  other  laboratories. 

The  checking  system  described  affords  a  ready  means  of  com¬ 
paring  the  effectiveness  of  laboratories  doing  the  same  type  of 
work.  Investigation  of  failures  to  check  often  reveals  weaknesses 
of  methods,  faulty  application  of  methods,  inadequate  personnel, 
or  other  curable  troubles.  The  main  value  of  the  system  is  that 
it  reveals  on  a  comparative  basis  the  quality  of  work  done  in  the 
laboratories. 


66 


Anomalous  Behavior  of  Methyl  12-Hydroxy-9,10-Octadecenoates 
in  Rapid  lod  ine  Number  Determinations 

PHILIP  S.  SKELL* 1  and  SOL  B.  RADLOVE2 
Northern  Regional  Research  Laboratory,  Peoria,  III. 


The  methyl  esters  of  ricinoleic,  ricinelaidic,  and  O-propionyl- 
ricinoleic  acids  quantitatively  add  iodine  chloride  from  Wijs  reagent 
in  less  than  1  minute.  However,  if  mercuric  acetate  is  present, 
methyl  ricinoleate  and  ricinelaidate  react  with  additional  halogen, 
thus  giving  high  iodine  values,  whereas  the  methyl  O-propionyl- 
ricinoleate  behaves  normally.  This  anomalous  effect  is  due  to  the 
presence  of  the  free  hydroxyl  group. 


THE  use  of  mercuric  acetate  catalyst  to  speed  the  rate  of 
addition  of  Wijs  reagent  to  nonconjugated,  unsaturated 
double  bonds  constituted  a  decided  improvement  in  the  iodine 
number  technique  by  allowing  the  attainment  of  quantitative 
addition  in  less  than  3  minutes  (2),  in  contrast  to  the  standard 
method  for  the  determination  of  iodine  value  ( 1 )  which  requires 
30  to  60  minutes.  Norris  and  Buswell  (4)  found  that  Hanus  re¬ 
agent  with  mercuric  acetate  was  even  more  satisfactory  than  the 
Wijs  reagent  for  the  determination  of  nonconjugated  unsaturation. 


Table  I.  Rate  of  Reaction  with  Wijs  and  Bromine  Reagents 

(Without  Mercuric  Acetate) 


Time,  Min. 

Halogen  Equivalent0 

Iodine  Value 

A.  0.02568  M  Methyl  Ricinoleate,  0.06861  M  Wijs 

1.0 

1.998 

81.16 

20.0 

2.016 

81.89 

30.0 

2.021 

82.07 

B.  0.02411  M  Methyl  Ricinelaidate, 

,  0.06861  M  Wijs 

1.0 

2.006 

81.50 

3.0 

2.005 

81.45 

11.0 

2.009 

81.60 

30.0 

2.006 

81.50 

30.0 

2.004 

81.40 

60.0 

2.009 

81.60 

C.  0.02568  M  Methyl  Ricinoleate,  0. 

07449  M  Bromine 

1.0 

2.030 

82.44 

1.0 

2.035 

82.67 

10.0 

2.021 

82.07 

20.0 

2.024 

82.21 

°  Halogen  equivalent  is  number  of  atoms  of  halogen  absorbed  per  mole 
of  compound. 


These  authors  noted,  however,  that,  although  castor  oil  yielded 
the  expected  iodine  number  of  84.0  with  the  usual  Hanus  reagent, 
the  addition  of  mercuric  acetate  resulted  in  an  iodine  number  of 
90.7.  They  attributed  this  anomaly  to  ricinoleic  glycerides, 
since  a  similar  result  was  obtained  with  petroleum  ether-extracted 

I  castor  oil  acids. 

In  connection  with  other  work,  the  authors  had  prepared  pure 
methyl  esters  of  ricinoleic  and  ricinelaidic  acids  (the  cis  and  trans 
isomers  of  12-hydroxy-9, 10-octadecenoic  acid),  and  had  inde¬ 
pendently  observed  an  analogous  effect  while  determining  their 
iodine  numbers  by  the  Wijs  mercuric  acetate  technique.  They 
further  observed  that  Wijs  reagent  alone  adds  quantitatively  to 
methyl  ricinoleate  and  methyl  ricinelaidate.  Despite  the  absence 
of  mercuric  acetate  catalyst,  the  reaction  occurred  with  surprising 
speed,  being  essentially  complete  in  less  than  1  minute.  To  deter¬ 
mine  whether  Wijs  reagent  was  unique  in  its  ability  to  add  rapidly 
to  these  unsaturated  compounds,  a  standard  solution  of  bromine 

1  Present  address,  William  Albert  Noyes  Chemical  Laboratory,  University 
of  Illinois,  Urbana,  Ill. 

2  Present  address,  Maytag  Co.,  Newton,  Iowa. 


in  glacial  acetic  acid  (5)  was  also  tested.  It  was  found  to  react 
with  equivalent  speed. 

In  Table  I,  data  are  given  which  indicate  the  rate  of  reaction  of 
methyl  ricinoleate  and  methyl  ricinelaidate  with  Wijs  and  bro¬ 
mine  reagents.  Aliquot  portions  from  a  standard  solution  of  each 
of  the  esters  in  glacial  acetic  acid  were  used  to  obtain  samples  of 
equal  weight.  The  molar  concentration  listed  in  the  tables  are 
the  values  calculated  for  the  solutions  obtained  by  mixing  the 
reagents. 

To  determine  the  effect  of  mercuric  acetate  on  the  course  of  the 
reaction,  the  halogenating  agent  was  mixed  with  the  esters  and  the 
mixture  then  treated  with  mercuric  acetate  solution.  The  time 
was  recorded  from  the  addition  of  the  latter.  Examination  of  the 
data  from  these  experiments  (see  Table  II)  demonstrates  that  the 
addition  of  mercuric  acetate  to  solutions  of  dihalogenated  ricinole- 
ates  or  ricinelaidates  in  Wijs  or  bromine  in  acetic  acid  solutions 
results  in  a  further  utilization  of  the  excess  free  halogen  present. 

Since  the  ricinoleates  and  ricinelaidates  differ  from  the  normal 
unsaturated  fatty  acids  only  by  the  possession  of  the  12- 
hydroxyl  group,  it  is  reasonable  to  conclude  that  the  further 
utilization  of  halogens  in  the  presence  of  mercuric  acetate  takes 
place  at  the  hydroxyl  group,  probably  involving  an  oxidation 
of  the  secondary  alcohol  group,  or  a  substitution  activated  by 
the  hydroxyl  group. 

In  another  series  of  experiments,  three  samples  of  methyl 
ricinoleate  were  allowed  to  react  with  Wijs  solution  for  30  minutes. 
One  of  the  samples  was  titrated,  and  the  iodine  value  was  deter¬ 
mined  to  be  82.1.  To  the  other  two  samples,  mercuric  acetate 
was  added,  and  at  the  end  of  3  more  minutes,  the  iodine  value 
had  risen  to  88.8,  and  finally  after  15  minutes,  to  100.4. 


Table  II.  Effect  of  0.0147  M  Mercuric  Acetate  on  Iodine  Values 


Time,  Min.  Halogen  Equivalent 

Iodine  Value 

A.  0 

.01968  M  Methyl  Ricinoleate,  0 

05257  M  Wijs 

1.0 

2.054 

83.44 

3.0 

2.188 

88.91 

3.0 

2.187 

88.82 

9.0 

2.368 

96.21 

15.0 

2.470 

100.31 

15.0 

2.473 

100.45 

B.  0. 

01847  M  Methyl  Ricinelaidate,  0 

.  05257  M  Wijs 

1.0 

2.051 

83.30 

3.0 

2.116 

85.97 

10.0 

21193 

89.08 

15.0 

2.206 

89.61 

C.  0.01968  M  Methyl  Ricinoleate,  0.05644  M  Bromine 

1.0 

2.032 

82.53 

3.0 

2.071 

84.12 

10.0 

2.123 

86.22 

20.0 

2.172 

88.23 

60.0 

2.318 

94.16 

D.  0.02991  M  Methyl  O-Propionylrieinoleate,  0.05246  M  Wijs 

1.0  1.989  68 .52 

3.0  1.983  68.29 

15.0  1.993  68.65 


To  prove  conclusively  that  the  excessive  utilization  of  the  halo¬ 
gen  reagents  was  due  to  the  free  hydroxyl  group,  methyl  O- 
propionylricinoleate  was  prepared  and  examined  as  above.  The 
behavior  of  this  ester  was  entirely  normal  as  shown  in  Table  II, 
thus  demonstrating  that  the  anomalous  behavior  of  the  ricinole¬ 
ate  and  ricinelaidate  is  due  to  its  free  hydroxyl  group. 

From  a  practical  point  of  view,  the  results  of  Wijs  mercuric 
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acetate  iodine  number  determinations  should  be  critically  ex¬ 
amined  if  the  presence  of  free  hydroxyl  groups  is  suspected. 

EXPERIMENTAL 

Preparation  of  Methtl  Ricinoleate  (3).  Castor  oil  was 
converted  to  castor  oil  methyl  esters  by  saponification,  isolation 
of  the  acids,  and  esterification  with  2  to  4%  sulfuric  acid  in 
absolute  methanol.  The  esters  (650  grams)  were  fractionally 
distilled  through  a  60-cm.  (24-inch)  Vigreux  column,  and  methyl 
ricinoleate  was  collected  at  157°  to  158°  C.  at  1-mm.  pressure. 
The  yield  was  474  grams  of  material  having  the  following  con¬ 
stants:  =  1.4596,  iodine  value,  82.0  (theory,  81.2). 

Preparation  of  Methyl  Ricinelaidate  (3).  From  2000 
grams  of  castor  oil,  530  grams  of  crude  ricinelaidic  acid  were  ob¬ 
tained  by  elaidinization  of  the  acids  with  oxides  of  nitrogen  (3). 
The  acids  were  converted  to  the  methyl  esters  by  refluxing  with  2 
to  4%  sulfuric  acid  in  absolute  methanol  and  separated  from  non¬ 
volatile  material  by  distillation  from  a  Claisen  flask  at  1-mm. 
pressure.  There  was  obtained  465  grams  of  impure  product. 
This  was  then  fractionally  distilled  as  above,  and  the  main  frac¬ 
tion  collected  b.p.  181°  at  2  mm.,  and  recrystallized  twice  from 
a  mixture  of  skellysolve  F  and  diethyl  ether.  The  yield  was  290 
grams  of  pure  methyl  ricinelaidate,  m.p.  30°  to  31°  C.,  n3%  = 
1.4582,  iodine  value,  81.5  (theory,  81.2). 

Preparation  of  Methyl  O-Propionylricinoleate  (6),. 
Castor  oil  methyl  esters,  prepared  as  above,  were  heated  rapidly 
and  briefly  to  180°  C.  with  two-thirds  their  weight  of  propionic 
anhydride.  The  mixture  was  fractionally  distilled  to  obtain  the 


pure  ester  which  had  the  following  constants:  b.p.  186°  at  1 
mm.,  rt'l?  =  1.4510,  saponification  equivalent,  185.6  (theory, 
184.3),  acid  value,  0.0,  and  iodine  value,  68.5  (theory,  68.9). 

Procedure.  Automatic  pipets  were  used  to  obtain  aliquots  of 
all  standard  solutions.  An  aliquot  portion  (10.96  ml.)  of  the  com¬ 
pound  and  24.98  ml.  of  the  halogen  reagent  were  mixed  and  al¬ 
lowed  to  react  for  the  stated  time  interval,  and  the  excess  re¬ 
agent  was  then  titrated  to  obtain  the  results  given  in  Table  I. 
To  determine  the  effect  of  mercuric  acetate  shown  in  Table  II, 
the  ester  and  halogen  reagent  were  mixed,  and  immediately 
treated  with  10.0  ml.  of  2.5%  mercuric  acetate  in  glacial  acetic 
acid,  and  allowed  to  react  for  the  intervals  recorded,  beginning 
with  the  addition  of  mercuric  acetate.  Blank  experiments,  with¬ 
out  the  presence  of  the  unsaturated  compound,  were  performed 
in  all  the  series  to  eliminate  corrections  necessitated  by  the  pres¬ 
ence  of  small  amounts  of  oxidizable  materials  in  the  mercuric 
acetate  solution. 
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Improved  Device  for  Decomposition  of  Grease 

PFC.  RICHARD  W.  TARARA1 
Rock  Island  Arsenal  Laboratories,  Rock  Island,  III. 


IN  THE  laboratories  of  the  Rock  Island  Arsenal,  where  the 
number  of  grease  samples  to  be  analyzed  and  the  time  avail¬ 
able  are  determining  factors,  the  standard  method  of  the  Ameri¬ 
can  Society  for  Testing  Materials  ( 1 )  for  decomposing  the  soap 
in  the  grease  was  too  time-consuming  when  a  30-gram  sample  was 
used,  the  time  varying  from  20  minutes  with  a  light  grease  to  2 
hours  with  some  of  the  heavier  greases.  This  method  of  soap 
decomposition  consists  essentially  of  shaking  8  to  30  grams  of  the 
sample,  depending  on  the  consistency  of  the  grease„in  a  separa¬ 
tory  funnel  at  room  temperature  with  petroleum  ether  and  10% 
hydrochloric  acid. 

Since  the  “boiling  method”  is  used  in  many  grease  testing 
laboratories,  its  suitability  for  the  Arsenal  needs  was  looked  into. 
Briefly,  this  method  consists  in  placing  about  30  grams  of  grease 
in  a  400-ml.  beaker,  adding  about  200  ml.  of  10%  hydrochloric 
acid  solution,  and  then  heating  the  mixture  to  the  boiling  point 

1  Present  address,  %  Dr.  P.  L.  Tarara,  Mayo  Clinic,  Rochester,  Minn. 


of  the  hydrochloric  acid  solution  to  accelerate  the  decomposition. 
It  was  found  that  the  time  required  to  break  down  the  grease 
could  be  reduced  to  from  5  to  10  minutes  for  the  average  grade  to 
20  minutes  for  the  heavier  grades.  This  method  does  not  re¬ 
quire  the  undivided  attention  of  the  analyst;  however,  unless 
the  mixture  is  constantly  stirred,  steam  has  a  tendency  to  build 
up  pressure  beneath  the  floating  grease  layer.  In  the  case  of  the 
heavier  grades  of  greases  especially,  this  steam  pressure  may 
cause  violent  bumping  with  subsequent  loss  of  material  due  to 
splattering. 

To  overcome  this,  several  procedures  were  tried  but  only  two 
proved  effective.  The  first,  which  was  very  effective  but  cum¬ 
bersome,  consists  in  placing  a  slow-speed  motor  on  a  rack  over 
the  hot  plate  and  stirring  the  mixture  as  it  boils.  The  second 
procedure  is  the  percolator  method. 

When  the  grease  percolator,  as  shown  in  Figure  1,  is  placed  in 
the  beaker  with  the  grease  sample  and  the  hydrochloric  acid 
solution,  the  steam  is  provided  with  an  outlet,  thereby  prevent¬ 
ing  excessive  bumping  due  to  the  pressure  buildup.  The  perco¬ 
lator  serves  a  twofold  purpose.  Primarily,  it  serves  to  prevent 
violent  bumping  with  its  subsequent  loss  of  sample  and,  secondly, 
it  is  used  to  agitate  the  grease,  thus  accelerating  the  decomposi¬ 
tion  by  exposing  more  surface  to  the  acid  solution.  This  secon¬ 
dary  effect  is  accomplished  by  means  of  the  twist  in  the  steam 
tube  (see  diagram).  When  the  mixture  reaches  the  boiling  point 
of  the  hydrochloric  acid  solution,  steam  and  hydrochloric  acid 
solution  “boil  up”  through  the  percolator  out  of  the  tube  and  are 
forced  back  into  the  surface  of  the  grease  layer  by  their  own  pres¬ 
sure.  By  placing  the  exit  tube  at  an  angle,  the  steam  and  hy¬ 
drochloric  acid  solution  which  spurt  out  with  some  force  tend  to 
agitate  the  grease  layer,  causing  it  to  revolve  on  the  surface  of 
the  hydrochloric  acid  solution. 

The  percolator  can  be  readily  made  in  the  laboratory  from  an 
ordinary  2.5-inch  diameter  60-degree  angle  soft-glass  funnel. 
Two  or  more  venting  grooves  are  bent  in  the  lip  of  the  funnel. 
The  stem  is  then  bent  in  the  manner  shown  by  the  diagram. 
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Distillation  Trap  for  Determining  Moisture  in  Relatively  Dry  Materials 
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A  COMMON  method  for  rapid  determination  of  moisture  is 
distillation  of  the  material  with  a  solvent  immiscible  with 
.vater  and  collection  of  the  water  in  a  suitable  trap  where  its 
/olume  may  be  measured.  Several  types  of  distillation  traps 
ire  described  in  the  literature  ( 1 ,  8-10,  12),  the  earliest  being  that 
3f  Bidwell  and  Sterling.  These  traps  have  been  designed  to  use 
solvents  with  densities  both  heavier  and  lighter  than  water. 
Liquids  heavier  than  water  have  several  advantages,  other  than 
heir  usual  nonflammability.  Since  most  samples  float  on  the 
reavy  solvent,  scorching  on  the  bottom  of  the  flask  and  excessive 
jumping  are  eliminated.  The  vapor  and  condensate  are  at  all 
:,imes  in  the  path  of  continuous  flow,  with  no  stagnant  pockets 
n  the  condensed  solvent  or  water  where  individual  droplets  form 
ind  remain  isolated. 


Figure  1.  Diagram  of  Trap 

Dimensions  in  mm. 


The  usual  trap  is  graduated  in  0.1  ml.,  and  the  volume  of  water 
•ollected  may  be  estimated  to  0.01  or  0.02  ml.  For  products  of 
ow  moisture  content,  a  large  sample  must  be  taken  to  obtain 
he  usual  5  or  10  ml.  of  water.  Many  products  are  too  bulky 
or  an  adequate  sample  weight,  and  in  many  instances  only  small 
juantities  are  available  for  analysis.  For  these  reasons  a  trap 
lesigned  particularly  for  small  amounts  ot  moisture  has  been  de- 
ired.  Attempts  to  modify  existing  heavy  solvent  traps  by  de¬ 
creasing  the  diameter  of  the  usual  graduated  tube  to  secure 
mailer  unit  volumes  were  not  satisfactory  because  the  solvent 
lid  not  fall  dropwise  through  the  water  layer,  and  the  water  was 
wept  out  of  the  trap.  As  a  result,  a  new  type  of  tilt  trap  (Figure 
)  using  a  heavy  solvent  was  designed  to  allow  precise  measure- 
nent  of  small  volumes  of  water. 

DESCRIPTION  OF  TRAP 

Tube  A  (17  mm.  in  diameter)  is  connected  to  the  boiling  flask 
vith  a  cork  or  ground-glass  joint.  \  apors  from  the  boiling  flask 
>ass  through  A  into  the  25-mm.  diameter  section  of  the  trap  con- 
aining  an  immersion  condenser,  C,  the  shoulder  of  which  rests 


loosely  on  the  top  of  the  trap,  and  positions  the  tip  of  the  con¬ 
denser  near  the  graduated  arm,  B.  It  is  important  that  the  con¬ 
denser  be  immersed  in  the  condensed  water  and  solvent.  B  was 
made  of  a  1-ml.  Pyrex  pipet  with  0.01-ml.  divisions.  The  portion 
of  the  return  line  inside  tube  A  was  made  of  6-mm.  tubing.  The 
height  of  the  open  end  of  this  tube  was  adjusted  to  cause  the  con¬ 
densed  water  layer  to  remain  in  the  25-mm.  diameter  tube  above 
the  constricted  section.  When  the  trap  is  tilted  to  bring  B  into  a 
vertical  position,  the  water  layer  falls  into  this  graduated  tube, 
where  the  water  volume  can  be  read  directly  to  0.01  ml.  and  es¬ 
timated  to  0.001  ml.  As  the  zero  graduation  mark  will  not  nec¬ 
essarily  coincide  with  a  meniscus,  the  volume  is  determined  by 
taking  the  difference  between  the  meniscus  readings.  The  trap 

was  designed  for  use  with  perchloroethylene  l  d  =  1.63  j ;  other 

solvents  may  be  used  if  their  density  is  near  that  of  perchloro¬ 
ethylene. 

OPERATION  OF  TRAP 

• 

The  sample  is  weighed  into  a  250-ml.  boiling  flask  containing 
150  ml.  of  perchloroethylene,  the  trap  is  connected,  and  cold 
water  is  circulated  through  the  condenser.  It  is  important  to 
fill  the  return  line  of  the  trap  with  solvent  before  distillation 
starts,  in  order  to  prevent  water  from  entering  the  small  diameter 
tubing.  The  content  of  the  flask  is  quickly  brought  to  boiling, 
and  maintained  at  a  vigorous  boil.  It  is  necessary  to  have  a  large 
flow  of  condensed  solvent  through  the  return  line.  If  the  flow  is 
small,  the  solvent  in  the  portion  of  the  return  line  inside  tube  A 
may  boil  and  the  water  layer  may  fall  into  the  return  line  and 
completely  upset  the  correct  operation  of  the  trap. 

Small  droplets  that  sometimes  remain  on  the  condenser  and 
glass  surface  of  the  trap  at  the  completion  of  the  distillation  wall 
unite  with  the  condensed  liquids  if  the  condenser  is  lifted  and 
touched  with  a  small  rod  (1  mm.  in  diameter)  -wetted  with 
Tergitol  4  or  7.  An  excess  of  wetting  agent  will  make  it  difficult 
to  read  the  meniscus  between  the  solvent  and  water,  because  of 
formation  of  a  cloudy  layer.  When  the  condenser  is  replaced  and 
the  contents  of  the  trap  are  gently  swished,  the  glass  surfaces  will 
drain.  Since  the  condenser  maintains  the  water  layer  and  con¬ 
densed  solvent  near  room  temperature,  the  water  volume  may 
be  read  as  soon  as  boiling  has  ceased,  thereby  shortening  by 
several  minutes  the  total  time  of  the  determination. 

The  trap  was  tested  for  water  recovery  by  placing  0.50  ml.  of 
water  in  the  boiling  flask  with  150  ml.  of  perchloroethylene  and 
boiling  for  30  minutes.  The  water  recovery  was  0.48  ml.  Cause 
for  the  discrepancy  of  0.02  ml.  was  not  determined,  but  is 
probably  water  held  on  the  surfaces  of  the  trap  and  condenser. 
When  determining  the  moisture  content  of  a  foodstuff,  the  in¬ 
complete  recovery  of  water  may  be  neglected,  because  decompo¬ 
sition  of  the  sample  at  the  high  temperature  of  the  boiling  sol¬ 
vent  requires  an  arbitrary  adjustment  of  the  total  distillation 
time  to  produce  agreement  between  the  distillation  method  and 
a  reference  method.  For  whole  egg  powder,  with  perchloroethyl¬ 
ene  as  the  solvent,  a  distillation  time  of  25  minutes  was  found 
to  give  results  comparable  to  those  obtained  by  the  A.O.A.C. 
{2)  and  the  faster  high-vacuum  methods  (11). 
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Manometric  System  for  Volumetric  Gas  Analyzers 

AMOS  R.  ANDERSON 
Houdailie-Hershey  Corporation,  Decatur,  III. 


THE  use  of  nonscientific  personnel  in  operation  of  the  so- 
called  precision  model  volumetric  gas  analyzer  has  presented 
many  difficulties  in  this  laboratory,  which  has  to  analyze  several 
hundred  gas  samples  a  week.  The  two  most  troublesome ‘are 
blowing  out  or  sucking  in  of  manometer  fluid  by  the  operator,  and 
the  development  of  a  leak  in  the  middle  of  an  analysis. 


Unit 

The  first  difficulty  is  frequent  with  beginners  but  occasionally 
happens  during  fast  operation  to  the  most  experienced  gas  ana¬ 
lyst.  With  standard  apparatus  this  is  usually  due  to  difficulty  in 
obtaining  accurate  equalization  of  the  mercury  levels  in  the  level¬ 
ing  bulb  and  the  gas  buret,  particularly  in  the  lower  portions  of 
the  system,  or  failure  to  close  the  manometer  stopcock  before 
starting  the  flow  of  gas.  The  second  difficulty  is  usually  due  to 
excess  positive  or  negative  pressure  in  the  system. 

These  difficulties  and  the  time  lost  in  dismantling,  cleaning, 
and  reassembling  apparatus,  refilling  the  manometer,  and  re¬ 
peating  analyses,  prompted  the  design  of  the  system  described 
below. 

Nearly  all  commercial  models  of  volumetric  gas  analyzers  con¬ 
tain  one  ordinary  U-type  manometer  with  one  arm  attached  to 
the  compensating  tube  and  the  other  to  the  manifold  or  to  the 
buret  itself.  The  system  described  here  consists  of  two  man¬ 
ometers,  one  for  rough  preliminary  equalizing  of  the  gas  pressure 
and  the  second  for  sensitive  and  accurate  final  pressure  balance. 
For  the  latter,  the  manometer  contained  in  the  original  apparatus 
serves  very  well  when  filled  with  a  slightly  acidified  aqueous 
solution. 


For  the  first  manometer,  a  design  was  worked  out  which 
roughly  equalizes  the  gas  pressure  before  opening  the  sensitive 
manometer  to  the  system,  gives  a  continuous  visual  indication  of 
the  pressure  within  the  system,  and  compensates  partially  any 
abnormal  pressure  or  vacuum  developed  in  the  system  during  the 
analysis.  This  manometer  is  built  into  the  water  jacket  and 
makes  use  of  the  gas  buret  for  one  arm  of  the  U.  The  other  arm 
is  a  small-diameter  glass  tube  which  connects  to  the  gas  buret  at 
the  base  by  means  of  a  small  glass  Y. 

The  system  is  shown  in  Figure  1  as  it  was  built  into  the  regular 
buret  manometer-compensator  assembly. 

The  left  arm,  A,  of  the  built-in  manometer  is  constructed  of  6- 
and  8-mm.  tubing,  the  base  being  8-mm.  tubing  to  correspond 
with  the  gas  buret  outlet.  The  main  body  of  the  arm  is  of  6-mm. 
tubing  and  has  a  small  ground-glass,  ball  check  valve,  B,  sealed 
to  the  top.  The  over-all  length  of  this  tube  for  a  77.5-cm.  (31- 
inch)  water  jacket,  C,  is  100  cm.  (40  inches)  and  it  contains  ap¬ 
proximately  12  ml.  of  mercury  when  completely  ffiled.  The 
connecting  Y-tube  at  the  base  is  of  8-mm.  tubing  and  has  2.5- 
cm.  (l-inch)  arms  to  facilitate  good  seals  with  the  rubber  connect¬ 
ing  tubing. 

The  other  parts  of  the  assembly  are  self-explanatory.  The 
compensator  tube,  F,  was  placed  in  the  abnormal  position  shown, 
for  clarity  on  the  two-dimensional  drawing,  and  normally  occurs 
directly  behind  the  gas  buret,  E. 

This  manometer  system  (1)  eliminates  the  guesswork  involved 
in  equalizing  the  mercury  levels  before  opening  the  sensitive 
manometer  to  the  system,  thus  preventing  one  of  the  causes  of 
blowout  or  suckin  of  manometer  fluid;  (2)  it  helps  to  compensate 
for  any  abnormal  pressure  or  vacuum  which  may  be  exerted  on 
the  system,  thereby  decreasing  leaks;  and  (3)  it  gives  the  analyst 
a  continuous  visual  indication  of  the  pressure  within  the  system 
throughout  the  entire  analysis.  All  these  factors  contribute  to¬ 
ward  faster  and  more  consistently  reliable  analyses.  The  system 
makes  cleaning  and  reassembling  of  the  buret  unit  somewhat  more 
difficult;  however,  used  on  several  analyzers  in  this  laboratory 
for  more  than  a  year,  it  has  helped  to  prevent  errors. 


Lubricant  Reservoir  for  Stirrer  Shaft 

JOHN  H.  ROBSON 

Department  of  Chemistry,  University  of  California, 

Los  Angeles,  Calif. 

IN  ORDER  to  avoid  liquid-sealed  stirrers,  the  author  has  been 
using  stirrers  of  the  type  described  by  Fieser  ( 1 ).  The  stirrer 
bearing  is  equipped  with  a  2-cm.  section  of  rubber  tubing  which 
projects  above  the  end  of  the  bearing  and  makes  a  tight  fit  on  the 
stirrer  shaft.  This  rubber  bearing  requires  frequent  lubrication 
to  prevent  heating  and  consequent  impairment  of  the  seal. 

A  very  satisfactory  lubricant  reservoir  can  be  made  by  cutting 
off  the  closed  end  of  a  medicine  dropper  bulb  and  fitting  the  de¬ 
capitated  bulb  over  the  rubber  bearing.  This  device  has  been 
found  serviceable  over  long  periods  of  time,  requiring  only  a  few 
drops  of  glycerol  or  heavy  mineral  oil  once  a  day. 

LITERATURE  CITED 

(1)  Fieser,  L.  F.,  “Experiments  in  Organic  Chemistry”,  p.  310,  Bos¬ 
ton,  D.  C.  Heath  &  Co.,  1941. 
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Experimental  Dryer 


for  Pre-Pilot  Plant  Studies 


DAVID  A.  COLKER1,  Eastern  Regional  Research  Laboratory,  Philadelphia  18,  Pa. 


IN  DESIGNING  pilot-plant  equipment  with  which  to  study 
the  factors  involved  in  large-scale  processing  of  various  products 
developed  in  the  laboratory,  experimental  drying  apparatus  is 
frequently  needed  capable  of  determining  the  drying  character¬ 
istics  of  different  materials  under  widely  varying  conditions  and 
of  yielding  data  translatable  to  larger  scale  operations.  Such  a 
machine  should  require  a  small  quantity  of  material. 

In  recent  years,  drying  techniques  have  been  aimed  at  achiev¬ 
ing  the  most  rapid  rate  of  drying  possible  without  introducing 
deleterious  effects  on  the  product  and  consistent  with  the  most 
economical  methods  for  handling  the  material.  This  has  been 
accomplished  in  many  cases  by  employing  a  through-air  circula¬ 
tion  method  of  drying,  by  which  heated  air  is  forced  at  high  ve¬ 
locity  through  a  porous  bed  of  the  material  supported  on  a  per¬ 
forated-metal  or  screen  surface.  An  experimental  unit  which 
meets  these  requirements  is  here  described. 


EQUIPMENT 

Figure  1  shows  a  general  layout  of  the  unit.  It  consists  essen¬ 
tially  of  a  centrifugal  blower,  A,  7.5  inches  in  diameter  with  a  V- 
belt  drive  from  a  0.5-horsepower  motor;  a  drying  cabinet,  B;  a 
torsion  balance,  C,  reading  to  0.2  gram;  an  automatic  wet  and 
dry-bulb  recorder-controller,  D,  having  throttling  control  and 
automatic  reset  and  equipped  with  a  chart  reading  to  300°  F.; 
an  air-conditioning  cabinet  having  a  2-row  finned-tube  steam  coil 
with  39  square  feet  of  heating  surface ;  plus  ductwork,  control 
valves,  and  accessories.  The  entire  unit  is  constructed  of  sheet 
metal  covered  with  2  inches  of  85%  magnesia  insulation. 

For  supporting  the  material  several  stainless  steel  pans  are 
provided,  each  1  square  foot  in  area.  The  bottoms  are  con¬ 
structed  of  perforated  metal  or  wire  screen  having  apertures  of 
various  sizes  for  different  kinds  of  material.  Pan  inserts  are  also 
provided  to  reduce  the  area  of  the  bottom  or  increase  the  height 
of  the  walls.  Nichrome  wires  suspended  from  an  aluminum  rod 
I  and  clamped  to  the  drying  pan  at  its  four  corners  pass  through 
the  roof  of  the  drying  cabinet  (Figure  2).  The  holes  in  the  roof 
i  are  sealed  with  rubber  stoppers. 

The  inside  cross-sectional  area  of  the  drying  cabinet  is  4  square 
I  feet  and  the  distance  from  the  pan  shelf  to  the  roof  is  2  feet. 

I  Thus  when  the  air  enters  the  drying  cabinet,  its  velocity'  is  re¬ 
duced  to  a  very  low  value.  When  the  pan  is  elevated  by  the  wires 
approximately  10  inches  above  the  shelf  and  suspended  from  the 
j  balance  on  the  roof,  accurate  weighings  can  be  made  very  rapidly 
without  shutting  off  the  air  supply  and  upsetting  the  control  con¬ 
ditions.  A  further  advantage  of  this  plenum  chamber  above  the 
drying  pan  is  that  it  produces  uniformity  of  air  flow  through  the  1 
square  foot  of  drying  surface  of  the  pan  without  baffles  or  vanes. 

Starting  at  the  blower,  the  air  flows  through  the  upper  duct  to 
the  drying  cabinet.  At  location  1,  Figure  1,  is  a  manually'  oper- 

■  -  , 

1  Present  address.  National  Drying  Machinery  Co.,  Philadelphia,  Pa. 
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ated  volume-control  damper,  by  means  of  w'hich  the  total  flow  of 
air  is  regulated.  The  air  next  passes  through  an  orifice  nozzle,  2. 
Centrally  located  in  the  nozzle  is  a  Pitot  tube,  w'hich  is  connected 
to  the  upper  inclined  manometer  on  the  cabinet  and  gives  a  read¬ 
ing  of  velocity  head  in  inches  of  w'ater;  from  this  and  from  the 
temperature  the  volume-flow'  of  the  air  is  calculated.  The  air  now 
enters  the  drying  cabinet  and  passes  dowm  through  the  material 
in  the  pan.  The  pan  rests  on  a  shelf  which  forms  an  orifice  in  the 
drying  cabinet.  Static  pressure  openings  above  and  below  the 
shelf  and  connected  to  the  low'er  inclined  manometer  indicate  the 
loss  in  pressure  as  the  air  passes  through  the  material  and  the  pan. 
This  information  is  vital  to  the  design  of  a  blower  for  larger 
equipment.  .  » 

Mounted  just  above  and  behind  the  drying  pan  are  the  dry  and 
w'et  bulbs  of  the  air-operated  temperature  recorder-controller 
(Figure  2),  by  which  the  temperature  and  humidity  of  the  air 
blowing  on  the  w'et  material  are  controlled.  A  slight  error  in  the 
wet-bulb  temperature  of  the  drying  air  is  introduced  here,  since 
the  evaporation  from  the  wick  is  included  in  the  air  passing 
through  the  pan.  Also  entering  the  drying  cabinet  just  above  the 
pan  is  an  iron-constantan  thermocouple,  connected  to  a  poten¬ 
tiometer.  The  thermocouple  lead  wires  are  coiled,  so  that  when 
the  point  is  injected  into  the  w'et  material,  the  pan  can  be  raised 
and  low'ered  for  weighing  and  the  additional  tare  due  to  the  ther¬ 
mocouple  will  be  practically  constant. 

As  the  air  leaves  the  bottom  of  the  pan,  it  passes  over  the  sen¬ 
sitive  portion  of  an  industrial  thermometer  and  then  enters  the 
return  duct.  Here  the  amount  of  spent  air  vented  at  4  is  auto¬ 
matically  controlled  by  damper,  3,  operated  by  a  diaphragm 
motor  w'hich  functions  from  the  wet  bulb  of  the  controller.  An 
equal  amount  of  fresh  air  enters  at  5.  The  recirculated  air  plus 
the  fresh  air  then  enters  the  conditioning  cabinet. 

In  the  conditioning  cabinet  the  air  first  passes  through  the 
steam  heater.  The  supply  of  steam  is  automatically  controlled 
by  a  diaphragm  valve  w'hich  functions  from  the  dry  bulb  of  the 
instrument.  If  necessary',  the  heated  air  is  then  humidified  by 
spraying  steam  or  a  fine  mist  of  water  through  nozzles  facing 
against  the  path  of  air  flow.  The  quantity  sprayed  is  automati¬ 
cally  controlled  by  a  diaphragm  valve  which  functions  from  the 
wet  bulb  of  the  instrument.  Either  water  or  steam  can  be  sup¬ 
plied  to  the  humidifying  control  valve,  the  choice  being  deter¬ 
mined  by  the  wet-bulb  temperature  required. 
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Figure  2 
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The  conditioned  air  finally  passes  through  a  copper  diffusing 
screen,  6,  which  eliminates  any  droplets  of  water.  If  the  humidi¬ 
fying  nozzles  were  located  in  the  duct  leading  to  the  heater,  the 
diffusing  screen  would  be  unnecessary.  The  air  now  returns  to 
the  blower  for  another  cycle. 


EXAMPLE  OF  USE 

The  utility  of  such  an  experimental  dryer  was  demonstrated 
during  the  development  of  a  pilot-plant  process  for  extracting 
rubber  from  the  Russian  dandelion. 

The  purified  rubber  as  extracted  from  the  root  was  in  the  form 
of  small  discrete  particles  which  floated  in  water.  This  material 
was  first  dewatered  on  a  centrifuge,  then  spread  into  a  drying  pan 
having  a  perforated  metal  bottom.  Studies  were  made  to  deter- 
mine  the  optimum  air  temperature,  velocity,  depth  of  loading, ' 
etc.  Samples  from  each  test  were  checked  by  compounding  the  i 
rubber  and  subjecting  it  to  physical  tests.  The  type  of  drying 
data  obtained  from  a  single  test  is  illustrated  in  Figure  3.  Air  at 
200°  F.  and  9%  relative  humidity  was  circulated  at  a  rate  of 
175  c.f.m.  per  square  foot  of  pan  area;  the  tray  was  loaded  with 
0.75  pound  (dry  weight)  of  rubber  per  square  foot. 

It  was  demonstrated  that  such  a  heat-sensitive  material  could 
be  dried  very  rapidly  at  an  elevated  temperature  with  better 
results  and  more  economically  than  by  a  conventional  method 
for  drying  rubber,  such  as  vacuum  drying.  The  data  obtained 
made  possible  the  operation  of  a  pilot-plant  dryer  under  condi¬ 
tions  which  yielded  the  best  quality  of  dried  rubber. 


Pycnometer  Holder 

ROBERT  E.  LEDLEY,  Jr.,  Sun  Oil  Company,  Norwood,  Pa. 


SINCE  the  publication  by  Lipkin,  Davison,  Harvey,  and 
Kurtz  ( 1 )  of  a  new  design  of  pycnometer  especially  suited  to 
the  precise  determination  of  the  densities  of  volatile  liquids,  rou¬ 
tine  use  of  this  instrument  has  indicated  the  need  for  a  multiple 
holder  assembly  with  which  to  support  two  or  more  pycnometers 
at  one  time  in  a  glass  jar  thermostat.  A  simple  and  satisfactory 
type  of  holder  which  has  been  in  use  in  this  laboratory  for  several 
years  is  illustrated  and  described  herewith. 

Figure  1  shows  the  structural  details  of  the  holder  proper. 

Section  AA 


It  may  be  made  of  brass  or  any  other  available  metal  which  can 
be  hard-  or  soft-soldered  and  will  not  corrode  in  the  thermostat 
liquid. 

Figure  2  illustrates  a  convenient  mounting  for  suspending  the 
holders  in  the  thermostat.  It  consists  of  a  brass  bar  0.125  inch 
thick,  1  inch  wide,  and  12  inches  long  with  seven  9/32  inch  holes 
drilled  1.5  inches  apart  to  accommodate  the  threaded  ends  of  the 
holders.  Two  nuts  support  each  holder  and  permit  regulation 
of  the  depth  of  immersion  of  the  pycnometers.  A  total  of  six 
holders  with  pycnometers  may  be  conveniently  suspended  in  a 
12-inch  diameter  jar  with  this  mounting.  The  ends  of  the  mount¬ 
ing  as  illustrated  are  drilled  to  fit  over  posts  clamped  to  the  sides 
of  the  thermostat.  However,  the  posts  need  not  be  used,  the 
bar  simply  being  allowed  to  rest  on  the  edges  of  the  jar.  Indi¬ 
vidual  mountings  for  each  holder  which  can  be  hooked  or  clamped 
to  the  edge  of  the  jar  may  be  used  if  desired. 

Wing  nuts  provide  a  convenient  means  for  rotating  the  holders 
to  the  best  position  for  reading  the  levels  of  the  menisci.  Pyc¬ 
nometers  may  be  placed  in  or  removed  from  the  thermostat  with¬ 
out  removing  the  assembly  from  the  bath  or  disturbing  other 
pycnometers  mounted  in  it. 

LITERATURE  CITED 

(1)  Lipkin,  M.  R.,  Davison,  J.  A.,  Harvey,  W.  T.,  and  Kurtz,  S.  S., 
Jr.,  Ind.  Eng.  Chem.,  Anal.  Ed.,  16,  55  (1944). 


Figure  2.  Multiple  Holder  Assembly 


A  Combination  Glass  Soxhlet  Extractor  and  Vapor  Degreaser 

for  General  Laboratory  Use 

H.  A.  SAUER,  Bell  Telephone  Laboratories,  Inc.,  Murray  Hill,  N.  J. 


N  CONNECTION  with  investigations  of  certain  types  of  in¬ 
sulating  materials,  such  as  capacitor  dielectrics  (impregnated 
raper,  mica,  ceramics,  and  plastics),  extraction  procedures  and 
uitable  techniques  for  proper  cleansing  of  instruments  and  test 
pecimens  are  of  basic  importance.  The  usual  type  of  glass  Soxh- 
et  extractor  and  various  modifications  (the  literature  is  volumi- 
ious  in  this  connection),  including  metal  and  earthenware  types 
lesigned  particularly  for  use  in  biochemical  and  nutrition  labora- 
ories  ( 1 ,  2,  3),  have  this  in  common,  that  the  condenser  is  made 
he  top  (cover)  section  of  the  extraction  compartment  or  is 
.dapted  to  it.  This  necessitates  removal  of  the  condenser  when 
ntroducing  and  withdrawing  the  parts  to  be  treated.  Frequently , 
>perations  of  the  sort  referred  to  above  must  be  performed  with 
lispatch,  requiring  minimum  manipulation.  Furthermore,  it  is 
>ften  desirable  to  treat  instruments  and  complete  or  partial  test 
assemblies  whose  geometric  shapes,  particularly  as  regards  their 
ength,  are  such  that  commercially  available  equipment  will  not 
iccommodate  them. 

To  overcome  these  limitations  a  combination  extractor  and 
iegreaser  has  been  designed  and  constructed  in  which  the  water 
:ondensers  are  integral  with  the  liquid  (extraction)  and  vapor 
degreasing)  compartments,  so  that  there  is  direct  access  to  these 
:ompartments  without  manipulation  of  the  apparatus. 

As  shown  in  Figure  1,  the  apparatus  consists  of  two  parts: 
l  solvent  container  (flask)  and  an  extractor  and  degreaser  unit, 


Figure  t.  Soxhlet  Extractor  and  Vapor  Degreaser 


both  of  Pyrex.  The  flask  is  fitted  with  a  female  section  of  a  ^  T 

ground-glass  joint.  The  male  section  of  this  joint  is  attached  to 
the  lower  end  of  the  extractor  and  degreaser  unit.  Vapor  ducts 
leading  from  the  flask  to  the  extraction  and  degreaser  unit,  as 
well  as  the  degreaser  compartment  itself,  are  wrapped  with  as¬ 
bestos  tape  to  reduce  condensation  on  the  walls  of  these  compo¬ 
nents.  Approximate  over-all  dimensions  of  the  apparatus  are 
62.5  cm.  (25  inches)  high  X  20  cm.  (8  inches)  wide  X  16.25  cm. 
(6.5  inches)  deep.  The  flask  is  charged  with  a  volume  (1200  cc.) 
of  solvent  approximately  three  times  the  minimum  required  to 
operate  the  extractor.  The  heating  is  controlled  to  provide  dis¬ 
tillation  at  a  mild  rate.  Under  these  conditions  the  data  in 
Table  I  have  been  obtained  on  the  rate  of  solvent  loss  by  evapora¬ 
tion. 


Table  I.  Performance  of  Apparatus 


Solvent 


Benzene 

Acetone 

Ether 

Trichloroethylene  (Permachlor) 


Rate  of 
Evaporation 
Loss 
Cc./hour 
5 

10 

24 

2 


Extraction 

Cycle 

Min. 

45 

40 

25 

60 


Some  reduction  in  the  consumption  rate  may  be  effected  by 
providing  caps  for  the  tops  of  the  compartments.  However, 
experience  has  shown  that  without  caps  the  loss  in  most  cases  is 
sufficiently  low,  so  that  the  equipment  is  well  adapted  to  pro¬ 
tracted  extraction  treatments.  Virtually  all  the  vapor  condenses 
on  the  lower  third  of  the  condenser  surface.  Additional  solvent 
may  be  introduced  through  the  degreaser  compartment  to  replace 
solvent  lost  during  operation.  Because  of  the  open-top  feature, 
the  equipment  should  be  located  under  a  hood  or  where  the  es¬ 
caping  vapor  can  be  readily  removed  from  the  working  area. 

Without  interrupting  the  boiling  and  condensation  of  the  sol¬ 
vent,  samples  to  be  treated  are  inserted  and  withdrawn  through 
the  wide  cylindrical  mouth  at  the  top  of  each  compartment. 
The  vapor  phase  chamber  is  distinct  from  the  liquid  extraction 
compartment,  thus  permitting  vapor  cleansing  of  laboratory 
appliances  without  contaminating  test  specimens  in  the  extrac¬ 
tion  section.  Thorough  cleansing  is  often  expedited  by  subjecting 
the  work  to  a  short  treatment  in  the  liquid  phase  followed  by  a 
dip  in  the  vapor  to  remove  last  traces  of  contamination. 

Because  of  its  flexibility,  this  apparatus  has  served  well  as  a 
general  laboratory  utility.  The  equipment  may  be  constructed 
of  metal  or  part  metal,  part  glass.  (In  a  modification  of  the  all¬ 
glass  unit  the  condensers  have  been  constructed  of  metal  in  such 
a  manner  that  the  cooling  liquid  is  in  direct  contact  with  the  glass 
surface  of  the  compartments.  These  condenser  shells  are  firmly 
secured  in  proper  position  on  the  extraction  and  degreasing 
columns.)  A  proportionate  increase  or  decrease  in  the  dimen¬ 
sions  of  the  component  parts  (with  the  exception  of  the  capillary) 
should  provide  a  unit  which  will  satisfy  specific  requirements. 
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Reaction  Vessel  for  Maintaining  Constant  pH  by  Continuous 
Electrometric  Titration  during  Sodium  Amalgam  Reductions 

NATHAN  SPERBER1  AND  D.  R.  BRIGGS,  Division  of  Agricultural  Biochemistry,  University  of  Minnesota,  St.  Paul,  Minn. 


A  NUMBER  of  chemical  reactions  occur  at  definite  optimum 
pH  but  liberate  substances  which  alter  the  pH.  In  order 
to  maintain  the  desired  pH  it  is  therefore  necessary  to  add  con¬ 
trolled  amounts  of  acid  or  base  to  the  system  during  the  course  of 
the  reaction.  Such  control  has  been  accomplished  by  use  of  in¬ 
dicators,  buffers,  or  electrometric  instruments.  The  first  method 
is  not  practical  where  the  reaction  medium  is  turbid  or  colored,  or 
the  pH  of  the  solution  is  changing  rapidly;  the  second  is  limited 
by  questions  of  buffer  capacity  and  the  isolation  of  the  product. 


Electrometric  control  can  be  maintained  in  large-scale  reactions 
by  the  use  of  automatic  potentiometric  equipment.  On  a 
smaller  scale  it  is  possible  to  use  an  external  centrifugal  pump  and 
electrode  chamber  with  manual  control  of  the  addition  of  acid  or 
base  required  to  hold  the  pH  constant,  but  this  system  requires 
fairly  large  volumes  of  liquid  and  may  result  in  corrosion  in  the 
pump  chamber.  A  number  of  micro  and  semimicro  control 
techniques  have  been  devised,  but  these  methods  are  not  readily 
adapted  to  the  usual  laboratory  preparation  ( 1 ). 

A  simple,  all-glass  vessel  is  needed  to  accomplish  this  purpose 
without  the  use  of  external  circulating  pumps  and  expensive  au¬ 
tomatic  control  instruments — i.e.,  one  suited  for  laboratory  use. 
The  authors  have  devised  such  a  vessel  for  use  in  studies  of  the 
sodium  amalgam  reduction  of  aldonolactones  to  aldoses  where 
the  reduction  was  studied  at  several  pH  ranges.  With  slight 
modification  this  vessel  may  be  employed  for  many  other 
types  of  reactions  where  pH  control  is  necessary. 

APPARATUS 

The  reaction  vessel  (Figure  1)  consists  of  a  1-liter,  three-necked 
Pyrex  flask,  A,  with  a  small  electrode  chamber,  B,  sealed  on  just 
above  the  middle  of  the  flask.  Larger  or  smaller  flasks  may  be 
used  just  as  readily.  A  stainless-steel  stirrer,  S,  having  a  hinged 
blade,  which  is  a  circular  segment  of  the  cross  section  of  the  flask 
and  fitting  to  within  1  to  i!  mm.  of  the  bottom,  furnishes  the 
pumping  action  (2).  The  stirring  motor  should  be  both  fast  and 
powerful.  A  motor  controlled  by  a  centrifugal  governor  is  pref¬ 
erable  to  one  with  a  rheostat  control. 

The  flask  and  the  electrode  chamber  are  separated  by  a  per¬ 

1  Present  address,  Sehering  Corporation,  Bloomfield,  N.  J. 


forated  glass  disk,  C,  3  cm.  in  diameter,  containing  a  large  num¬ 
ber  of  1-  to  2-mm.  holes.  The  perforations  serve  to  diminish  the 
impact  of  the  solution  against  the  electrodes,  especially  when  mer¬ 
cury  is  used  in  the  reaction  mixture.  The  neck  of  the  electrode 
chamber  is  large  enough  to  accommodate  a  No.  6  rubber  stopper. 
The  main  portion  of  the  electrode  chamber  is  a  flat  cylinder  2.5 
cm.  deep  on  its  horizontal  axis,  one  base  of  which  is  the  perfo¬ 
rated  disk.  A  conical  taper,  2  cm.  deep,  connects  the  bottom 
side  of  this  cylinder  to  the  lower  side  of  the  flask  at  a  point  verti¬ 
cally  about  1  cm.  from  the  bottom  of  the  flask  bv  means  of  an  8- 
mm.  glass  tube,  D,  which  has  a  slight  U-bend.  This  tube  serves 
as  the  main  path  for  the  return  of  the  mercury  from  the  electrode 
chamber  to  the  flask.  Another  glass  tube,  E,  connects  the  center 
of  the  electrode  chamber  to  the  lower  third  of  the  flask.  This  tube 
is  joined  to  the  flask  by  an  inner  seal  just  above  the  point  where 
the  stirrer  blade  moves  along  the  wall  of  the  flask  and  opens 
within  the  flask  as  a  spout  which  points  in  the  direction  of  move¬ 
ment  of  the  blade  along  the  wall.  The  tube  acts  as  a  siphon  and 
keeps  constant  the  level  of  the  aqueous  solution  in  the  chamber; 
it  also  provides  for  a  rapid  change  of  the  liquid  in  the  electrode 
chamber. 

The  pH  changes  occurring  in  the  electrode  chamber  can  be 
most  accurately  followed  when  a  direct-reading  pH  meter  is  em¬ 
ployed,  but  the  ballistic  type  of  instrument  may  be  used  almost 
as  readily.  The  electrodes  may  be  constructed  to  fit  the  dimen¬ 
sions  of  the  cell,  or  any  of  the  long  electrodes  furnished  com¬ 
mercially  can  be  adapted  to  fit  the  cell.  An  agar-potassium  chlo¬ 
ride  bridge  was  found  to  be  superior  to  the  capillary  glass  type, 
but  a  commercial  calomel  cell  with  a  flexible  rubber  tip  containing 
a  pinhole  was  satisfactory. 

The  electrodes  are  inserted  in  a  two-holed  rubber  stopper  and 
are  adjusted  to  fit  into  the  lower  portion  of  the  electrode  cham¬ 
ber  without  touching  the  sides.  A  50-ml.  calibrated  buret  is 
placed  in  one  side  neck  and  the  other  neck  is  available  for  meas¬ 
uring  the  temperature  and  adding  reagents. 

OPERATION 

A  10-  to  15-ml.  pool  of  clean  mercury  is  placed  in  the  flask  and 
the  stainless-steel  stirrer  is  fitted  as  close  to  the  bottom  as  pos¬ 
sible.  The  bearing  for  the  stirrer  may  be  simply  a  glass  tube 
with  a  rubber-mineral  oil  seal.  The  speed  of  the  stirrer  is  consid¬ 
ered  properly  adjusted  when  all  the  mercury  is  thrown  against  the 
side  of  the  flask  and  no  large  globules  remain  at  the  bottom  when 
the  stirrer  is  operated.  The  reagents  are  added  together  with  200 
ml.  of  water  and  the  speed  of  the  stirrer  is  regulated  to  force  the 
solution  and  the  stream  of  mercury  into  the  electrode  chamber  at 
a  level  sufficient  to  keep  the  electrodes  covered.  The  electrode 
assembly  is  then  inserted  into  the  neck  of  the  electrode  chamber. 

The  stirrer  and  the  whirling  mercury  produce  an  oscillating,, 
pumping  action  whereby  the  liquid  and  the  mercury  are  forced 
into  the  chamber  and  back  through  the  return  tubes.  Mercury 
collects  in  the  U-portion  of  tube  D  during  one  phase  of  the  action,. 


Figure  2.  Decomposition  of  Sodium  Amalgam  in  0.104  N 
Sulfuric  Acid 
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md  when  the  oscillating  solution  moves  away  from  the  opening, 
a,  stream  of  mercury  and  liquid  pours  back  into  the  flask.  The 
whirling  solution  creates  a  suction  on  the  siphon  tube,  E,  and 
keeps  the  liquid  in  the  electrode  chamber  at  a  constant  level.  The 
stream  of  mercury  mixes  the  contents  of  the  chamber,  so  that  the 
pH  readings  are  representative  of  the  whole  sample. 

The  pH  control  is  effected  as  follows:  One  hand  is  used  to  op¬ 
erate  the  buret  which  contains  the  standard  acid  or  base  while  the 
Dther  hand  taps  the  electrometer  key.  Thus,  if  base  is  liberated 
during  the  experiment  and  the  desired  range  is  3.5  to  4.5,  the  dial 
if  the  pH  meter  is  set  at  pH  4  and  standard  acid  is  added  at  a 
■ate  which  causes  minimum  deflection  of  the  needle.  With  a 
ittle  experience  the  operator  can  maintain  the  pH  of  the  reaction 
mixture  within  0.5  to  1.0  pH  units  in  a  continuously  changing 
jystem. 

Example.  The  precision  of  the  method  can  be  demonstrated 
jy  a  study  made  on  the  rate  of  decomposition  of  25-gram  samples 
)f  2.5%  sodium  amalgams  of  different  particle  size  and  at  various 
emperatures  in  contact  with  an  aqueous  phase  maintained  in  the 
)H  range  of  3.5  to  4.5.  The  deviation  of  the  points  from  the 
smooth  curve  in  Figure  2  may  be  taken  as  a  measure  of  the 


degree  of  control  attained.  The  entire  reaction  vessel  may  be 
submerged  in  a  constant-temperature  bath  when  it  is  desirable 
to  control  the  temperature  at  which  the  reaction  is  allowed  to 
proceed. 
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Estimation  of  Iodine  Color  of  Starches  and  Starch  Fractions 

STANLEY  A.  WATSON  and  ROY  L.  WHISTLER 
Starch  and  Dextrose  Division,  Northern  Regional  Research  Laboratory,  Peoria,  III. 


STARCHES  and  starch  fractions  are  usually  characterized  in 
part  through  the  color  produced  by  addition  of  iodine  to 
(heir  solutions.  Exact  comparison  of  these  solutions  can  be 
made  only  by  means  of  the  spectrophotometer  (I,  8,  4,  5,  9),  but 
n  many  instances,  and  for  routine  testing,  visual  estimation  of 
olor  is  useful.  Heretofore,  however,  no  standard  method  for 
omparing  starch-iodine  colors  has  been  employed,  and,  in  most 
ases,  authors  have  failed  to  record  the  procedure  used  in  making 
he  color  test.  Since  the  color  with  iodine  of  some  starches  and 
tarch  fractions  changes  with  the  concentration  of  the  starch  solu- 
ions  and  with  the  amount  of  iodine  added,  many  starch-iodine 
olors  recorded  in  the  literature  without  accompanying  descrip- 
ion  of  the  test  method  are  not  suitable  for  comparative  work. 

In  order  to  facilitate  and  standardize  the  designation  of  color 
f  starch-iodine  solutions,  the  following  method  has  been  devised 
or  visual  comparison  of  these  solutions.  The  method  gives 
eproducible  results  and  is  sensitive  to  small  differences  in  color, 
ill  colors  are  referred  to  standard  color  charts  (7,  8)  and  hence 
re  capable  of  direct  comparison  in  different  laboratories 
Color  names  have  been  chosen  with  a  view  to  keeping  the  no¬ 


menclature  as  simple  as  possible.  In  general,  comparisons  have 
been  made  with  standard  colors  or  with  common  color  names. 
It  is  recognized  that  the  designation  of  color  by  name  is  inexact 
to  the  extent  that  most  names  may  properly  describe  a  number  of 
colors  within  a  given  small  range.  Hence,  for  more  exact  designa¬ 
tion  of  color,  the  more  precise  notation  devised  by  Munsell  (7) 
has  also  been  used.  The  results  obtained  in  applying  the  test 
method  to  several  starches  and  starch  fractions  are  shown  in 
Table  I. 

The  method  is  particularly  useful  in  determining  the  purity  of 
amylopectin  fractions.  The  presence  in  amylopectin  of  amylose 
in  quantities  so  low  as  to  be  scarcely  evident  on  potentiometric 
iodine  titration  ( 2 )  is  readily  shown  by  the  blue  color  produced 
on  addition  of  0.1  ml.  of  iodine  to  the  starch  dispersion,  while 
more  iodine  up  to  0.5  ml.  brings  out  the  typical  amylopectin 
color.  The  persistence  of  the  blue  color  and  its  influence  on  the 
final  color  may  serve  as  a  rough  indication  of  the  amount  of 
amylose  present.  With  appreciable  amounts  of  amylose  in  the 
amylopectin,  the  blue  color  of  the  amylose-iodine  complex  masks 
the  color  of  the  amylopectin  with  iodine  and  prevents  its  visual 

detection.  This  method,  there¬ 
fore,  does  not  serve  to  detect 
amylopectin  in  mixtures  where 
amylose  constitutes  more  than 
6  to  8%  of  the  total  carbohy¬ 
drate  present.  I  n  the  latter  solu¬ 
tions  the  amylose-iodine  complex 
usually  precipitates. 

Under  the  controlled  condi¬ 
tions  of  test  employed  here,  the 
color  produced  by  iodine  on 
waxy  cornstarch  is  true  purple 
and  not  red  as  has  often  been 
reported.  The  red  (sometimes 
called  reddish-brown)  color 
frequently  associated  with 
waxy  cornstarch  is  observed 
only  in  the  presence  of  an  ex¬ 
cess  of  iodine  and  is  in  part  due 
to  the  color  of  the  free  iodine 
in  the  solution.  A  number  of 
intermediate  stages  of  color 
can  be  observed  ( 6 )  in  waxy 


Table  I.  Colors  Produced  by  Iodine  on  0.03%  Dispersions  of  Starches,  Starch  Fractions,  and 

Starch  Derivatives 

Colors  Observed  with  Various  Amounts  of  0.01  N  Iodine  on  10-MI.  Starch 

Dispersions 

Color  Notation  from  Munsell 

Color  Comparison  Made  with  Ridgeway  Color  Charts  (7) 


Color  Charts  ( 8 ) 

0.10  ml. 

0.50  ml. 

Starch  Sample 

0.10  ml.  (2  drops) 

0.50  ml.  (10  drops) 

(2  drops) 

(10  drops) 

.mylose 

Spectrum  blue 

Deep  blue  precipitate 

5PB 

4/12 

5PB 

3/12 

7hole  cornstarch  (disintegrated) 

Spectrum  blue 

Deep  blue  precipitate 

5PB 

4/12 

5PB 

3/12 

orn  amylopectin  (not  purified)® 

Light  spectrum  blue 
(49b)  t 

Spectrum  violet 

5PB 

5/10 

3P 

4/10 

orn  amylopectin  (cotton  treated, 
l)c 

Light  blue-violet 

An^ethyst-violet  to 
violet-purple 

9PB 

5/8 

4P 

3/10 

otato  amylopectin® 

Light  purple  (65b) 

Magenta 

10P 

5/10 

5RP 

4/12 

7axy  cornstarch  (hand-polli¬ 
nated) 

Light  amethyst-violet 
(61b) 

True  purple  to  magenta 

5P 

5/8 

4RP 

4/10 

7axy  rice 

Light  pink  (67f) 

Reddish  magenta  (69') 

5RP 

7/8 

7RP 

4/12 

7 axy  barley  starch 

Light  spectrum  violet 
(59b) 

Spectrum  blue 

Violet-purple 

10P 

5/10 

10P 

4/10 

-Amylase  limit  dextrin  (corn¬ 
starch) 

Rieat  dextrin  (roasted  6  hours 
at  180°  C.) 

Spectrum  violet 

5PB 

4/12 

3P 

3/10 

Light  amethyst-violet 
(61b) 

True  purple 

5P 

5/8 

4RP 

4/10 

7heat  dextrin  (roasted  6  hours 
at  190°  C.) 

Pale  pink  (3'f) 

Light  jasper  red  to 
light  coral  red 

8RP 

7/8 

4R 

6/10 

°  Iodine  absorption  (2)  16  mg.  per  gram;  approximate  amylose  content  8.0%. 
t  Numbers  refer  to  plates  whose  color  nomenclature  has  been  simplified. 
c  Approximate  amylose  content  0%. 
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starch  dispersions  as  the  amount  of  iodine  is  increased  to¬ 
ward  an  excess.  Under  identical  conditions  of  test  the  waxy 
starches  seem  to  differ  in  the  color  produced  by  iodine  as  one 
proceeds  from  type  to  type.  Listed  in  order  of  decreasing  red  and 
increasing  violet  contents  the  starch-iodine  dispersions  may  be 
arranged  as  follows:  waxy  rice,  waxy  corn,  and  waxy  barley. 
To  this  series  may  be  added  in  order  potato  amylopectin  and  corn 
amylopectin.  This  order  coincides  with  the  arrangement  of 
Baldwin,  Bear,  and  Rundle  ( 1 )  who  have  suggested  that  it  is 
also  the  order  of  increasing  length  of  chain  ends  for  the  respective 
starch  molecules. 

METHOD 

Thirty  milligrams  of  starch  are  dispersed  in  10  ml.  of  1  N 
potassium  hydroxide  by  allowing  the  mixture  to  stand  with  oc¬ 
casional  shaking  at  0  °  C.  for  1  to  2  hours.  F or  starch  in  the  whole- 
granule  state,  20  ml.  of  0.5  A"  potassium  hydroxide  are  used  for 
the  dispersion.  The  dispersion  is  neutralized  with  1  N  hydro¬ 
chloric  acid  to  a  phenolphthalein  end  point  and  1  drop  of  acid 
added  in  excess.  The  solution  (pH  4  to  6)  is  then  made  up  to 
100-ml.  volume,  giving  a  starcb  concentration  of  0.03%.  By 
proceeding  in  this  fashion,  a  constant  amount  of  salt  is  introduced 
into  each  sample.  Large  amounts  of  salt,  which  produce  changes 
in  the  iodine  color,  are  to  be  avoided.  To  10  ml.  of  the  solution 
in  a  16-  by  150-mm.  test  tube  is  added  0.5  ml.  (10  drops)  of  0.01  N 
iodine  solution  (KI  =  0.014  M)  dropwise,  with  shaking.  After 
0.1  ml.  (2  drops)  has  been  added,  the  color  of  the  solution  is  ob¬ 
served.  At  this  point,  the  presence  of  small  amounts  of  amylose 
in  amylopectin  will  be  evidenced  by  a  blue  color.  The  remainder 
of  the  0.5  ml.  of  iodine  is  then  slowly  added  and  the  color  again 
observed.  Further  addition  of  iodine  is  unnecessary  and  in  some 
cases  may  vitiate  the  color  test  by  superimposing  the  color  of 


free  iodine  on  the  starch-iodine  color.  All  observations  of  coloi 
are  made  by  transmitted  daylight  or  a  daylight  fluorescent  lanq 
and  colors  compared  to  the  standard  color  chart. 

SUMMARY 

Starch-iodine  color  tests,  to  evidence  small  differences  betweer 
starches  or  starch  fractions  and  to  be  comparable  among  differen 
laboratories,  must  be  performed  under  uniform  conditions  in  th< 
absence  of  a  large  excess  of  iodine.  A  procedure  is  outlined  fo: 
the  rapid  determination  of  starch-iodine  colors.  It  is  especiallj 
satisfactory  for  rapid  estimation  of  the  purity  of  amvlopectii 
when  contaminated  with  less  than  6  to  8%  amylose. 
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A  Versatile  Arc-Spark  Stand 

JOS.  W.  MACEDO  v 

U.  S.  Naval  Ordnance  Plant,  The  Amertorp  Corp.,  Forest  Park,  III. 


AN  arc-spark  stand  combining  the  adjustments  of  the  pin- 
type  stand  and  the  versatility  of  the  Petrey  stand  ( 1 )  has 
been  developed  which  is  capable  of  supporting  heavy  weights 
and  does  not  place  any  strain  on  the  optical  bar  or  the  spectro¬ 
graph.  The  size,  shape,  and  vertical  adjustments  of  the  stand 
simplify  nondestructive  speetrographic  analyses  on  relatively 
massive  parts.  In  many  laboratories  this  stand  will  broaden 
the  scope  of  adaptability  of  the  spectrograph,  as  either  the  pin 
technique  (using  fixtures)  or  the  flat  technique  {2,  8)  may  be  used. 

DESCRIPTION 

A  steel  plate,  30  cm.  (12  inches)  square  and  0.5  cm.  (3/I6  inch) 
thick,  is  used  as  the  sample-supporting  table.  In  the  center  of 
the  edge  of  the  sample  plate  towards  the  spectrograph  slit  a  notch 
is  cut,  2.5  cm.  (1  inch)  wide  and  2.5  cm.  (1  inch)  deep,  similar  to 
the  cut-out  portion  of  the  Petrey  stand.  The  sample  lying  on 
the  sample  plate  can  easily  be  excited  from  the  bottom,  using  the 
sample  as  one  electrode  and  a  graphite  rod  as  the  other  ( 2 ,  8). 
The  notch  must  be  large  enough  so  that  the  excitation  will  be 
between  the  sample  and  the  graphite  rod  and  not  between  the 
sample  plate  and  graphite  rod.  Notches  of  various  size  may  be 
placed  on  the  edges  of  the  sample  plate  and  the  correct  size  found 
by  trial.  In  this  case,  extra  plate-holding  screw  holes  are  made 
in  the  top  of  the  plate,  in  order  that  the  plate  may  be  turned  to 
bring  the  proper  notch  toward  the  spectrograph  slit. 


SAMPLE  PLATE 


SECTIONS  STEEL  ARMS 

OEM/CARTA 

Figure  1 . 


The  sample  plate  is  insulated  from  the  remainder  of  the  stand 
by  two  1.8-cm.  (0.5-inch)  thick  sections  of  micarta  (Figure  1). 
All  screws  which  fasten  the  micarta  to  the  sample  plate,  etc.,  are 
offset  from  each  other  at  least  2.5  cm.  (1  inch).  By  this  means 
at  least  2.5  cm.  (1  inch)  of  air  or  micarta  insulate  the  sample  plate 
from  the  remainder  of  the  stand.  The  micarta  is  fastened  to  two 


Method  of  Insulating  Sample  Plate 


Figure  2.  Arc-Spark  Stand 
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solid  pieces  of  steel  which  lead  to  one  side  ot  the  optical  bar, 
where  they  are  attached  to  two  bars  of  steel  with  teeth  on  the 
outer  side  which  act  as  a  rack  for  a  rack  and  pinion  motion. 

A  commercial-type  speed  reducer  (15  to  1)  with  a  reducer  arm 
extending  from  each  side  was  purchased  and  placed  on  a  heavy 
steel  platform  about  10  cm.  (4  inches)  above  the  base  of  the  stand 
(Figure  2).  A  pinion  was  attached  to  each  reducer  arm  in  such 
a  manner  as  to  contact  the  rack  part  of  the  uprights.  On  the 
motor  extension  part  of  the  speed  reducer  a  mi  carta  knob  was 
attached,  to  control  the  vertical  motion  of  the  sample  plate. 

The  base,  28.5  cm.  (11.25  inches)  square  and  2.5  cm.  (1  inch) 
thick,  rests  on  the  table  which  supports  the  spectrograph  (Bausch  & 
Lomb  large  Littrow).  Thus,  the  entire  weight  of  the  stand  and 
sample  is  supported  with  no  strain  on  the  optical  bar  or  the  spec¬ 
trograph. 

All  parts  of  the  stand  are  of  heavy,  sturdy  steel,  to  ensure  rigid¬ 
ity.  Although  the  stand  is  heavy  (35  to  40  kg.),  it  is  not  cumber¬ 
some  or  bulky.  It  has  supported  oyer  50  kg.  (100  pounds)  with¬ 
out  bending  or  twisting.  With  weights  of  this  size,  however,  a 
thumb-type  setscrew  is  placed  on  the  side  to  contact  one  of  the 
movable  uprights.  With  smaller  samples  (5  to  10  kg.)  this  set¬ 
screw  is  not  necessary,  as  the  sample  plate  will  remain  in  the  po¬ 
sition  in  which  it  is  placed  by  the  rack  and  pinion  movement. 

This  stand  is  so  constructed  that  the  center  of  the  notch  in  the 
center  of  the  edge  of  the  sample  plate  towards  the  spectrograph 
slit  is  exactly  on  the  optical  axis  when  the  stand  is  placed  firmly 
against  the  optical  bar  (Figure  2).  In  some  instances,  where  the 
optical  bar  is  of  different  design  (Hilger,  etc.),  two  slots  in  the 
base  of  the  stand  are  advisable.  Bolts  can  then  be  placed  through 
these  slots  and  through  the  supporting  table.  The  stand  can  then 
be  adjusted  until  it  is  properly  aligned  and  the  bolts  tightened  to 
give  the  same  effect  as  at  the  author’s  laboratory,  where  the 
weight  and  position  of  the  stand  against  the  optical  bar  are  used 
to  hold  the  stand  in  proper  alignment.  Once  the  stand  is  in  po¬ 
rtion,  it  is  no  longer  necessary  to  move  or  adjust  it,  except  with 
die  rack  and  pinion  motion. 


The  base  of  the  stand  is  grounded  to  eliminate  slight  shocks 
due  to  induction  from  the  sample  plate,  although  the  stand  is 
usually  adjusted  by  a  gage  before  the  sample  is  excited  and  it  is 
not  necessary  to  touch  the  stand  during  excitation. 

Small  fixtures  to  hold  pins,  etc.,  can  easily  be  made  to  clip  or 
screw  onto  the  sample  plate.  Thus,  the  stand  is  used  for  many 
and  varied  types  of  samples,  as  either  an  upper  or  lower  electrode 
holder  as  desired. 

One  lead  from  the  source  is  attached  to  the  sample  plate  by  a 
countersunk  screw,  and  the  other  lead  to  the  portion  of  the  regu¬ 
lar  B.  &  L.  arc-spark  stand  which  is  used.  The  source  leads  are 
connected  through  a  switch  to  convert  from  arc  to  spark  as  neces¬ 
sary.  The  stand  is  used  at  all  times  (with  Qr  without  fixtures  as 
necessary)  as  one  pole  of  the  source  used. 

The  stand  described  has  been  in  use  over  a  year  and  can  be 
recommended  for  various  sizes,  shapes,  and  weights  of  samples, 
either  arc  or  spark.  The  direct  current  arc  has  been  used  for 
over  an  hour  (arcing  solutions  with  a  fixture  attached  to  the 
stand)  with  less  than  1-minute  interruptions  every  5  minutes, 
without  undue  heating  of  the  sample  plate  or  stand. 
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Apparatus 


for  Vacuum  Distillation  of  Volatile  High-Melting  Solids 

HENRY  A.  GOLDSMITH,  Standard  Varnish  Works,  Staten  Island,  N.  Y. 


THE  vacuum  distillation  of  volatile  high-melting  solids 
necessitates  laboratory  apparatus  of  special  design.  In 
ordinary  apparatus,  the  distilling  solid  soon  clogs  the  narrow  pass¬ 
age  between  the  distilling  vessel  and  the  receiving  vessel,  par¬ 
ticularly  in  the  inaccessible  places  underneath  stoppers  and  in  the 
nterior  of  the  receiving  vessel. 

Two  methods  are  used  to  overcome  this  difficulty.  The  first 
consists  in  heating  the  narrow  parts  to  a  temperature  above  the 
jolidifying  point  of  the  distilling  solid.  Haehn  (3)  accomplished 
this  by  a  hot  oil  jacket,  Steinkopf  (<?)  by  an  electrically  heated 
wire-coil.  Hauschild  (4)  used  a  specially  designed  still  head  which 
lould  be  flamed  directly.  The  second  method  consists  in  using 
specially  designed  flasks  in  which  inaccessible  narrow  passages 
between  the  still  and  the  receiver  are  eliminated.  The  most  im¬ 
portant  apparatus  of  this  type  is  the  sword  flask  designed  by 
\nschuetz  (6),  or  its  variations  by  Baer  ( 1 ),  Muencke  ( 6 ),  and 
others  (5,  7).  Another  has  been  described  by  Bolstad  and  Dun- 
jar  ( 2 ). 

However,  none  of  this  equipment  is  readily  available  or  avail¬ 
able  in  sizes  large  enough  to  be  practical  for  the  handling  of 
airly  large  quantities  of  chemicals.  A  simple  method  was  de¬ 
mised  for  this  purpose,  utilizing  standard  laboratory  glassware 
Tyrex). 

The  apparatus  consists  of  a  large  three-necked  flask  (5  liters), 
,ind  a  retort  (0.5  or  1  liter),  the  neck  of  which  has  been  cut  off 
:onveniently.  The  shortened  neck  of  the  retort  is  inserted  into 
he  center  neck  of  the  flask  (see  figure).  The  other  two  necks  of 
he  flask  hold  a  thermometer  and  a  capillary  tube.  The  vacuum 
connection  is  made  through  an  upward-curved  glass  tube  in- 
iserted  into  the  tubulature  of  the  retort.  Heating  is  best  carried 
>ut  by  inserting  the  flask  deep  into  a  suitable  bath.  Before 
charging,  the  flask  should  be  tested  for  its  ability  to  withstand  a 
vacuum,  taking  adequate  precautions.  (Specially  hand-picked 
iasks  are  available  from  Corning  Glass  Works.  Caution  must 
>e  used  in  all  cases.) 


The  vacuum  attachment  clogged  only  when  too  much  air  was 
allowed  to  enter  the  apparatus  through  the  capillary  tube,  and 
drops  or  particles  of  the  distilland  were  carried  up  beyond  the 
receiver.  It  was  also  found  helpful  to  suspend,  near  the  end  of  a 
distillation,  a  large  test  tube  inside  the  center  neck  of  the  flask. 
This  was  done  by  means  of  a  hook  of  noncorroding  wire  which 
was  inserted  through  the  neck  of  the  retort  and  anchored  to  the 
sharp  edge  inside.  By  suspending  the  test  tube  within  the  center 
neck  of  the  flask,  the  path  of  the  distilling  vapors  is  greatly 
shortened.  Otherwise  it  would  be  necessary  to  overheat  the  con¬ 
tents  of  the  flask  to  force  the  distillate  up  to  the  receiver. 


An  apparatus  like  the  one  described  is  available  in  large  sizes, 
is  comparatively  inexpensive,  and  has  operated  satisfactorily 
in  distilling  fairly  large  amounts  of  material  with  only  few  in¬ 
terruptions. 
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Apparatus  for  Trapping  Ammonia  in  the  Kjeldahl  Method  for  Nitrogen 

THOMAS  J.  POTTS 
Ralston  Purina  Company,  St,  Louis  9,  Mo. 


THE  apparatus  described  below  has  been  used  satisfactorily  in 
this  laboratory  for  20  years,  to  seal  the  receiver  used  in  catch¬ 
ing  the  ammonia  distillate  in  the  determination  of  nitrogen. 


Used  in  analytical  laboratories  where  nitrogen  or  protein  is 
determined  as  a  regular  routine,  the  trap  automatically  catches 
the  ammonia  in  the  distillation  step,  eliminating  the  necessity  of 


dipping  the  delivery  tube  into  the  standard  acid.  It  offers  severa 
advantages:  It  does  not  require  a  delivery  tube  that  must  be  re 
moved  from  the  solution  before  turning  off  the  heat;  a  smalle: 
quantity  of  solution  may  be  used  in  the  receiving  flask;  the  ac 
tion  of  the  trap  is  automatic;  its  dependability  has  been  provec 
by  the  laboratory’s  record  in  various  collaborative  check  samples 
and  it  can  be  easily  made  by  anyone  experienced  in  working  glass 
The  block-tin  delivery  tube  from  the  condenser  and  the  tubi 
from  the  trap  extend  through  a  No.  10  rubber  stopper  into  a  500 
ml.  wide-necked  Erlenmeyer  flask  used  as  the  receiver.  In  oper 
ation  about  2.5  cm.  (1  inch)  of  water  are  put  into  the  trap;  mon 
water  is  undesirable  because  of  the  danger  of  siphoning  it  out  o 
the  trap  before  completion  of  the  distillation. 

The  apparatus  will  trap  any  ammonia  vapors  that  are  drivei 
through  the  condenser  by  retaining  them  in  solution.  When  th> 
distillation  is  complete  and  the  heat  is  turned  off,  the  lower  pres 
sure  inside  the  system  will  cause  the  solution  in  the  trap  to  siphoi 
into  the  receiving  flask.  The  concentration  of  ammonia  in  th 
trap  is  very  low.  Experience  has  shown  that  it  is  not  necessar 
to  rinse  the  trap  with  water  at  the  end  of  the  distillation. 

Using  the  trap  and  c.p.  ammonium  sulfate  as  a  standard,  re 
coveries  have  been  found  quantitative  with  amounts  of  nitrogei 
as  high  as  140  mg.  per  determination.  The  acid  used  is  standard 
ized  according  to  the  procedure  of  the  Association  of  Offlcia 
Agricultural  Chemists  ( 1 ). 
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Aqueous  Solutions  of  Alcohols  as  Confining  Liquids  for  Gas  Analysis 

KENNETH  A.  KOBE1  AND  GEORGE  E.  MASON 
University  of  Washington,  Seattle,  Wash. 


THE  use  of  solutions  of  alcohols,  particularly  glycerol,  as 
confining  liquids  for  gas  analysis  has  been  mentioned  in 
numerous  papers  since  it  was  first  reported  by  Burgess  and 
Wheeler  (I).  Using  a  solution  of  equal  parts  of  glycerol  and 
water  previously  saturated  with  coal  gas,  they  reported  that  “the 
gases  do  not  dissolve  in  such  a  mixture  to  any  appreciable  extent, 
and  its  use  is  more  convenient  than  that  of  mercury”.  The  ad¬ 
vantage  of  the  low  freezing  point  of  such  a  solution  has  been 
mentioned. 

The  authors  have  investigated  the  solubility  of  carbon  dioxide 
in  aqueous  solutions  of  alcohols  which  might  be  satisfactory  as 
confining  liquids  and  compared  these  solubility  data  with  those 
obtained  for  solutions  of  inorganic  salts  previously  recommended. 
Carbon  dioxide  was  selected  because  it  is  the  most  soluble  gas 
commonly  encountered  in  gas  analysis.  A  survey  of  the  litera¬ 
ture  .(•£)  showed  that  carbon  dioxide  was  sufficiently  soluble  in 
aqueous  solutions  of  monohydric  alcohols  to  preclude  them  from 
further  consideration. 


EXPERIMENTAL 

The  apparatus  and  technique  are  those  employed  previously 
(2,  3).  The  organic  compounds  were  of  reagent  quality  or  were 

1  Present  address,  Department  of  Chemical  Engineering,  University  of 
Texas,  Austin,  Texas. 


vacuum-distilled.  Dissolved  gases  were  removed  from  the  watt 
and  the  compounds  (except  glycerol  and  dihydroxy  diethyl  ethei 
by  refluxing  for  20  minutes  or  by  vacuum  distillation.  The  al 
sorption  bulb  and  gas  buret  were  maintained  at  25°  =■=  0.1°  ( 
The  carbon  dioxide  (99.8%  purity)  was  saturated  with  wat< 
vapor  from  the  solution  by  passage  through  a  spiral-type  bubbli 
maintained  at  25  °  C.  V alues  of  the  vapor  pressure  of  the  water  i 
the  solution  were  taken  from  the  literature  or  calculated  fro: 


Table  I.  Solubility  of  Carbon  Dioxide  in  Aqueous  Alcohol 

Solutions 


(Temperature  25°  C.,  partial  pressure  of  CO2  760  mm.) 


Compound  Used 


None 
Glycerol 
Glycerol 
Glycerol 
Sulfuric  acid 
Ethylene  glycol 
Ethylene  glycol 
Ethylene  glycol 
Dioxanec 

/S-fJ'-Dihydroxy  ethyl 

etherc 

Tetrahydrofurfuryl 

alcoholc 


Solution 

Gas 

Solubility  c 

Concentration 

Used 

Absorbed 

CO2 

Wt.  % 

Ml. 

Ml. 

Ml* 

at  l 

0.0 

24.99 

20.57 

0.823 

0.7, 

40.0 

50.90 

29.62 

0.592 

0.5 

50.0- 

50.00 

25.55 

0.512 

0.4' 

50.0 

50.00 

23. 10 

0.462 

0.4 

5.0 

60.0 

49.99 

31.36 

0.627 

0.5 

40.0 

50.00 

32.68 

0.654 

0.5 

20.0 

50.00 

36.31 

0.726 

0.6 

60.0 

50.00 

76.13 

1.523 

1.3 

60.0 

24.99 

15.80 

0.633 

0.5 

75.0 

50.00 

55.66 

1.113 

1.0, 

o  Ml.  of  CO2  at  25°  C.  and  760  mm.  dissolved  per  ml.  of  solution. 

6  Ml.  of  CO2  calculated  to  0°  C.  and  760  mm.  dissolved  per  ml.  of  solutio 
c  This  solution  reacted  with  mercury. 


78 


January,  1946 


ANALYTICAL  EDITION 


79 


Raoult’s  law.  The  total  pressure  maintained  in  the  apparatus 
was  760  mm.  of  carbon  dioxide  plus  the  vapor  pressure  of  the 
solution  at  25  0  C. 

The  solubility  data  are  given  as  milliliters  of  carbon  dioxide 
at  760  mm.  and  25°  C.  dissolved  in  1  ml.  of  solution.  From  this 
is  calculated  the  Bunsen  coefficient,  a,  which  is  the  milliliters  of 
carbon  dioxide,  calculated  to  760  mm.  and  0°  C.,  dissolved  in  1  ml. 
of  solution  (4) .  Although  the  precision  of  the  results  is  0.002,  it 
can  be  considered  that  the  accuracy  of  a  is  0.005.  The  data  are 
given  in  Table  I. 

DISCUSSION 

The  Bunsen  coefficient  for  an  acidified  50%  glycerol  solution 
(0.423)  is  almost  twice  that  found  for  the  20%  sodium  sulfate  plus 
5%  sulfuric  acid  solution  (0.247)  previously  recommended  {2,  S) . 
Although  sodium  sulfate  decahydrate  will  crystallize  from  the 


acidified  sodium  sulfate  solution  below  16°  C.,  this  solution  will 
continue  to  dissolve  less  gas  than  the  acidified  glycerol  solution. 
Only  at  temperatures  below  the  cryohydric  point  would  the 
acidified  glycerol  solution  have  advantages.  The  cryohydric 
temperature  of  saturated  aqueous  sodium  sulfate  solution  is 
—  1.10°  and  of  sodium  chloride  is  —21.1 0  C.  An  acidified  aqueous 
solution  of  sodium  chloride  is  recommended  for  use  at  tempera¬ 
tures  to  — 20 °C.  (— 4°F.). 
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Elect 


ronic  Timer 


JOHN  KEENAN  TAYLOR  AND  JOSEPH  GILMAN  REID,  JR. 
National  Bureau  of  Standards, 

Washington,  D.  C. 


RECENT  work  in  the  physical  chemistry  laboratory  of  this 
bureau  involved  the  use  of  a  solenoid-operated,  enclosed 
'glass  pump.  The  electronic  timing  device  described  by  Bech- 
told  (/)  appeared  particularly  well  suited  for  controlling  this 
solenoid  because  of  its  simplicity,  ease  of  construction,  and  read¬ 
ily  controllable  pulse  rate.  However,  this  timer  proved  un¬ 
satisfactory  in  operation  since,  under  the  conditions  which  ob¬ 
tained,  the  gas-filled  triode  (885)  had  an  average  service  life  of 
only  about  12  hours.  No  current-limiting  element  was  included 
in  the  triode  plate  circuit.  Thus,  the  charging  surge  supplied  to 
capacitor  C2  (Bechtold’s  designation)  was,  upon  breakdown  of 
the  triode,  in  excess  of  the  rated  peak  current  for  the  tube.  This 
overload  caused  the  tube  to  fail  prematurely.  Insertion  of  re¬ 


sistance  to  limit  the  peak  current  to  the  specified  maximum  (300 
milliamperes)  resulted  in  feeble  actuation  of  the  relay.  Satis¬ 
factory  operation  required  the  use  of  a  more  sensitive  relay,  or 
of  a  tube  having  a  higher  peak  current  rating. 

In  the  improved  circuit  given  in  Figure  1  the  type  885  tube  has 
been  replaced  by  a  type  2050  gas-filled  tetrode  and  a  current- 
limiting  resistor  has  been  inserted.  This  resistor,  R6,  has  a  value 
of  about  170  ohms  and  limits  the  charging  surge  of  C2  to  less  than 
the  rated  maximum  (1  ampere)  of  the  2050  tube.  Resistor  R6 
has  been  added  to  limit  grid  current  and  rheostat  Ri  to  reduce 
arcing  of  the  relay  contacts  on  an  inductive  load,  such  as  a  direct 
current  solenoid. 

The  modified  circuit  has  proved  highly  satisfactory  as  evi¬ 
denced  by  over  200  hours  of 
operation,  including  con¬ 
tinuous  periods  of  as  long 
as  60  hours,  with  no  evi¬ 
dence  of  tube  failure.  Its 
readily  adjustable  pulse 
rate,  obtained  by  manipula¬ 
tion  of  potentiometer  Ri 
and  the  adjustability  of 
the  range  of  rates  depend¬ 
ing  upon  the  values  of  Ru 
Ri,  and  C\,  make  it  applica¬ 
ble  to  a  wide  variety  of  tim¬ 
ing  operations. 
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Figure  1.  Circuit  for  Electronic  Timer 

Ci,  3  paper  condensers,  400  wv,  2  jufd .  each;  C2,  250  wv.  electrolytic  condenser,  8  nld.;  C>,  paper  condenser, 
450  wv.,  1  Mid.;  R 1, 1  -megohm  potentiometer.  No.  6  taper;  Ri,  50,000  fi,  1  -watt  carbon;  R 3,  Ri,  1 0,000  S2, 1  -watt 
carbon;  As,  1 -megohm,  1 -watt  carbon;  Re,  1  50  9  5-watt  wire-wound;  Ri,  1 00  S2,  2-ampere  rheostat;  T,  6.3-volt 
3-ampere  filament  transformer;  Re,  double-pole,  double-throw  relay,  2000  O  coil;  F,  2.0-ampere  fuse;  S, 
double-pole,  single-throw  toggle  switch;  2050,  RCA  type  2050  gas-filled  tetrode;  Pi,  Pt  relay  contact  points 
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Gage  For  Preparation  oF  Laboratory  Solutions 

O.  R.  MITCHELL 
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THE  use  of  a  1-  or  2-liter  volumetric  flask 
for  making  large  quantities  of  standard 
solutions  up  to  19  liters  (5  gallons)  is  some¬ 
what  tedious  and  time-consuming.  While  clear- 
glass  bottles  can  be  calibrated  by  placing  a 
mark  at  the  desired  point,  this  method  cannot 
be  used  for  opaque  bottles  and  has  the  additional 
disadvantage  that  the  bottle  must  be  level. 

A  bottle  gage  embodying  the  float  principle 
is  presented  in  the  diagram  and  furnishes  a 
simple,  rapid,  and  accurate  method  for  making 
up  solutions  in  large  bottles. 


The  gage  consists  of  a  hollow  bulb  on  the 
end  of  a  stem,  together  with  a  guide  and  sup¬ 
port  for  the  stem.  The  bulb  must  be  of  such 
size  and  shape  that  it  will  pass  through  the 
mouths  and  necks  of  all  bottles  to  be  used  and 
at  the  same  time  float  in  distilled  water.  The 
stem  support  must  have  enough  clearance  be¬ 
tween  it  and  the  guide  tube  to  accommodate  all 
bottles. 

The  gage  for  2-,  3-,  and  5-gallon  bottles 
used  in  this  laboratory  has  the-  following 
dimensions: 

Bulb.  Length,  5.5  cm.;  greatest  width,  2.3 
cm.;  volume  displacement,  14.0  cc. 

Stem.  Length,  32.0  cm.;  diameter,  0.5  cm. 

Stem  Guide.  Length,  9.0  cm.;  inside  diam¬ 
eter,  0.6  cm. 

Support.  Clearance  between  support  and 


distilled  water  into  a  bottle  of  suitable  size 
placing  the  gage  in  position,  and  making  i 
mark  on  the  stem  even  with  the  top  of  the  guide 
tube.  This  process  is  repeated  for  othe: 
quantities  and  bottles  as  desired.  Howevdr 
the  calibrations  for  bottles  of  any  given  size 
may  be  used  for  all  bottles  of  the  same  size 
provided  that  they  are  of  approximately  the 
same  diameter  and  height. 

In  general,  to  make  up  a  chemical  solutiof 
the  calculated  amount  of  chemical  or  chemical: 
is  put  in  the  empty  bottle,  the  gage  is  placec 
in  position,  and  distilled  water  is  added  to  the 
proper  mark.  The  solution  is  mixed  well  anc 
then  standardized,  adjustments  being  made 
when  necessary. 


Since  the  gage  operates  near  the  center  of  the 
solution  with  respect  to  the  circumference  o 
the  bottle,  its  accuracy  is  not  affected  if  the 
bottle  is  not  exactly  level.  The  slight  differ¬ 
ence  between  the  specific  gravity  of  the  un¬ 
mixed  solution  and  that  of  distilled  water  does 
not  materially  affect  its  accuracy. 

A  suitable  holder  for  the  gage  is  made  b> 
placing  a  small  piece  of  cotton  in  a  500-cc 
graduate. 
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Di-  and  Triethylene  Glycols  as  Manostat  Fluids 

W.  J.  RUNCKEL  and  D.  M.  OLDROYD 

Naval  Stores  Research  Division,  Bureau  of  Agricultural  and  Industrial  Chemistry,  United  States  Department  of  Agriculture,  New  Orleans,  La 


DE\  ICES  for  automatically  controlling  reduced  pressure 
have  numerous  laboratory  applications.  In  carrying  out 
exacting  laboratory  vacuum  distillations  involving  use  of  high- 
efficiency  fractionating  columns  of  100  theoretical  plates  or  more 
and  operating  at  high  reflux  ratios  (10.0  to  1),  it  is  essential  that 
the  column  pressure  be  controlled  closely.  Even  minor  fluctua¬ 
tions  in  pressure  will  cause  serious  disturbance  of  the  equilibrium 
between  liquid  and  vapor  carefully  established  along  the  entire 
length  of  the  column.  Since  such  precise  fractionations  may  ex¬ 
tend  over  periods  of  a  month  or  even  more,  the  pressure  control 
should  not  only  be  very  precise  but  also  provide  trouble-free 
operations. 

In  the  laboratory  of  the  Naval  Stores  Research  Division  various 
terpene  hydrocarbons  are  commonly  distilled  at  a  pressure  of 
20  mm.  of  mercury.  A  Palkin-type  oil  gage  (4)  which  can  be 
easily  read  to  0.5  mm.  of  oil  (and,  therefore,  to  approximately 
0.03  mm.  of  mercury)  is  used,  and  column  pressure  is  maintained 
at  293.0  mm.  of  oil  (corresponding  to  20.0  mm.  of  mercury)  to 
approximately  this  precision.  Five  columns  are  operated  from  a 
single  “column  line’’  manifold  controlled  by  a  triethylene  glycol 
manostat,  and  individual  distillations  have  been  continued  for  as 
long  as  5  weeks.  The  same  manostat  has  been  in  use  for  over  a 
year  without  replacement  and  without  requiring  any  attention 
other  than  resetting. 

A  dual  system  of  pressure  control  involving  an  automatically 
controlled  gas  leak  from  the  higher  pressure  column  line  to  the 
lower  pressure  vacuum  pump  line  is  used.  The  low  pressure 
pump  line  is  maintained  at  approximately  10  mm.  of  mercury  by 


means  of  a  vacuum  pump  controlled  by  an  ordinary  mercun 
manostat.  The  pump  operates  only  at  infrequent  intervals 
Fine  control  of  pressure  in  the  column  line  is  achieved  by  use  o 
the  triethylene  glycol  Hershberg-Huntress-type  (2)  manostat,  ai 
electronic  relay  (Cenco-Gilson  electronic  relay  obtainable  fron 
the  Central  Scientific  Co.,  Chicago,  Ill.,  Catalog  No.  99,780),  anc 
a  solenoid-operated  breather  valve  (Model  K-20-1  obtainable 
from  the  General  Controls  Co.,  Glendale,  Calif.).  Surges  are 
minimized  by  adequate  ballast  and  by  insertion  of  a  15-cm.  (6 
inch)  length  of  capillary  tubing  in  the  breather  line.  In  practice 
there  is  no  perceptible  fluctuation  of  the  level  of  the  oil  gage  whei 
the  solenoid  opens  or  closes,  although  slight  motion  of  the  mano 
stat  fluid  is  perceptible.  The  frequency  of  the  audible  clickinj 
of  the  solenoid  valve  as  it  opens  and  closes  provides  a  good  guidi 
to  the  presence  of  leaks  in  the  system. 

According  to  Hershberg  and  Huntress  (2),  a  desirable  mano 
stat  fluid  is  a  “liquid  which  will  combine  electrical  conductivity 
low  density,  low  vapor  pressure,  and  reasonable  viscosity  witl 
the  property  of  wetting  the  manostat  wall”.  These  investigator! 
recommended  sulfuric  acid  of  specific  gravity  1.71  as  a  manosta 
fluid  to  control  a  thermionic  relay.  Acid  of  this  concentration 
although  superior  to  ordinary  concentrated  sulfuric  acid,  is  no 
entirely  satisfactory,  as  it  is  corrosive  and  hygroscopic  and  easih 
becomes  fouled  with  grease  from  the  stopcocks.  In  addition 
some  electrolysis  occurs  and  the  electrodes  become  pitted. 

The  Cenco-Gilson  electronic  relay,  which  is  reported  to  oper 
ate  on  as  little  as  0.5  microampere,  permits  the  use  of  a  practical!: 
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Table  1. 

Comparative  Properties  of  Manostat  Fluids 

Specific  Gravity 

Viscosity 

Boiling  Point 

Vapor  Pressure 

Substance 

at  20°  C. 

at  20°  C. 

at  760  Mm. 

at  25°  C. 

Centipoises 

0  c. 

Mm. 

Mercury 

13.55  (3) 

1 . 547  (3) 

357.9  (3) 

0.0018  (3) 

80%  H2SO4 

1.7272  ( 3 ) 

20.3  (3) 

(at  25°  C.) 

202  (3) 

0.124  (3) 

75%  H2SO4 

1.6692  (3) 

14.0  (3) 

(at  25°  C.) 

182  (3) 

0.408  (3) 

Dietfiylene  glycol 

1.1184  13) 

35.7  (1) 

244.8  (1) 

0.1  (1) 

(0.1  at  45°  C.) 

Triethylene  glycol 

1.1254  (1) 

47.8  (11 

287.3  (1) 

0  01  (1) 

(0.1  at  80°  C.) 

nonconducting  manostat  fluid,  therefore  materially  enlarging 
the  field  from  which  a  suitable  fluid  may  be  selected.  Both  di¬ 
ethylene  glycol  and  triethylene  glycol,  which  are  readily  available 


commercially,  have  been  found  superior  to  sulfuric  acid  for  use  as 
manostat  fluids.  Both  these  glycols  have  sufficient  electrical 
conductivity  to  operate  the  Cenco-Gilson  electronic  relay,  but 
when  they  are  used  with  the  thermionic  relay  suggested  by  Hersh- 
berg  and  Huntress,  a  drop  of  concentrated  sulfuric  acid  must  be 
added  to  provide  sufficient  conductivity. 

The  significant  properties  of  the  substances  discussed  above  as 
possible  manostat  fluids  are  compared  in  Table  I. 
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A  Rapid-Filling  Capillary  Polarimeter  Tube 

DANIEL  SMITH  and  SHIRLEY  A.  EHRHARDT 
Research  Laboratories  of  fnterchemical  Corporation,  New  York  19,  N.  Y. 


IN  THE  course  of  an  extended  study  of  the  optical  rotations  of 
several  scarce  materials,  the  limited  quantities  of  sample 
available  necessitated  the  use  of  capillary  polarimeter  tubes. 
The  ordinary  polarimeter  tubes  which  are  generally  used  in 
sugar  analysis  ( 1 )  and  are  readily  available  have  an  inside  diam¬ 
eter  of  about  9  mm.  With  a  tube  of  this  bore,  it  would  have 
been  necessary  either  to  reduce  the  length  to  a  few  millimeters  or 
to  use  extremely  dilute  solutions.  Since  the  rotation  is  a  func¬ 
tion  of  the  length  of  tube  and  concentration  of  the  solution, 
neither  alternative  was  feasible.  Compared  with  the  usual  9-mm. 
diameter  tube,  the  2-mm.  bore  tube  employed  by  the  authors  re¬ 
quires  only  5%  of  the  solution  volume  for  an  equal  tube  length. 

Many  investigators  have  employed  capillary  tubes  such  as  the 
Fischer  microtube  (3)  the  Naumann  tube  (3)  or  various  modifica¬ 
tions  of  them.  The  filling  of  small-bore  tubes  of  these  types 
presents  definite  difficulties.  It  is  impossible  to  pour  the  liquid 
into  the  vertically  held  tube  while  one  of  the  cover  glasses  is 
Fastened  to  the  lower  end.  If  any  air  bubbles  are  trapped  in  the 
course  of  the  filling,  it  is  generally  necessary  to  empty  the  entire 
sample  before  attempting  to  refill  free  of  air  bubbles. 

This  difficulty  is  usually  overcome  by  introducing  the  solution 
from  a  long  thin  dropper  which  will  extend  to  the  bottom  of  the 
capillary  (3).  Withdrawing  the  dropper  as  the  liquid  enters  the 
;ube  permits  filling  with  a  fair  degree  of  success.  However,  the 
fragility  of  the  long  dropper  and  the  ever-present  danger  of  losing 
,he  sample  if  the  dropper  is  broken  are  disadvantages. 

The  “halo”  caused  by  light  scattered  from  the  inside  walls  of 
imall-bore  tubes  makes  it  difficult  to  obtain  a  well-defined  balance 
>f  the  photometric  field.  Naumann  (3)  overcomes  this  difficulty 
>y  employing  black  glass  capillary  tubes  with  etched  inside  walls, 
)ut  admits  that  proper  cleaning  of  the  etched  tube  is  a  problem 
n  itself. 

The  authors  have  reduced  this  halo  effect  to  a  minimum  by 
imiting  the  field  of  the  polarimeter.  When  a  diaphragm  is 
nounted  in  the  threaded  end  cap  of  the  tube  nearest  the  analyzer, 
vith  its  hole  diameter  so  selected  that  it  subtends  a  smaller  angle 
o  the  observer  than  does  the  end  of  the  capillary  bore  nearest 
he  polarizer,  the  halo  is  eliminated  at  the  expense  of  a  small  re- 
luction  in  the  diameter  of  the  photometric  field. 

In  order  to  obtain  satisfactory  tubes  for  their  investigation, 
he  authors  have  devised  a  new  type  of  capillary  tube  by  the 
imple  expedient  of  introducing  into  an  ordinary  straight-bore, 
00-mm.  polarimeter  tube  a  piece  of  capillary  whose  outside 


diameter  makes  a  rather  snug  sliding  fit  (about  0.01-mm.  clear¬ 
ance)  in  the  inside  of  the  regular  tube.  These  sections  of  cap¬ 
illary  are  optically  polished  on  both  ends.  Their  total  length  is 
made  approximately  0.5  mm.  shorter  than  that  of  the  regular 
tube,  so  that  the  original  tube  length  still  remains  effective  when 
rotation  measurements  are  made. 

While  using  these  assembled  capillary  tubes  it  became  apparent 
that  they  can  be  filled  easily,  rapidly,  and  safely  by  putting  the 
necessary  amount  of  solution  into  the  large  tube  and  then  slowly 
lowering  the  capillary  into  it.  The  lowering  of  the  capillary 
displaces  the  solution,  which  rises  into  the  bore  completely  free 
of  bubbles.  The  solution  also  rises  in  the  annular  space  between 
the  tube  and  the  capillary,  but  this  does  not  interfere,  nor  does 
it  use  much  of  the  solution.  For  a  tube  of  the  dimensions  stated, 
the  annular  volume  is  about  0.015  ml. 

If  the  solution  does  not  come  all  the  way  to  the  top,  when  the 
capillary  is  lowered  in  the  tube,  a  small  amount  may  easily  be 
added  from  a  short  dropper. 

In  many  laboratories  it  is  necessary  to  have  a  large  number  of 
polarimeter  tubes  of  different  bore  size  to  accommodate  the 
various  quantities  of  solutions  to  be  measured  on  the  polarimeter. 
By  means  of  a  series  of  different-size  capillaries  which  may  be 
readily  constructed,  a  single  observation  tube  may  be  quickly 
converted  into  a  capillary  tube  of  the  proper  bore.  Water- 
jacketed  tubes  without  tubulatures  may  be  similarly  converted 
to  capillary  tubes,  bearing  in  mind,  of  course,  that  the  time  re¬ 
quired  for  attaining  temperature  equilibrium  will  be  greatly  in¬ 
creased  because  of  the  increased  thickness  of  tube  wall. 

SUMMARY 

Polarimetric  measurements  on  small  amounts  of  the  sample 
require  the  use  of  capillary  tubes.  As  a  result  of  optical  rotation 
studies  on  several  small  samples,  a  rapid-filling  capillary  polarim¬ 
eter  tube  has  been  developed.  For  small  volumes  of  solutions, 
this  tube  gives  the  maximum  tube  length  which  is  concomitant 
with  a  sufficiently  large  field  to  permit  photometric  matching. 
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Electrolyte  Solution  Heating  Element  For  Steam  Microbath 

ALEXANDER  P.  MARION,  Queens  College,  Flushing,  N.  Y. 


A  SIMPLE,  rapid,  and  efficient  heating  device  particularly 
adapted  for  use  as  an  electrically  operated  steam  bath  can 
be  constructed  by  immersing  two  wire  electrodes  in  a  solution  of 
an  electrolyte  of  proper  concentration.  The  apparatus  (Figure  1) 
has  an  automatic  cutoff  feature  and  requires  no  external  trans¬ 
former  or  resistance  control. 

The  apparatus  is  a  vessel  of  about  200-ml.  capacity  covered  by 
a  metal  water  bath  adapter  through  which  the  electrodes  pass. 
The  electrodes  are  two  pieces  of  No.  12  copper  wire  bared  for  a 
length  of  4  cm.  and  insulated  from  the  adapter  by  Lucite  bushings. 
The  wires  fit  snugly  into  holes  drilled  through  the  Lucite.  One 
of  the  bushings  is  cut  to  permit  the  electrode  to  be  partially 
raised  out  of  the  solution,  thereby  altering  the  effective  size 
of  the  electrode.  Two  parallel  grooves,  each  the  thickness  of  the 
metal  plate  and  1  cm.  apart,  are  cut  in  a  2.5-cm.  length  of  0.94- 
cm.  (0.375-inch)  diameter  Lucite  rod.  The  section  below  the 
uppermost  groove  is  then  filed  to  have  two  parallel  flat  faces,  the 
material  down  to  the  depth  of  the  groove  being  removed.  The 
opening  in  the  metal  plate  is  made  by  drilling  a  hole  and  filing 
until  the  lower  end  of  this  bushing  will  pass  through.  Then  by 
raising  the  bushing  to  the  level  of  the  lower  groove  and  rotating 
it  90°  the  area  of  the  electrode  is  reduced,  thereby  decreasing 
rate  of  heating. 

A  1%  copper  sulfate  solution  proved  satisfactory  as  the  elec¬ 
trolyte.  Some  idea  of  the  time  to  reach  the  boiling  point  may  be 
useful:  100  ml.  of  solution  produced  steam  in  less  than  1.5  min¬ 
utes  after  the  unit  was  plugged  into  the  commercial  power  lines. 
The  automatic  cutoff  is  obtained  by  suspending  the  electrodes 


Figure  1.  Details  of  Apparatus.  Including  Side 
View  of  Special  Bushing 


so  that  they  do  not  touch  the  bottom  of  the  vessel.  Then  as  the 
level  of  the  solution  drops  below  the  lower  edge  of  the  electrodes 
the  circuit  is  broken.  As  the  electrolyte  remains  in  the  residue, 
the  addition  of  water  will  recharge  the  apparatus. 
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IN  RECENT  months  the  writer  has  had  an  opportunity  to 
study  the  ion-exchange  adsorption  of  a  large  number  of  organic 


compounds.  In  order  to  obtain  basic  facts  as  to  adsorption 
capacity  of  exchangers  and  recovery  data  it  was  found  expedient 
to  use  small  quantities  of  exchange 
materials. 

The  ion-exchange  columns  recom¬ 
mended  by  investigators  in  the  water¬ 
conditioning  field  ( 1~4 )  were  found  to 
be  oversized  (200-  to  1000-ml.  exchanger 
beds)  and  cumbersome  to  operate.  A 
need  was  felt  for  a  column  which  would 
hold  from  5  to  20  ml.  of  exchanger  and 
could  easily  be  assembled,  backwashed, 
or  connected  in  series  with  another 
column. 


The  effluent  passes  out  of  the  second  column  through  A 2  and 
its  flow  rate  may  be  adjusted  by  means  of  the  stopcock. 

The  columns  may  be  backwashed  by  attaching  a  tube' from  a 
raised  water  bottle  to  B 2  as  illustrated  or  to  A 1  for  the  first 
column  and  providing  an  overflow  tube. 


Such  an  apparatus  was  constructed 
by  using  a  9-mm.  standard  Kimble  con¬ 
denser  tube  measuring  42.5  cm.  long 
when  the  beveled  end  had  been  cut  off. 
A  plug  of  glass  wool  was  inserted  at  the 
bottom  and  a  three-way  stopcock  was 
attached  by  means  of  a  rubber  stopper. 

A  complete  assembly  of  two  columns 
is  shown  in  Figure  1.  The  solution  to 
be  run  enters  C1  by  means  of  a  funnel 
and  constant-head  device.  After  flow¬ 
ing  through  the  exchange  bed  in  the 
first  column  it  passes  to  the  second  by 
means  of  a  tube  leading  from  B 1  to  C2. 
Samples  from  the  first  column  may  be 
taken  at  any  time  through  A1  by  turning 
the  stopcock. 


Even  at  moderately  rapid  backwash 
rates  the  exchangers  remained  sus¬ 
pended  in  the  wide  part  of  the  tube  at 
C'C2  and  showed  no  tendency  to  be 
spilled  over.  No  trouble  was  caused 
by  entrapped  air,  as  is  usual  in  larger 
columns.  Flow  rates  could  be  adjusted 
with  fair  accuracy  over  a  wide  range. 
Where  necessary,  the  tube  may  be  cali¬ 
brated  to  study  bed  volume  changes. 

This  apparatus  has  been  found  use¬ 
ful  in  studies  on  the  ion-exchange  ad¬ 
sorption  and  recovery  of  alkaloids,  amino 
acids,  and  other  organic  compounds. 
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COMPOUND  analysis  of  crystalline  solids  by  isomorphism 
depends  for  its  utility  on  the  availability  of  systematically 
arranged  representative  diffraction  patterns  of  the  various  known 
crystal  structures.  The  tabulation  of  the  cubic  structures  (3) 
has  been  found  useful  and  the  effectiveness  of  the  method  has 
prompted  the  compilation  of  the  tetragonal  structures.  The 
procedure  for  comparing  diffraction  patterns  of  isomorphous 
substances  has  been  described  adequately  (4),  hence  only  the 
tabulated  diffraction  data  for  tetragonal  isomorphs  are  presented 
in  this  paper. 

Figures  1,  2,  3,  and  4  depict  representative  diffraction  patterns 
of  40  tetragonal  structures  designated  as  in  the  “Strukturber- 
icht”  (2,  5-9).  The  patterns  are  arranged  in  sets  and  within 
each  set  the  simplest  structure  with  the  highest  symmetry  (11)  is 
listed  first.  The  averaged  relative  intensities,  based  largely  on 
the  Dow  file  of  standards,  refer  to  Debye-Scherrer-Hull  patterns 
taken  with  MoKa  radiation.  For  each  structure  only  reflections 
compatible  with  the  respective  space  group  are  shown.  The 
intensities  of  superposed  lines  were  resolved  by  calculating  the 
appropriate  structure  factors.  To  round  out  the  available  pow¬ 
der  data,  some  fifty  substances  were  synthesized  and  their  dif¬ 
fraction  patterns  carefully  indexed. 


GENERAL  PROCEDURE  FOR  IDENTIFYING  A  NONCATALOGED 

PATTERN 

(1)  Plot  the  log  d  values  and  corresponding  relative  intensities 
of  the  unidentified  pattern  on  a  narrow  strip  of  paper;  (2)  verify 
that  the  pattern  is  noncubic  (3) ;  (3)  find  an  isomorphic  proto¬ 
type  among  the  representative  diffraction  patterns  for  the  aniso¬ 
tropic  crystal  structures;  (4)  compute  the  lattice  constants  and 
check  the  appropriate  classification  tables  (for  the  tetragonal 


Table  1. 

X-Ray  Powder  Diffraction 

I 

Data 

d,  kX 

h 

(AW) 

7.25 

0.06 

001 

3.75 

1.00  (100) 

101 

3.60 

0.15 

002 

3.10 

1.00  (100) 

110 

(2.98) 

(0.01) 

2.78 

0.63 

102 

2.35 

0.75  (75) 

112 

2.19 

0.63 

200 

2.11 

0.25 

201,  103 

1.90 

0.40 

211,  113 

1.72 

0.25 

212 

1.68 

0.20 

104 

1.62 

0.02 

203 

(1.59) 

(0.01) 

1.55 

0.15 

220, 114 

1.52 

0.15 

221,  213 

1.43 

0.08 

222,  301 

1.39 

0.10 

204,  310 

1.355 

0.02 

311,  302 

Filtered  MoKa  was  used  to  obtain  the  powder  diffraction  data,  d  = 
nterplanar  spacing.  —  =  relative  intensity.  The  lattice  constants  for  the 

unknown  phase  are  a  =  4.38  kX,  c  =  7.23  kX;  -  =  x.65 

a 


Table  II.  Statistical  Data  on  Tabulated  Tetragonal  Substances 


Dominant  structures 
Nr  =  number  of  examples 
Nr 
■ZrNr 

Configurations  favoring  tetragonal 
symmetry 

Prevalence  of  primitive  lattices 
Prevalence  of  body-centered  lattices 
nhko  =  average  number  of  observed 
prism  reflections  per  powder  pat¬ 
tern 

r hko  —  probability  of  observing  {hko  j 


HO«,  C4,  Cll,  OB20,  . .  . 

36,  33,  18,  17,  ... 

0.11,  0.10,  0.06,  0.05,  .  .  . 

Tetrahedral,  octahedral,  square;  lin¬ 
ear;  4n-cyclic 
53% 

47% 


4.4;  l<nhko<9 

(ruo,  *>200,  72m)  —  (0.65,0.93,0.90) 


Ihko 


=  average  relative  intensity  of 


\hko) 


n[hkl)  =  probability  that  [hkl\  is 
the  rc'h  strongest  powder  reflec¬ 
tion  of  a  tetragonal  structure 


I-  =  average  axial  ratio 
a 


/  Tuo  1 200  -Z22O  \ 

VI.’  V  u) 


(0.38,  0.51,  0.17) 


h  1 101,  112,  110,  211,  200)  =  (0.30, 
0.22,  0.13,  0.13,  0.08) 
v2 1 101,  200,  211,  110,  112)  =  (0.15, 
0. 13,  0. 10,  0.08,  0.08) 
vs { 110,  211,  101,  200,  112)  =  (0.10, 
0.10,  0.08,  0.08,  0.05) 


1.51;  0.31  <-<6.7 
a 


system  check  Tables  III  and  IV) ;  (5)  confirm  the  identification 
of  the  unknown  phase  by  a  qualitative  spectroscopic  analysis 
or  by  spot  tests. 

The  following  example  illustrates  the  procedure: 

Columms  1  and  2  of  Table  I  give  the  powder  diffraction  data 
of  a  phase  encountered  in  a  magnesium  flux  sample.  After 
plotting  log  d  and  the  corresponding  relative  intensities  on  a  strip 
of  paper,  one  checks  first  the  index  scale  for  the  cubic  system  (3) 
and  finds  that  the  substance  is  noncubic.  Proceeding  to  the 
tetragonal  system  and  comparing  systematically  the  unknown 
pattern  with  those  of  Figures  1,  2,  3,  and  4,  one  makes  the  follow¬ 
ing  observations:  The  first  indication  of  a  fit  with  the  data  is 

noted  for  Cll  with-  =  1.64  (a  «  4.4fcX,  c  =  7.2  kX).  However, 

the  lines  7.25,  2.78,  1.72,  1.68,  1.62  kX  are  not  accounted  for  by 
this  structure  and  the  intensity  agreement  of  the  indexed  lines  is 
not  satisfactory.  Structure  C38  permits  indexing  all  the  lines  for 
£ 

-  =  1.65  (a  =  4.38  kX,  c  =  7.23  kX )  but  gives  poor  agreement 

with  the  relative  intensities.  Checking  Table  III  under  C38, 
one  fails  to  find  a  substance  agreeing  with  the  computed  lattice 
constants.  A  similar  situation  is  encountered  for  structure  D3i 

with  ^  =  2.32  (a  =  6.20  kX,  c  =  14.5  kX)  and  for  structure  DO22 

with  ^  =  1.65  (a  =  8.75  kX,  c  =  14.5  kX).  Structure  EOi,  how¬ 
ever,  accounts  for  all  the  lines  and  matches  the  relative  intensi- 
ties  well.  Looking  under  EOi  for  -  =  1.65  (a  =  4.38  kX,  c  = 

CL 

7.23  kX ),  one  identifies  the  unknown  as  BaFCl.  Spectroscopic 
analysis  confirms  Ba  as  a  major  constituent.  The  faint  lines 
2.98  and  1.59  kX  belong  to  an  unidentified  material  present  in 
low  concentration.  (In  completing  the  comparison  of  the  iden¬ 
tified  pattern  with  the  remaining  tetragonal  structures,  one 
finds  only  partial  matching  with  structures  H04,  HO7,  and  HOs.) 
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An  alternative  method  of  identifying  the  unknown  phase  is 
based  on  the  general  tabulation  of  tetragonal  substances  in  Table 
IV.  By  matching  the  unknown  pattern  against  the  standard 
structures  it  is  noted  that  the  pattern  can  be  indexed  tetragonal 

with  -  =  1.65  (a  =  4.38  kX,  c  =  7.23  kX).  Looking  in  Table 

IV  for  these  lattice  constants  one  finds  BaFCl  listed.  As  in  the 
first  method  a  qualitative  spectroscopic  analysis  is  required  to 
confirm  the  phase  identification.  In  using  Table  IV  it  is  advis¬ 
able  to  look  not  only  under  -  but  also  under  (  —7  )  £  where  p,  q  = 

1,2,3, . . .  ,n  and  r  =  0,  ±-.  In  practice  one  usually  considers 


only  the  factors  2,  \/2, 


1  1 
V?  2' 


The  ease  with  which  a  tetragonal  pattern  can  be  recognized  is 
a  determining  factor  in  the  speed  of  the  above  methods.  Refer¬ 
ence  to  Table  II  suggests  how  one  may  expedite  the  indexing  of 
tetragonal  powder  patterns.  For  approximately  85%  of  the 
tetragonal  substances  it  is  possible  to  pick  out  the  (200}  and 
(220}  reflections  by  translating  the  log  d  strip  of  the  unknown 
pattern  along  the  \hko\  scale  at  the  top  of  Figure  1.  The  data 
of  Table  I  can  be  used  to  illustrate  the  procedure.  After  plot¬ 
ting  log  d  one  fixes  the  first  line,  dx  =  7.25  kX,  on  (200}  of  the 


{ hko }  scale  and  notes  if  any  of  the  remaining  d’s  match  (220). 
As  no  match  is  found  one  proceeds  systematically  to  the  succeed¬ 
ing  lines  and  observes  that  d4  =  3.10  kX  and  d8  =  2.19  kX 
match — i.e.,  d4:d8  =  1.415  =*  y/2  =  d(2oo) -d {220)  =  d(no) :d(2oo). 
Checking  the  possibility  that  d4:d8  =  d(no)  :d[ 200),  one  sees  imme¬ 
diately  that  d4:d8:di5  =  3.10:2.19:1.55  =  d (no)  :d(20o)  :d{220)  = 
2:\/2:l.  Three  prism  reflections  are  thus  identified  and  the  un¬ 
known  pattern  is  readily  indexed  by  following  the  f  110}  lines  down 

c 

Figure  1  until  a  match  is  found  for  -  =  1.65.  The  phase  identifi¬ 
cation  is  then  carried  out  in  the  manner  already  discussed. 
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Table  III.  Tetragonal  Substances  Tabulated  by  Types 

Table  III  lists  329  tetragonal  substances.  For  each  isomorphous  type  stants  is  listed  first.  (To  avoid  repetition,  the  various  literature  values  have 
the  members  are  arranged  in  the  ascending  order  of  their  axial  ratios.  If  been  averaged.)  For  specific  references  prior  to  1939  see  "Strukturbericht”, 

two  members  have  the  same  value  for  c/a  the  one  with  the  smaller  lattice  con-  Vols.  I  to  VII:  for  later  references  see  Chem.  Abst.,  33  to  39  (1939-1945). 


c  c 


1 

a,  kX 

c,  kX 

Substance 

a 

a,  kX 

c,  kX 

Substance 

A5 

0.621 

4.77 

2.96 

CbOz 

0 . 5456 

5.819 

3.175 

0.633 

4.61 

2.92 

RhVO, 

d-Sn 

0.634 

4.54 

2.88 

VO2 

A6 

0.642 

4.69 

3.01 

RhCbO. 

0.644 

4.58 

2.95 

TiOs 

0.936 

0.952 

0.962 

0.981 

0.998 

1.077 

3.774 

3.76 

3.767 

3.764 

3.752 

4.585 

3.533 

3.58 

3.624 

3.693 

3.744 

4.937 

y-Mn 

95Mn.5Cu 

89Mn.l  lCu 

79Mn.21Cu 

66Mn.34Cu 

In 

0.645 

0.649 

0.649 

0.650 

0.651 

0.652 

0.652 

4.68 

4.41 

4.64 

4.63 

4.39 

4.40 
4.62 

3.02 

2.86 

3.01 

3.01 

2.86 

2.87 

3.01 

RhTaO, 

CrOa 

CrCbO, 

CrTaO, 

Ge02 

MnOj 

FeSbO, 

B10 

0.652 

4.67 

3.04 

FeTaO, 

0.652 

4.68 

3.05 

FeCbO, 

1.22 

3.55 

4.33 

LiOH 

0.656 

4.51 

2.96 

AlSbO, 

1 .26 

3.98 

5.01 

PbO  (red) 

0.659 

4.64 

3.06 

MgF2 

1.27 

3.80 

4.81 

SnO 

0.660  . 

4 . 59 

3.03 

GaSbO, 

0.660 

4.71 

3.11 

NiF2 

B17 

0.664 

4 . 58 

3.04 

CrSbO, 

0.665 

4.72 

3.14 

ZnF2 

1.74 

3.03 

6.26 

PdO 

0.672 

4.72 

3.17 

Sn02 

1.76 

3.03 

5.32 

PtO 

0.674 

4.60 

3.10 

RhSbO. 

1.76 

3.47 

6.10 

PtS 

0.678 

4.87 

3.30 

MnFs 

0.679 

4.70 

3.19 

C0F2 

B25  and  OB25 

0.683 

4.95 

3.38 

PbOr 

0.667 

6.011 

0.686 

4.93 

3.38 

PdF. 

4.009 

NH4SH 

0.690 

4.51 

3.11 

RuO, 

0.707 

6.18 

4.37 

7-NH4I 

0.696 

4.83 

3.36 

FeF: 

0.709 

5.70 

4.04 

y-NH,Br(~173°  K.) 

0.699 

4.49 

3.14 

IrOj 

0.711 

7.78 

5.53 

N(CH3),C1 

0.707 

4.51 

3.19 

OsOr 

0.712 

8.44 

6.01 

N(CH3),MnO, 

0.787 

(4.79) 

(3 . 77) 

TeOi 

0.713 

7.76 

5.53 

N(CH3)4Br 

0.722 

8.28 

5.98 

N(CH3)4C10« 

C5 

0.724 

7.94 

5.75 

N(CHS),I 

0.729 

6.34 

4.62 

PH, I 

2.51 

3.75 

9.43 

TiOi 

B34 

Cll 

1.03 

6.37 

6.58 

(Pd,  Pt,  Ni)S 

1.15 

6.27 

7.22 

Cs04 

1 . 04 

6.35 

6.60 

PdS 

1.17 

5.99 

7.02 

RbO, 

1.18 

5.70 

6.73 

KO, 

B37 

1.20 

UC2 

0.873 

8.02 

7.00 

TISe 

1.28 

1.61 

(4.14) 

4.39 

(5.28) 

7.05 

ThCi 

BaCi 

1.63 

4.11 

6.68 

SrC2 

NaBi 

1.65 

3.82 

6.30 

NdCt 

1.35 

1.39 

3.24 

4.38 

Mgln 

1.65 

3.87 

6.37 

CaCi 

1.66 

3.85 

6.38 

PrC8 

3.46 

4.80 

NaBi 

1.67 

3.54 

5.91 

CaO, 

1.67 

3.75 

6.28 

SmCj 

C4 

1.67 

3.87 

6.48 

CeC3 

0.570 

(4.86) 

(2.77) 

WO* 

1.67 

3.92 

6.55 

LaCt 

0.574 

(4.86) 

(2.79) 

M0O2 

( Continued  on 

next  page) 
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Table  III  ( Continued ) 


e  c 


a 

a,  kX 

c,  kX 

Substance 

a 

a,  kX 

c,  kX 

Substance 

1.79 

3.78 

6.77 

Ba02 

El, 

1.85 

1.97 

3.55 

(4.28) 

6.55 

(8.42) 

Sr02 

KHC: 

0.550 

10.81 

5.94 

(PnCla). 

2.10 

(3.89) 

(8.17) 

NaHCi 

E2a 

C13 

1.89 

4.19 

7.94 

NH.HgCl, 

2.83 

4.36 

12.36 

Hgls 

E2« 

C16 

• 

0.502 

13.30- 

6.69- 

KMg(HaO).(Cl,  Br), 

0.806 

6.052 

4.878 

AhCu 

13.52 

6.78 

0.814 

6.52 

5.31 

Sn2Fe 

0.818 

6.647 

5.434 

Sn2Mn 

(E3,) 

0.832 

5.099 

4.240 

Fe2B 

1.00 

Ag2HgI, 

0.841 

5.006 

4.212 

C02B 

6.34 

6.34 

0.846 

5.899 

4.991 

Ge2Fe 

1.01 

6.08 

6.14 

Cu2HgI, 

0.851 

4.980 

4.236 

Ni2B 

0.852 

6.835 

5.821 

Pb2Pd 

(E61) 

0.857 

0.880 

6.348 

6.651 

5.441 

5.853 

Sn2Co 

Pb2Rh 

0.906 

(6.41) 

(5.81) 

Sr(OH)2.8H20 

C20 

(E62) 

2.45 

3.21 

7.88 

WSi2 

0.880 

(6.32) 

(5.56) 

Sr02.8H20 

2.46 

3.20 

7.86 

C30 

MoSii 

FeTa.Ot 

1.94 

4.70 

9.10 

NiTa2Oe 

1.40 

4.96 

6.92 

Si02 

1.94 

4.71 

9.12 

Fe(Cb,  Ta)aO. 

1.41 

5.00 

7.06 

A1PO, 

1.94 

4.73 

9.16 

CoTa206 

1.95 

4.70 

9.18 

MgTa.Oa 

C38 

1.95 

4.71 

9.18 

FeTa2Oa 

1.53 

3.992 

6.091 

Cu2Sb 

Fli 

1.61 

4.08 

6.56 

MnaSb 

1.65 

3.627 

5.973 

Fe2As 

0.921 

9.69 

8.92 

Hg(CN)a 

1.67 

3.76 

6.27 

Mn2As 

1.75 

3.613 

6.333 

Cr2As 

F5S 

C47 

1.16 

6.07 

7.03 

KNCO 

SeO. 

1.16 

6.09 

7.06 

KNa 

0.605 

8.35 

5.05 

1.17 

6.36 

7.41 

RbNa 

1.20 

5.67 

6.81 

KFHF 

C48 

F5. 

2.88 

2.998 

8.630 

Cr2Al 

0.593 

6.31 

3.74 

NHaClO. 

ZnP2 

GO. 

3.68 

5.07 

18.65 

ZnP2 

3.73 

5.28 

19.70 

CdPj 

0.871 

5.74 

5.00 

NHaNOa-II  (357-398°  K.) 

D022 

Phosgenite 

1.46 

5.548 

8.093 

TiGai 

1.086 

8.13 

8.83 

PbaCbCO. 

1.55 

5.605 

8.712 

ZrGa. 

1.086 

8.34 

9.06 

Pb2Br2COa 

1.56 

5.334 

8.305 

VAlj 

1.57 

5.422 

8.536 

TaAli 

HOa 

1.58 

1.58 

5.425 

5.427 

8.579 

8.584 

TiAla 

CbAli 

0.867 

0.874 

7.13 

7.25 

6.18 

6.34 

YVO4 

CaCrO, 

DOii 

0.888 

6.87 

6.10 

YPO. 

0.901 

6.08 

5.93 

ZrSiO, 

4.32 

4.003 

17.29 

ZrAli 

0.910 

6.89 

6.27 

YAsO, 

1.46 

(7.74) 

(11.31) 

Y (Cb,  Ta)0, 

Dli 

1.46 

(7.76) 

(11.32) 

YCbOi 

1.47 

(7 . 75) 

(11.41) 

YTaO, 

2.46 

4.53 

11.14 

AliBa 

2.48 

4.45 

11.04 

Al,Sr 

HO. 

2.54 

4.35 

11.07 

AliCa 

2.15 

5.94 

12.80 

NH4IO4 

D3i 

2.17 

5.15 

11.17 

CdMoO, 

2.17 

5.24 

11.38 

CaWOi 

2.36 

4.92 

11.62 

Hg2I2 

2.17 

5.35 

11.63 

NaLa(W04)2 

2.39 

4.65 

11.10 

Hg2Bn 

2.18 

5.32 

11.59 

NaCe(WO,)2 

2.44 

4.46 

10.89 

Hg2Cl2 

2.18 

5.34 

11.63 

LiLa(W04)a 

2.98 

3.66 

10.9 

Hg2F2 

2.19 

5.23 

11.44 

CaMoO, 

2.19 

5.27 

11.55 

NaBi(Mo04)2 

D5. 

2.19 

5 .36 

11.72 

NaRe04 

8.75 

Cd3P2 

2.20 

5.23 

11.50 

LiBi(MoO,)2 

1.40 

12.28 

2.20 

5.31 

11.67 

LiLa(Mo04)2 

1.41 

8.10 

11.45 

ZnaP2 

2.20 

5.33 

11.70 

NaLa(Mo04)2 

1.41 

8.32 

11.76 

Z113AS2 

2.20 

5.40 

11.90 

Sr  WO, 

1.41 

8.95 

12.65 

CdaAs. 

2.20 

5.75 

12.63 

KIOi 

2.20 

5.87 

12.94 

RblO, 

Fe3P 

2.20 

5.87 

12.94 

NHiReOi 

0.490 

0.491 

0.492 

0.499 

0.502 

9.09 

9.01 

8.92 

9.13 

9.16 

4.45 

4.42 

4.39 

4 . 56 

4.60 

FeaP 

(Fe,  Ni,  Go)«P 

NiaP 

CraP 

MnaP 

2.21 

2.21 

2.22 

2.22 

2.22 

2.23 

5.44 

5.44 

5.38 

5.39 
5.62 
5.35 

12.01 

12.03 

11.92 

11.94 

12.50 

11.92 

PbWO, 

KLa(WO,)2 

KBi(MoO,)2 

KCe(WO,)2 

KReO, 

AgRe04 

EOi 

2.23 

5.37 

11.96 

SrMoO, 

2.23 

5.41 

12.08 

PbMoO, 

1.65 

4.38 

7.22 

BaFCl 

2.23 

5.42 

12.11 

KLa(MoO,)a 

1.68 

4.10 

6.88 

SrFCl 

2.24 

5.32 

11.93 

NalO, 

1.71 

4 . 65 

7.93 

BaFI 

2.24 

5.37 

12.01 

AglO, 

1.76 

3.89 

6.83 

CaFCl 

2.26 

5.62 

12.70 

BaWO, 

1.76 

4.09 

7.21 

PbFCl 

2.27 

5.80 

13.  17 

RbReO, 

1.82 

4.18 

7.59 

PbFBr 

2.29 

5.56 

12.76 

BaMoO, 

1  89 

3.89 

7.37 

BiOCl 

2.30 

5.08 

11.69 

BiAs04 

2.07 

3.92 

8.11 

BiOBr 

2.31 

5.76 

13.33 

/3-TlReO,  (400°  K.) 

2.28 

4.01 

9.14 

BiOI 

2.32 

5. 65 

13.08 

KOs03N 

2.36 

5.46 

12.89 

KCrOaF 

Eli 

2.52 

5.61 

14.13 

CsSOaF 

2.53 

5.72 

14.50 

CsCrOaF 

1.82 

5.66 

10.30 

AgFeS! 

1.97 

5.26 

10.37 

CuFeSa 

( Continued  on  page  87) 
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Figure  1 .  Representative  Diffraction  Patterns  of  Tetragonal  Structures 

The  log  dhko  values  of  the  various  structures  (Figures  1 , 2,  3,  and  4)  are  matched  according  to  the  |A<ro)  reflections.  (To  conserve  printing  space  some  of  the  sbuctures  had 
to  be  translated  to  the  left — e.g.,  BIO,  C13,  C38.)  The  relative  intensities  of  the  powder  pattern  pertaining  to  a  particular  structure  represent  the  arithmetically  averaged 
relative  intensities  (for  MoKa  radiation)  of  representative  members  of  the  Isomorphoas  group.  The  change  of  dhkl  with  c/a  is  expressed  graphically  (/,  10)  and  covers  tne 

c/a  spread  encountered  within  the  particular  isomorphoas  group 
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Table  III  (Continued) 


C 


a 

a,  kX 

c,  kX 

HOt 

Substance 

1.524 

4.459 

6.796 

BAsOs 

1.533 

4.332 

6.640 

HOs 

BPOs 

1.73 

3.55 

6.14- 

KAlFs 

1.73 

3.62 

6.26 

RbAlFs 

1.76 

3.61 

6.37 

TIAlFs 

1.77 

3.59 

6.35 

(Hli) 

NHsAlF, 

1.48 

5.85 

8.68 

CuFejOs 

1.58 

6.20 

9.82 

CaIn2Os 

1.59 

5.74 

9.15 

ZnMn2Os 

1.61 

6. 12 

9.87 

CdIn2Os 

1.64 

5.75 

9.42 

PbPbjOi 

MnMn2Os 

0.684 

8.22 

5.62 

NiAs2Os 

0.687 

8.592 

5.905 

FeSbiOs 

0.689 

8.685 

5.980 

MnSb204 

0.696 

8.49 

5.91 

CoSb2Os 

0.697 

8.491 

5.920 

ZnSb2C>4 

0.699 

8.445 

5.907 

MgSbsOs 

0.708 

8.35 

5.91 

NiSb2Os 

0.722 

8.72 

6.30 

SnPb2Os 

0.742 

8.85 

6.57 

Hls 

PbPb2Os 

0.582 

7.04 

4.10 

K2PdCls 

0.591 

6.99 

4.13 

K2PtCl4 

0.591 

7.21 

4.26 

H22 

(NHsRPdCls 

0.936 

7.61 

7.12 

KH2AsOs 

0.938 

7.43 

6.97 

KH2P04 

1.003 

7.52 

7.54 

NH4H2PO( 

1.005 

7.70 

7.74 

H2s 

NH4H2AsOs 

1.97 

5.46 

10.73 

H4i 

Cu2FeSnS4 

1.024 

7.81 

8.00 

Rb2CuCls.2H20 

1.05 

7.58 

7.96 

(NH4)2CuCl4.2H20 

1.05 

7.9 

8.3 

(NH4)2CuBr4.2H20 

1.06 

7.45 

7.88 

K2CuCl4.2H20 

1.09 

7.50 

8. 16 

H49 

(NH4)2FeCl4.2H20 

0.403 

10.40 

4.19 

Pt(NH3)sCl2.H20 

0.423 

10.21 

4.31 

H4n 

Pd(NH3)4Cl2.H20 

0.753 

8.43 

6.35 

HSs 

Ag2SOs.4NH3 

2.95 

6.99 

20.63 

H5io 

Ca(U02)2(P04)2.10‘AH20 

1.21 

6.98 

8.42 

La2(MoOs) 

Ca(U02)2(P04)j.6‘AH20 

i 

2.18 

5.32 

11.60 

Pr2(MoOs)« 

2.19 

5.29 

11.58 

Ndi(Mo04)> 

2.21 

5.33 

11.78 

CeRMoOsH 

2.21 

5.35 

11.84 

La2(MoOs)3 

2.23 

5.22 

11.62 

NaBaPOs 

SmRMoOsH 

0.847 

9.76 

8.27 

NaBaPOs 

0.848 

9.84 

8.34 

KBaPOs 

0.857 

9.25 

7.93 

NaSrPOs 

0.859 

9.50 

8.16 

Jl. 

KSrPOs 

1.25 

6.99 

8.75 

K20s02CU 

1.50 

6.97 

10.43 

Jin 

AgCo(NH3)2(N02)s 

0.974 

8.12 

7.91 

AgSb(OH), 

0.984 

8.01 

7.88 

J3i 

NaSb(OH). 

1.14 

15.84 

18.01 

K3T1C1«.2H20 

1.15 

16.95 

19.45 

K3i 

Rb3TlBrs.8/7H20 

1.58 

9.18 

14.47 

CssCoCls 

1.61 

8.7 

14.0 

Rb3CoCls 

c 


a 

a,  kX 

c,  kX 

K3, 

Substance 

1.71 

8.39 

14.34 

NHsPb2Brs 

1.72 

8.41 

14.5 

RbPbgBrs 

1.73 

8.14 

14.1 

K7, 

KPb2Brs 

1.48 

7.01 

10.36 

K7« 

NasAlaFis 

1.45 

7.49 

10.87 

Cs2AuAuC1i 

1.49 

7.38 

11.01 

K3CrOs 

Cs2AgAuCl6 

1.13 

6.70 

7.60 

KaCrOs 

1.13 

7.37 

8.34 

CssTaOs 

1.14 

7.05 

8.05 

RbjTaOs 

1.16 

6.78 

7.86 

KsCbOs 

1.16 

6.78 

7.88 

LiBijOsCI2 

KaTaOs 

3.13 

3.840 

12.03 

LiBhOsCU 

3.13 

3.877 

12. 13 

NaBisOsCh 

3.20 

3.925 

12.55 

NaBijOsBri! 

3.20 

3.943 

12.62 

Cd2Bi20sBr2 

3.22 

3.876 

12.47 

LiBis04Br2 

3.34 

3.970 

13.24 

Cd2Bi2OsI2 

3.34 

3.990 

13.31 

NaBi304l2 

3.35 

3.941 

13.19 

L10 

LiBi3C>4l2 

0.825 

3.89 

3.21 

NiZn 

0.935 

3.98 

3.72 

AuCu 

0.966 

3.85 

3.72 

FePd 

0.967 

3.66 

3.54 

S2s 

NiMn 

0.757 

15.63 

11.83 

S52 

CaioMg2Al4Si9034(OH)4 

1.76 

9.00 

15.84 

S5s 

KCasSig02oF.8H20 

0.637 

7.83 

4.99 

Ca2ZnSi20? 

0.651 

7.76 

5.05 

(Ca,  Na)2(Mg,  A1)(A1,  Si)207 

0.655 

7.75 

5.08 

Ca-AliSiO; 

0.659 

(7.47) 

(4.92) 

(Ca,  Na).Be(Al,  Si)2(0,  F)7 

0.675 

(7.38) 

(4.98) 

S6s 

(Ca,  Na)2BeSi2(0,  OH,  F)7 

0.624 

12.27 

7.66 

Ca4AUSi6024(S04,  C03) 

0.627 

12.09 

7.58 

OB  11 

NasAlaSi.OMCl 

0.632 

9.18 

5.80 

OB20 

N(CH3)sICl2 

1.72 

5.09 

8.76 

CH3NH3Br 

1.75 

5. 11 

8.96 

CH3NH3I 

2.95 

5.18 

15.3 

CsHsNHsI 

2.96 

5.02 

14.85 

CsHaiNHsCl 

3.03 

5.02 

15.23 

CsHsNHsBr 

3.33 

5.01 

16.7 

CsHnNHsCl 

3.35 

5.16 

17.3 

CsHi,NH3I 

3.40 

5.00 

17.0 

CsHnNHsBr 

3.78 

5.16 

19.50 

CsHisNHal 

3.93 

4.98 

19.55 

C.Hi«NH3C1 

4.02 

4.93 

19.8 

CsHuNHaBr 

4.15 

5.18 

21.5 

C7H,sNHjI 

4.25 

4.96 

21.1 

CjHisNHjCI 

4.58 

5.18 

23.7 

CsHuNHsI 

5.42 

5.18 

28.1 

Ci.H22NH3I 

5.88 

5.18 

30.46 

ChHmNHjI 

6.03 

5. 18 

31.24 

OB21 

Ci2H2,NH,I 

1.20 

4.28 

5.13 

CHsNHaCl 

1.51 

4.85 

7.33 

CiH,NHjI 

1.58 

4.48 

7.10 

CiHjNHjCI 

1.61 

4.57 

7.36  CjH;NHsBr 

OB25  and  OHOi 

0.711 

7.78 

5.53 

N(CH3)sC1 

0.712 

8.44 

6.01 

N(CH3)4MnOs 

0.713 

7.76 

5.53 

N(CH3)sBr 

0.722 

8.28 

5.98 

N  (CHjJsClOs 

0.724 

7.94 

5.75 

T1(CHj)2I 

N(CH3)sI 

2.81 

4.78 

13.43 

T1(CHj)2I 

3.08 

4.47 

13.78 

Tl(CH»)2Br 

3.27 

4.29 

14.02 

T1(CH3)2C1 

( Continued,  on  page  89) 
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Figure  2.  Representative  Diffraction  Patterns  of  Tetragonal  Structures 
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Table  III  ( Continued ) 

c 

a 

i,  kX 

c,  kX 

Substance 

c 

a 

■i,  kX 

c,  kX 

Substance 

OGU 

04, j 

0.451 

16.1 

7.26 

[(CH3)3As,  PdCli], 

1.44 

6.09 

8.76 

C(CHiOH), 

0.451 

16.6 

7.48 

[(CH3)3As,  PdBr2], 

05 

OJ1, 

0.457 

12.1 

5.53 

C(CH2OCOCH3). 

L.  42 

7.88 

11.19 

[N(CH3),]2SiF, 

06 

((CHi)iSiO]s 

0.533 

12.15 

6.48 

Pb(Q,H,). 

0.613 

13.95 

8.55 

[(CH3)2SiO], 

0.544 

11.90 

6.47 

Sn(C,Hs), 

0.591 

11.60 

6.85 

Ge(C,H,), 

Olt 

0.612 

11.44 

7.00 

Si(C#H,), 

0.645 

11.09 

7.15 

C(CeHs), 

0.396 

10.37 

4.11 

[CHsCHO], 

0.713 

(9.38) 

(6.69) 

C(CHjONOi). 

02, 

0.427 

12.59 

5.37 

Ag(CH3.CS.NH2),Cl 

0.444 

12.43 

5.52 

Cu(CH,.CS.NH2),Cl 

Table  IV. 

Tetragonal  Substances  Tabulated  According  to  Axial  Ratios 

Table  IV  lists  447  tetragonal  substances  arranged  in  ascending  order  of 

the  smaller 

lattice  constants  is 

listed  first.  Column  4  also  includes  space 

their  axial  ratios.  If  two  substances  have  the  same  value  for  e/a,  the  one  with 

group  data  where  no 

definite  structure  has  been  established. 

c 

a 

a,  kX 

c,  kX 

Type 

Substance 

c 

a 

a,  kX 

c,  kX 

Type 

Substance 

0.311 

12.2 

3.79 

Na«).2-o.4)W  O3 

0.645 

4.68 

3.02 

C4 

RhTa04 

0.367 

11.44 

4.20 

S|-I4 

Cd[Hg(CNS),] 

0.645 

11.09 

7.15 

06 

C(C,H,), 

0.394 

0.396 

11.09 

10.37 

4.37 

4. 11 

SJ-I4 

Oli 

Co[Hg(CNS),] 

[CHsCHO], 

0  649 
0.649 
0.650 

4.41 

4.64 

4.63 

2.86 

3.01 

3.01 

C4 

C4 

€4 

Cr02 

CrCb04 

CrTa04 

0.401 

11.06 

4.43 

Si-14 

Zn[Hg(CNS),] 

0.651 

4.39 

2.86 

C4 

Ge02 

0.403 

10.40 

4.19 

H4» 

Pt(NH3),Cl2.H20 

0.651 

4.67 

3.04 

C4 

FeTa04 

0.417 

10. 12 

4.22 

Be-(W,Mo) 

0.651 

7.76 

5.05 

S5, 

(Ca,Na)2(Mg,Al;- 

0.422 

10.21 

4.31 

H4s 

Pd(NH3),Cl2.H20 

(Al2Si)207  melilite 

0.427 

12.59 

5.37 

02, 

Ag(CH3.CS.NH2),Cl 

0.652 

4.40 

2.87 

C4 

Mn02 

0.429 

14.6 

6.26 

MgPt(CN),.7H20 

0.652 

4.62 

3.01 

C4 

FeSbO, 

0.444 

12.43 

5.52 

02. 

Cu(CH3.CS.NH2),Cl 

0.652 

4.68 

3.05 

C4 

FeCbO, 

0.451 

16. 1 

7.26 

OGls 

RCH3)3As,  PdCI2]2 

0.655 

7.75 

5.08 

S5, 

Ca2Ai2SiOj,  gehienite 

0.451 

16.6 

7.48 

OGli 

r(CH3)3As,  PdBnli 

0.656 

4.51 

2.96 

C4 

AlSbO, 

0.457 

12.1 

5.53 

05 

C(CH2OCOCH3), 

0.659 

4.64 

3.06 

C4 

MgF2 

0.464 

8.12 

3.77 

.  .  . 

CS|(~100°  K.) 

0.659 

(7.47) 

(4.92) 

S5, 

(Ca,Na)2Be(Al,Si)2- 

0.487 

18.8 

9. 15 

C|rI4,/a 

C,H,[l,2]CH3.SOiNH) 

(0,F)7,meliphanite 

0.490 

9.09 

4.45 

Fe3P 

Fe3P 

0.660 

4.59 

3.03 

C4 

GaSb04 

0.491 

9.01 

4.42 

Fe3P 

(Fe,Ni,Co)3P 

0.660 

4.71 

3.11 

C4 

NiF2 

0.492 

8.92 

4.39 

Fe3P 

Ni3P 

0.664 

4.58 

3.04 

C4 

CrSb04 

0.495 

7.56 

3.74 

0.665 

4.72 

3.14 

C4 

ZnF2 

0.499 

9. 13 

4.56 

Fe3P 

Cr3P 

0.667 

6.011 

4.009 

B25 

NH,SH 

0.502 

9.16 

4.60 

FesP 

,\In3P 

0.672 

4.72 

3.17 

C4 

Sn02 

0.502 

13.30- 

6.69- 

E2, 

KMg(HiO),(Cl.Brl, 

0.674 

4.60 

3.10 

C4 

KhSb04 

13.52 

6.78 

0.675 

(7.38) 

(4.98) 

S5, 

(Ca,Na)2BeSi2- 

0.514 

34.04 

17.49 

D^-P4/mn7n 

NaK(Ca,Mg,Mn)- 

(0,OH,F)7,  leuco- 

Al,Sis0i8.8H20, 

0.678 

4.87 

3.30 

C4 

phanite 

MnF2 

0.518 

0.533 

0.536 

5.56 

12.15 

12.78 

2.88 

6.48 

6.85 

06 

C  4®-I4i/ a 

CdHg 

Pb(C.Hs), 

CHiOH(CHOH)r 

0.679 

0.683 

0.684 

0.684 

4.70 

4.95 

8.22 

12.32 

3.19 

3.38 

5.62 

8.43 

C4 

C4 

PbPbiO, 

CoF2 

PbOi 

NiAs20< 

C(CH2OC,H,). 

0.541 

26.60 

CHiOH 

0.686 

4.93 

3.38 

C4 

PdF2 

14.40 

(C6H,[1,2]0.- 

0.687 

8.592 

5.905 

PbPbiO, 

FeSb204 

0.544 

11.90 

6.47 

06 

CH=NOH)2Pt 

0.689 

8.685 

5.980 

PbPbjO, 

MnSb204 

Sn(C,H6), 

0.690 

4.51 

3.11 

C4 

Ru02 

0. 546 

5.819 

3. 175 

A5 

/3-Sn 

0.696 

4.83 

3.36 

C4 

FeF2 

0.550 

10.81 

5.94 

El, 

[PNCli], 

0.696 

8.49 

5.91 

PbPb20, 

CoSb204 

0.550 

12.17 

6.69 

AgClOi 

0.697 

8.491 

5.920 

PbPbiO, 

ZnSb204 

0.552 

7.82 

4.32 

C4 

ZnHg(CNS). 

0.699 

4.49 

3.14 

C4 

Ir02 

0.  570 

(4.86) 

(2.77) 

\vo2 

0.699 

8.445 

5.907 

PbPbiO, 

MgSb204 

0. 574 

(4.86) 

(2.79) 

C4 

M002 

0.707 

4.51 

3. 19 

C4 

Os02 

0.582 

7.04 

4.  10 

HI, 

KiPdCl, 

0.707 

6.18 

4.37 

B25 

■y-NHJ 

0.582 

12.19 

7.09 

s?-i4 

(C»H,),AsI 

0.708 

8.35 

5.91 

PbPbjO, 

NiSb20, 

0.591 

6.99 

4.  13 

HI, 

K2PtCl, 

0.709 

5.70 

4.04 

B25 

7-NHiBr  (^,173°  R  ) 

0.591 

7.21 

4.26 

HI, 

(NH,)2PdCl, 

0.711 

7.78 

5.53 

OB25 

N(CH3),C1 

0.591 

11.60 

6.85 

06 

Ge(C«H6)4 

0.712 

8.44 

6.01 

OB25 

N(CHs),MnO, 

0.593 

6.31 

3.74 

F5, 

NH,C102 

0.713 

7.76 

5.53 

OB25 

N(CH3),Br 

0.603 

9.22 

5.56 

NaiCo(CNS)4.8H20. 

0.713 

(9.38) 

(6.69) 

06 

C(CH2ON02), 

0.605 

julienite 

0.715 

8.56 

6. 12 

A18 

Cl,  (88°  K.) 

8.35 

5.05 

C47 

SeCb 

0.718 

10. 15 

7.29 

D|-P422, 

OSO5C4  (C  H3)  8 

0.612 

11.44 

7.00 

06 

Si(CeH5)4 

0.718 

12.04 

8.65 

Ca(0Cl)2.3H20 

0.613 

13 . 95 

8.55 

[(CH,)iSiO)s 

[(CH3)2SiO]8 

0.722 

8.28 

5.98 

OB25 

N(CH3),C10, 

0.617 

4.81 

2.97 

C4 

Cb02 

0.722 

8.72 

6.30 

PbPbiO, 

SnPb204 

0.622 

(5.72) 

3.56 

Ci„-I4/m 

Ni,Mo 

0.724 

7.94 

5.75 

OB25 

N(CH3),I 

0.624 

12.27 

7.66 

S6, 

C  aiAUSi.On  (SO,,  C  0») 

0.729 

6.34 

4.62 

B25 

PH, I 

0.627 

meionite 

0.731 

16.53 

12.09 

Cd3Hg 

12.09 

7.58 

S6, 

Na,Al3Si.02,Cl, 

0.739 

10.76 

7.95 

Na2(TiFe)Si40n, 

marialite 

narsarsukite 

0.632 

9. 18 

5.80 

OB11 

N(CH3),IC12 

0.742 

8.85 

6.57 

PbPbiO, 

PbPbiO, 

0.633 

4.61 

2.92 

C4 

RhVO, 

0.752 

9.74 

7.32 

CusPd 

0.634 

4.54 

2.88 

C4 

V02 

0.753 

8.43 

6.35 

H4n 

Ag2S04.4NH3 

0.637 

7.83 

4.99 

S5, 

Ca2ZnSi207, 

0.757 

15.63 

11.83 

S23 

CaioMgiAhSiiOMtOH),, 

0.642 

4.69 

hardystonite 

vesuvianite 

3.01 

C4 

RhCbO, 

0.644 

4.58 

2.95 

C4 

TiOi 

( Continued,  on  page  91) 
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Table  IV  (Continued) 


e 


a 

a,  kX 

c,  kX 

Type 

Substance 

0.770 

9.12 

7.02 

Clh-Vi?/m 

CICOOCH,), 

0.773 

13.2 

10.2 

LaAU 

0.780 

10.45 

8. 14 

C2(CH,)1Br2 

0.784 

8.87 

6.95 

N(C2H6)4I 

0.787 

(4.79) 

(3.77) 

C4 

TeO, 

0.803 

9.29 

7.46 

CJfc-P4/n 

PCls 

0.806 

6.052 

4.878 

C16 

AljCu 

0.814 

6.52 

5.31 

C16 

Sn2Fe 

0.818 

6.647 

5.434 

C16 

Sn2Mn 

0.821 

15.6 

12.8 

2-Hydroxy-10-methoxy- 
1,2,3,4,5,6,7,8,13,14,- 
1 5-dodecahydrochry- 
sene 

0.825 

3.89 

3.21 

L10 

NiZn 

0.830 

11.2 

9.3 

Dfd-P42ic 

Si[SC(CH,)3]< 

0.830 

11.2 

9.3 

D|i-P42,c 

Ge[SC(CH,)3]4 

0.830 

11.2 

9.3 

D|d-P42i  c 

Sn[SC(CH3)3]4 

0.832 

5.099 

4.240 

C16 

Fe2B 

0.838 

11.1 

9.3 

(CH3)2CHS  - 
Si[SC(CH3)3]3 

0.841 

5.006 

4.212 

C16 

Co2B 

0.846 

5.899 

4.991 

C16 

Ge2Fe 

0.847 

9.76 

8.27 

NaBaPO, 

NaBaP04 

0.848 

9.84 

8.34 

NaBaPOt 

KBaPO, 

0.851 

4.980 

4.236 

C16 

Ni2B 

0.852 

6.835 

5.821 

C16 

Pb2Pd 

0.857 

6.348 

5.441 

C16 

SmCo 

0.857 

9.25 

7.93 

NaBaPO, 

NaSrPO, 

0.859 

9.50 

8. 16 

NaBaPOi 

KSrPO. 

0.867 

7.13 

6.18 

HOj 

YVO, 

0.871 

5.74 

5.00 

go9- 

NH.NOa-II 
(357-398°  K.) 

0.873 

8.02 

7.00 

B37 

TISe 

0.874 

7.25 

6.34 

HO, 

CaCrO, 

0.880 

(6.32) 

(5.56) 

(E62) 

Sr02.8H20 

0.880 

6.651 

5.853 

06 

Pb2Rh 

0.880 

(11.36) 

(9.96) 

AgaCa 

YPO, 

0.888 

6.87 

6.10 

HO, 

0.895 

4.96 

4.44 

~ZrH, 

0.901 

6.58 

5.93 

HO, 

ZrSiO, 

0.904 

6.13 

5.54 

D^-P4/nmm 

CuB204.CuCl2.4H20, 

bandylite 

0.906 

(6.41) 

(5.81) 

(E6i) 

Sr(0H)2.8H20 

0.910 

6.89 

6.27 

HO, 

YAsO, 

0.917 

5.83 

5.35 

~MnBi2 

0.921 

9.69 

8.92 

FU 

Hg(CN)2 

0.930 

4.85 

4.51 

PbIn2-3 

0.933 

8.48 

7.91 

C^-14/m 

AgClOa 

0.934 

10.58 

9.88 

(Ca,Na)2Be(Si,Al)2- 

(0,F)7,melipbanite 

0.935 

3.98 

3.72 

L10 

AuCu 

0.936 

3.774 

3.533 

A6 

1-Mn 

0.936 

7.61 

7. 12 

H2.> 

KHaAsO, 

0.937 

5.83 

5.46 

CJ,-P4  m  m 

2Pb(OH)2.CuCl2, 

diaboleite 

0.938 

7.43 

6.97 

H2; 

KH2P04 

0.941 

8.59 

8.08 

AgBrO, 

0.948 

(3.85) 

(3.65) 

W12032(0H)2 

0.952 

3.76 

3.58 

A6 

95Mn.5Cu 

0.960 

3.77 

3.62 

96Mn.4Pd 

0.962 

3.767 

3.624 

A6 

89Mn.llCu 

0.962 

4.18 

4.02 

~70Mo-30N 

0.966 

3.85 

3.72 

Lib 

FePd 

0.967 

3.66 

3.54 

L10 

NiMn 

0.971 

4.20 

4.08 

62Mn.38N 

0.974 

8. 12 

7.91 

jiii 

AgSb(OH), 

0.975 

8.00 

7.80 

trans-Pd(NHs)2Cl2 

0.976 

3.77 

3.68 

92Mn.8N 

0.977 

8.7 

8.5 

Pd(NH3)2I2 

0.981 

3.764 

3.693 

A6 

79Mn.21Cu 

0.984 

8.01 

7.88 

Jin 

NaSb(OH)« 

0.986 

(3.61) 

3.56 

Ni,Mo 

0.998 

3.752 

3.744 

A6 

66Mn.34Cu 

1.00 

6.34 

6.34 

(E3i) 

AgaHgL 

1.003 

7.52 

7.54 

H2; 

NHaHjPO, 

1.005 

7.70 

7.74 

H2-: 

NHaHaAsO, 

1.01 

3.99 

4.02 

E2, 

BaTiOs 

1.01 

4.96 

5.03 

(L12) 

SrPba 

1.01 

(6.08) 

(6.14) 

(E3i) 

Cu2HgI4 

1.02 

5.07 

5.16 

Zr02  (<1273°  K.) 

1.02 

6.29 

6.42 

CJ-P4 

PtlNHabPtCL 

1.02 

7.81 

8.00 

H4i 

Rb2CuCl4.2H20 

1.03 

6.37 

6.58 

B34 

(Pd,  Pt,  Ni)S 

1.04 

5.79 

6.00 

~Ni,Sb 

1.04 

6.35 

6.60 

B34 

PdS 

1.04 

10.29 

10.55 

Mg(C102)2.6H20 

1.04 

10.64 

11.07 

Dl'°-I4,2 

Cr2Ni 

1.05 

7.58 

7.96 

H4i 

(NH4)2CuCl4.2H20 

1.05 

7.9 

8.3 

H4, 

(NH4)2CuBr,.2H20 

1.05 

12.95 

13.65 

C«vI4,/a 

KAlSi20«,  leucite 

1.06 

2.84 

3.01 

a-Martensite 

1.06 

3.89 

4.13 

(E2i) 

PbTiOa 

1.06 

7.45 

7.88 

H4i 

K2CuCU.2H20 

1.06 

22.0 

23.3 

A12Ci20i2.18H20, 

mellite 

1.08 

4.585 

4.937 

A6 

In 

1.09 

7.50 

8. 16 

H4i 

(NH4)2FeCl4.2H20 

1.09 

8.13 

8.83 

Phosgenite 

Pb2Cl2C03 

1.09 

8.34 

9.06 

Phosgenite 

Pb2Br2C03 

1.13 

6.70 

7.60 

KsCrOa 

KaCrOs 

1.13 

7.37 

8.34 

KjCrOg 

CS3T  aOa 

1.14 

(5.33) 

(6.08) 

AgFOa 

1.14 

7.05 

8.05 

KsCrOs 

RbaTaOs 

1.14 

15.84 

18.01 

J3i 

KaTlCl6.2H20 

a 

a,  kX 

c,  kX 

Type 

Substance 

1.15 

6.27 

7.22 

Cll 

Cs02 

1.15 

16.95 

19.45 

J3i 

Rb3TlBri.8/7H20 

1.16 

5.99 

7.02 

Cll 

Rb02 

1.16 

6.07 

7.03 

F52 

KNCO 

1.16 

6.09 

7.06 

F52 

KNa 

1.16 

6.78 

7.86 

KaCrOs 

KaCbOs 

1.16 

6.78 

7.88 

K,CrOs 

KaTaOs 

1.17 

2.75 

3.21 

L10 

NiZn 

1. 17 

6.36 

7.41 

F52 

RbNa 

1.18 

5.70 

6.73 

Cll 

ko2 

1.20 

Cll 

UC2 

1.20 

4.28 

5.13 

OB21 

CHaNHaCl 

1.20 

5.67 

6.81 

F52 

KFHF 

1.21- 

1.31 

4.05- 

3.98 

4.90- 

5.10 

D^-P4/nmm 

PbO-Bi20, 

1.21 

6.98 

8.42 

H5io 

Ca(U02)2(P04)2.6- 

1/2H20 

1.22 

3.55 

4.33 

B10 

LiOH 

1.25 

6.99 

8.75 

JU 

KaOsOaCU 

1.26 

3.36 

4.25 

a-L,Bi 

1.26 

3.98 

5.01 

B10 

PbO 

1.26 

12.43 

15.6 

Ca4NaAlaSibOi9, 

sarcolite 

1.27 

3.80 

4.81 

BIO 

SnO 

1.28 

(4.14) 

(5.28) 

Cll 

ThC2 

1.28 

8.81 

11.27 

C2(CHa)2Br4 

1.28 

11.70 

14. 95 

FeafTeOaJa.xHaO, 

mackayite 

1.29 

8.97 

11.55 

T)\h-Vi/mcc 

Sr(0H)2.8H20 

1.32 

2.669 

3.533 

A6 

7-Mn 

1.32 

2.78 

3.66 

Ni-N 

1.32 

2.81 

3.72 

LIO 

AuCu 

1.32 

7.22 

9.53 

C4H4S  (~100°  K.), 
thiophene 

1.33 

4.73 

6.29 

5PbCr04.3PbMo04.- 

lOPbSO, 

1.35 

2.66 

3.58 

A6 

95Mn.5Cu 

1.35 

3.24 

4.38 

NaBi 

Mgln 

1.35 

7.38 

9.96 

... 

(Ca.Na)2BeSi2(0,OH,F)7, 

leucophanite 

1.36 

2.66 

3.62 

A6 

89Mn.llCu 

1.36 

7.57 

10.28 

T>\l-U/amd 

Ba(CH2COO)2 

1.37 

2.59 

3.54 

LIO 

NiMn 

1.37 

2.72 

3.72 

LIO 

FePd 

1.39 

2.66 

3.69 

A6 

79Mn.2lCu 

1.39 

3.46 

4.80 

NaBi 

NaBi 

1.40 

4.96 

6.92 

C30 

SiOa 

1.40 

8.75 

12.28 

D5s 

CdaPa 

1.41 

2.65 

3.74 

A6 

66Mn.34Cu 

1.41 

5.00 

7.06 

C30 

A1P04 

1.41 

5.48 

7.74 

... 

Li202 

1.41 

8. 10 

11.39 

NisSb, 

1.41 

8.10 

11.45 

D5» 

ZnaP2 

1.41 

8.32 

11.76 

DS» 

ZnaAsa 

1.41 

8.95 

12.65 

D59 

CdaAs2 

1.42 

7.88 

11.19 

OJ1. 

[N(CHa)4]2SiFs 

1.43 

12.83 

18.38 

D\h-~P4/mnc 

B2Oa.24WOa.66H20 

1.43 

12.98 

18.52 

H4SiW,204o.31H20 

1.44 

6.09 

8.76 

04 12 

CfCHiOH), 

1.44 

12.80 

18.40 

(NH4)sBW,204(i.26H20 

1.45 

7.49 

10.87 

K7s 

Cs2AuAuC1s 

1.45 

9.50 

13.81 

D1.-P4 /mmm 

CuC1.3SC(NH2)2 

1.46 

5.548 

8.093 

do22 

TiGa3 

1.46 

(7.74) 

(11.31) 

HO, 

Y(Cb,  Ta) 04 

1.46 

(7.76) 

(11.32) 

HO, 

YCbO, 

1.47 

3.77 

5.52 

BIO 

FeSe 

1.47 

(7.75) 

(11.41) 

HO, 

YTaO, 

1.48 

5.85 

8.68 

(HI,) 

CuFe2C>4 

1.48 

7.01 

10.36 

K7, 

NasALFi, 

1.49 

6.65 

9.91 

Na202 

1.49 

7.38 

11.01 

K7« 

CsaAgAuCle 

1.50 

6.97 

10.43 

JU 

AgCo(NHa)2(N02)4 

1.51 

4. 14 

6.25 

Pb(C102)2 

1.51 

4.85 

7.33 

OB2-1 

C3H7NH3I 

1.52 

3.24 

4.94 

A6 

In 

1.52 

4.459 

6.796 

HO, 

BAsO, 

1.53 

3.992 

6.091 

C38 

CuaSb 

1.53 

4.332 

•  6.640 

HO: 

BPO, 

1.55 

5.605 

8.712 

do22 

ZrGa3 

1.56 

5.334 

8.305 

DOi: 

VAla 

1.56 

9.07 

14.12 

C|v-P4 cc 

[N  (CHa)2(C2H»)2],SnCli 

1.57 

5.17 

8.12 

~FeaTi 

1.57 

5.422 

8.536 

do22 

TaAla 

1.58 

4.48 

7.10 

OB21 

C3H7NH3CI 

1.58 

5.425 

8.579 

DOb 

TiAla 

1.58 

5.427 

8.584 

DOa 

CbAla 

1.58 

6.20 

9.82 

(Hli) 

Caln204 

1.58 

9. 18 

14.47 

K3 , 

CsaCoCla 

1.59 

5.74 

9.15 

(HI,) 

ZnMnaO, 

1.61 

4.08 

6.56 

C38 

Mn2Sb 

1.61 

4.39 

7.05 

Cll 

BaC2 

1.61 

4.57 

7.36 

OB21 

CaHaNHaBr 

1.63 

6.12 

9.87 

(HU) 

CdlmO, 

1.61 

8.7 

14.0 

K3, 

RbaCoCla 

1.61 

4.11 

6.68 

Cll 

SrC, 

1.63 

15.0 

24.4 

D^-14/mmm 

~PbCl2.Cu(OH)2, 

cumengeite 

1.64 

5.75 

9.42 

(HU) 

MnMnjOi 

1 . 65 

3.627 

5.973 

C38 

Fe2As 

( Continued  on  page  93) 
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Table  IV  (Continued) 


G 


3 

a ,  kX 

c,  kX 

Type 

Substance 

1.65 

3.82 

6.30 

Cll 

NdC2 

1.65 

3.87 

6.37 

Cll 

CaC2 

1.65 

4.38 

7.22 

EO, 

BaFC) 

1.66 

3.85 

6.38 

Cll 

PrCg 

1.67 

3.54 

5.91 

Cll 

Ca02 

1.67 

3.75 

6.28 

Cll 

SmC2 

t.67 

3.76 

6.27 

C38 

Mn2As 

t.  67 

3.87 

6.48 

Cll 

CeCi 

1.67 

3.92 

6.55 

Cll 

LaC2 

1.68 

4. 10 

6.88 

EOi 

SrFCl 

1.68 

9.93 

16.70 

I-Co(NH2.CH2.CH,.- 

NH2)3Br3.H20 

1.69 

5.83 

9.88 

T>\l-U/amd 

6CuO.Cu20,  paramela 

conite 

1.71 

4.65 

7.93 

EOi 

BAFI 

t.  71 

8.39 

14.34 

K3, 

NH,Pb2Br, 

L.72 

5.09 

8.76 

OB20 

CHjNHgBr 

l.  72 

8.41 

14.5 

K3, 

RbPb2Bri 

1.73 

3.55 

6.14 

HOg 

KA1F, 

1.73 

3.62 

6.26 

HOg 

RbAlF, 

1.73 

8. 14 

14.1 

K3, 

KPbzBr, 

t.  74 

3.03 

5.26 

B17 

PdO 

1.75 

3.613 

6.333 

C38 

Cr2As 

l.  75 

5. 11 

8.96 

OB20 

CHaNHgl 

1.76 

3.03 

5.32 

B17 

PtO 

L.  76 

3.47 

6. 10 

B17 

PtS 

t.  76 

3.61 

6.37 

HOg 

T1A1F, 

1.76 

3.89 

6.83 

EO! 

CaFCl 

1.76 

4.09 

7.21 

EOi 

PbFCl 

1.76 

9.00 

15.84 

S5j 

KC  a,Sis02<iF.8H20. 

HOg 

apophyllite 

1.77 

3.59 

6.35 

NH,A1F, 

1.79 

3.78 

6.77 

Cll 

Ba02 

1.79 

14.38 

25.80 

Di°-I4i2 

KU02(CH3C00)g 

1.81 

5.72 

10.37 

a-Pt(NH3)2Cl, 

1.82 

4.18 

7.59 

EOi 

PbFBr 

1.82 

5.66 

10.30 

Eli 

AgFeS2 

1.83 

4.16 

7.61 

Dj°-P4 /mcm 

NH,CN 

1.84 

10.7 

19.7 

(C2Hs)3As.AgI 

1.85 

3.55 

6.55 

Cll 

Sr02 

1.89 

3.89 

7.37 

EOi 

BiOCl 

L.89 

4.19 

7.94 

E2, 

NH,HgClg 

1.90 

2.69 

5.10 

FeSb 

l.  94 

4.70 

9.10 

FeTajOg 

NiTa20g 

1.94 

4.71 

9.12 

FeTa2Og 

Fe(Cb,Ta)2Og,  mossite 

L.  94 

4.73 

9. 16 

FeTa2Og 

CoTaaOg 

l.  95 

4.70 

9. 18 

FeTagOg 

MgTaaOg 

1.95 

4.71 

9.18 

FeTagOg 

FeTa2Og,  tapiolite 

1.95 

7.80 

15.23 

... 

Pb(Cl,OH)24PbO.- 

2Fe203,  hamatophan- 
ite 

1.97 

(4.28) 

(8.42) 

Cll 

KHC» 

l.  97 

5.26 

10.37 

Eli 

CuFeS2,  chalcopyrite 

1.97 

5.46 

10.73 

H2g 

Cu2FeSnS,,  stannite 

1.98 

13.99 

27.70 

Dj°-I4i2 

KU02(CH3C00)1 

l.  99 

4.02 

8.02 

H202 

1.99 

9.50 

18.93 

Vll-U/acd 

3Mn203.MnSi03, 

braunite 

2.00 

13.79 

27.60 

Di°-I4i2 

NH,U02(CH3C00)g 

2.03 

15.4 

31.2 

Pb3Cu,ClioO,.6H20, 

pseudoboleite 

2.06 

2.83 

5.82 

~CuGa2 

2.06 

3.92  . 

8.09 

DO,  j 

TiGa3 

2.07 

3.92 

8. 11 

EOi 

BiOBr 

2.08 

5.42 

11.3 

Dj|-I42d 

(Bi,W)g-nOi2,  russellite 

2.10 

(3.89) 

(8.17) 

Cll 

NaHCg 

2.14 

7.50 

16.05 

D®Ji-P4 /ncc 

BaFeSuOio,  gillespite 

2.15 

5.94 

12.80 

HO, 

NH,IO, 

2.16 

12.98 

28.10 

04,1 

AgU02(CH3C00)g.- 

xH:>() 

2.17 

5. 15 

11.17 

HO, 

CdMoO, 

2.17 

5.24 

11.38 

HO, 

CaWO, 

2.17 

5.35 

11.63 

HO, 

NaLa(WO,)s 

2. 18 

5.32 

11.59 

HO, 

NaCe(WO,)j 

2. 18 

5.32 

11.60 

La2(MoO,)  g 

Pr2(MoO,)3 

2.18 

5.34 

11.63 

HO, 

LiLa(WO,)2 

2.19 

5.23 

11.44 

HO, 

CaMoO, 

2.19 

5.27 

11.55 

HO, 

NaBi(MoO,)s 

2.19 

5.29 

11.58 

La2(MoO,) , 

Nd2(MoO,)3 

2.19 

5.36 

11.72 

HO, 

NaReO, 

2.20 

3.77 

8.31 

DO22 

VA13 

2.20 

3.96 

8.71 

DO22 

ZrGa3 

2.20 

5.23 

11.50 

HO, 

LiBi(MoO,)2 

2.20 

5.31 

11.67 

HO, 

LiLa(MoO,)2 

2.20 

5.33 

11.70 

HO, 

NaLa(MoO,)s 

2.20 

5.40 

11.90 

HO, 

Sr  WO, 

2.20 

5.75 

12.63 

HO, 

KIO, 

2.20 

5.87 

12.94 

HO, 

RblO, 

2.20 

5.87 

12.94 

HO, 

NH,ReO, 

2.21 

5.33 

11.78 

La2(MoO,)  1 

Ce2(MoO,)g 

2.21 

5.35 

11.84 

La2(MoO»)  g 

La2(MoO,)g 

2.21 

5.44 

12.01 

HO, 

PbWO, 

2.21 

5.44 

12.03 

HO, 

KLafWO,). 

c 


a 

3,  kX 

c,  kX 

Type 

Substance 

2.22 

5.38 

11.92 

HO, 

KBi(MoO,)2 

2.22 

5.39 

11.94 

HO, 

KCe(WO,)2 

2.22 

5.62 

12.50 

HO, 

KReO, 

2.23 

3.83 

8.54 

DO22 

TaAl, 

2.23 

5.22 

11.62 

La2(MoO») , 

Sn2(MoO,)3 

2.23 

5.35 

11.92 

HO, 

AgReO, 

2.23 

5.37 

11.96 

HO, 

SrMoO, 

2.23 

5.41 

12.08 

HO, 

PbMoO, 

2.23 

5.42 

12.11 

HO, 

KLafMoO,), 

2.24 

3.836 

8.579 

DO22 

TiAla 

2.24 

3.837 

8.584 

DO2! 

CbAb 

2.24 

5.32 

11.93 

HO, 

NalO, 

2.24 

5.37 

12.01 

HO, 

Agio, 

2.26 

5.62 

12.70 

HO, 

BaWO, 

2.27 

5.80 

13.17 

HO, 

RbReO, 

2.28 

4.01 

9.14 

EOi 

BiOI 

2.29 

5.56 

12.76 

HO, 

BaMoO, 

2.30 

5.08 

11.69 

HO, 

BiAsO, 

2.31 

5.76 

13.33 

HO, 

^-TlReO,  (400°  K.i 

2.32 

5.65 

13.08 

HO, 

KOsOsN 

2.36 

4.92 

11.62 

D3i 

Hg2I2 

2.36 

5.46 

12.89 

HO, 

KCrOsF 

2.36 

10.09 

23.85 

C28H3gN,,  acetonylpyr- 
rol 

2.39 

4.65 

11.10 

D3i 

Hg2Br2 

2.40 

10.0 

24.0 

D^-14/amd 

cis-  [Pt(NH3)(C2H,)CliI2 

2.42 

12.5 

30.25 

6Pb(S,  TI)2.AuT1j.  nag- 
yagite 

2.44 

4.46 

10.89 

D3i 

Hg2CI2 

2.45 

3.21 

7.88 

C20 

WSi2 

2.46 

3.20 

7.86 

C20 

MoSi2 

2.46 

4.53 

11.14 

Dl, 

AliBa 

2.47 

6.29 

15.55 

(CH2C0)2N1 

2.48 

4.45 

11.04 

Dig 

Al,Sr 

2.51 

3.75 

9.43 

C5 

Ti02 

2.52 

5.61 

14. 13 

HO, 

CsSOsF 

2.53 

5.72 

14.50 

HO, 

CsCrOaF 

2.54 

4.35 

11.07 

Dl, 

Al,Ca 

2.68 

7.04 

18.88 

CaNa,Ali2(PO,)8(OH)i8.- 
6H20,  wardite 

2.80 

6.40 

17.95 

D*-P4i2 

CsH,0,N,,  i-spiro-5.5  - 
dihydantoin 

2.80 

6.95 

19.45 

[(NH2)2CNH]2.H2C03 

2.81 

4.78 

13.43 

Ti(CH3)2] 

T1(CH3)2I 

2.82 

7.03 

19.8 

2,4,6(CsH2)I(N02)g 

2.82 

7.25 

20.47 

CgH,[l,2](COC2Hgl2 

2.83 

4.36 

12.36 

Cl'3 

Hgl2 

2.88 

2.998 

8.630 

C48 

Cr2Al 

2.91 

7.05 

20.5 

D|J-I4 /mmm 

Cu(U02)2(PO,)2.8HiO 

torberite 

2.95 

6.99 

20.63 

H5s 

Ca(U02)2(P0,)2. 10i/2 
H20 

2.95 

5.18 

15.3 

OB20 

c,h9nh3i 

2.96 

5.02 

14.85 

OB20 

c,h9nh3ci 

2.98 

3.66 

10.9 

D3i 

Hg2F2 

3.02 

5.96 

17.99 

C2H,(NH2)2.H2S04 

3.03 

5.02 

15.23 

OB20 

C,H9NH3Br 

3.08 

4.47 

13.78 

T1(CH3)2I 

Tl(CH3)2Br 

3.13 

3.840 

12.03 

D*  J-I4/ mmm 

LiBi30,Cl2 

3.13 

3.877 

12. 13 

LiBi30,Cl2 

NaBi30,CI2 

3.16 

5.513 

17.422 

MnSi2 

3.20 

3.925 

12.55 

LiBi30,Cl2 

NaBi30,Br2 

3.20 

3.943 

12.62 

LiBi3OiCl2 

Cd2Bi20,Br2 

3.22 

3.876 

12.47 

LiBi30,Cl2 

LiBi30,Br2 

3.27 

4.29 

14.02 

Tl(CH3hI 

T1(CH3)2C1 

3.33 

5.01 

16.70 

OB20 

CsHuNHaCl 

3.34 

3.97 

13.24 

LiBi30,Cl2 

Cd2Bi20,I2 

3.34 

3.990 

13.31 

LiBaOiCU 

NaBi30,I2 

3.35 

3.941 

13.19 

LiBi30,Cl2 

LiBi30,I2 

3.35 

5. 16 

17.3 

OB20 

CsHuNHal 

3.40 

5.00 

17.0 

OB20 

CsHnNH3Br 

3.47 

4.13 

14.35 

T>^h-li/amd 

ThSi2 

3.68 

5.07 

18.65 

ZnPj 

ZnP2 

3.73 

5.28 

19.70 

ZnP2 

CdP2 

3.78 

5. 16 

19.50 

OB20 

CgHnNHsI 

3.91 

4.09 

15.99 

La2MoOg 

3.93 

4.98 

19.55 

OB20 

CgHi3NH3Cl 

4.02 

4.93 

19.8 

OB20 

CgHnNHaBr 

4.03 

15.4 

62.0 

Pb9CugAg3Cl2iOg.9Hg(  > , 
boleite 

4.15 

5. 18 

21.5 

OB20 

C,Hi6NH3I 

4.25 

4.96 

21.1 

OB20 

C,HisNH3C1 

4.32 

4.003 

17.29 

DO2, 

ZrAl, 

4.58 

5. 18 

23.7 

OB20 

CgHnNHal 

4.59 

7.32 

33.6 

DJ-P4i2, 

/3-methyl  d-glucoside 

5.42 

5.18 

28. 1 

OB20 

CioH2,NH3I 

5.76 

3.78 

21.77 

Beyerite 

5.88 

5. 18 

30.46 

OB20 

C,iH23NH3I 

6.03 

5.18 

31.24 

OB20 

Cl2H2gNH3I 

6.74 

5.7 

38.4 

Ci,Hg02  [2,7]  (NOi)i 
2,7-dinitroanthra- 

quinone 


[End  of  article  on  Diffraction  Data] 


Application  of  Colorimetry  to  the  Analysis  of 
Corrosion-Resistant  Steels 

Photometric  Determination  of  Copper 

OSCAR  I.  MILNER 

Industrial  Test  Laboratory,  United  States  Navy  Yard,  Philadelphia,  Pa. 


Photometric  measurement  of  the  cuprammonium  ion,  Cu(NH3)4++,  is 
best  made  at  580  millimicrons,  where  the  effects  of  ammonia  con¬ 
centration  and  other  ions  that  may  be  present  are  negligible.  Inter¬ 
ference  at  620  millimicrons,  the  region  of  maximum  sensitivity,  is 
significant.  A  rapid  procedure,  applicable  to  low-alloy  and  corro¬ 
sion-resistant  steels,  is  given  and  data  are  presented  in  support  of  the 
validity  of  the  method. 

DURING  an  investigation  of  methods  for  the  determination 
of  low  percentages  of  residual  elements  in  corrosion-re¬ 
sistant  steels  (1,  2,  10,  14),  a  rapid  photometric  determination  of 
copper  was  developed  which  is  more  easily  adapted  to  routine 
use  than  the  usual  gravimetric  o-benzoinoxime  procedure  (6)  or 
that  in  which  copper  is  separated  as  thiocyanate  and  titrated 
iodometrically  (7). 

The  colorimetric  determination  of  copper  by  conversion  to  the 
cuprammonium  ion,  Cu  (NH3)4++,  has  been  used  for  a  number  of 
years  (5,  13,  15).  The  principal  objection  to  the  method  is  that 
the  color  is  a  function  of  the  ammonia  concentration  which,  be¬ 
cause  of  the  volatile  nature  of  the  reagent,  is  not  always  easily 
controlled. 

Mehlig,  in  the  analysis  of  copper  ores  (8),  has  overcome  the 
difficulty  by  destroying  the  color  of  the  ammine  with  cyanide, 
estimating  the  copper  by  the  difference  in  spectrophotometric 
transmission  before  and  after  the  cyanide  addition.  Yoe  and 
Barton  (16)  suggest  the  use  of  less  volatile  triethanolamine  for 
the  photoelectric  measurement  of  the  cuprammonium  color. 
Among  organic  reagents  suggested  for  the  colorimetric  deter¬ 
mination  of  copper,  sodium  diethyldithiocarbamate  (3),  dithizone 
(4),  and  1,10-phenanthroline  (11)  have  been  found  applicable. 

It  was  believed,  however,  that  the  full  possibilities  of  the  use  of 
ammonia  for  the  photometric  determination  of  copper  had  not 
been  explored  and  an  investigation  of  conditions  was  begun. 

SPECTROPHOTOMETRIC  INVESTIGATION 

In  spectrophotometric  studies  previously  made  (9,  16)  it  has 
been  found  that  both  absorption  by  the  copper-ammonia  com¬ 
plex  and  wave  length  of  maximum  absorption  increase  with  the 
ammonia  concentration.  At  the  usual  concentration  of  about 
3  N,  maximum  absorption  is  at  620  millimicrons.  From  one  of 
these  studies  (16),  however,  it  was  observed  that  the  transmis¬ 
sions  of  two  solutions  containing  100  p.p.m.  of  copper  with  am¬ 
monia  concentrations  of  0.4  M  and  2.5  M,  respectively,  coin¬ 
cided  at  about  560  millimicrons.  From  this  it  appeared  that  if 
there  were  a  spectral  band  at  which  the  ammonia  concentration 
had  a  negligible  effect,  the  absorption  of  the  copper-ammonia 
complex  at  such  a  wave  length  could  be  conveniently  utilized  for 
the  accurate  photometric  determination  of  copper.  Accordingly, 
four  solutions  were  prepared,  each  containing  2  mg.  of  copper  (as 
the  sulfate)  and  an  excess  of  ammonium  hydroxide  (0.90  specific 
gravity)  varying  from  5  to  20  ml.  The  solutions  were  diluted  to 
100  ml.  in  flasks  which  were  stoppered  to  prevent  escape  of  am¬ 
monia,  then  rapidly  transferred  to  absorption  cells  and  trans¬ 
missions  immediately  measured  by  a  General  Electric  recording 
spectrophotometer  set  for  a  spectral  band  width  of  10  millimi¬ 


crons.  The  curves  obtained  (Figure  1)  intersected  at  approxi¬ 
mately  580  millimicrons,  but,  in  agreement  with  the  results  of  the 
previous  investigations,  there  were  considerable  differences  in 
the  region  of  maximum  absorption.  The  spectrophotometric 
transmission  measurement  was  repeated  for  two  series  of  solu¬ 
tions  containing  5  and  10  mg.  of  copper,  respectively,  with  anal¬ 
ogous  results  (Figure  1). 

The  absorptions  of  the  solutions  were  then  measured  with  a 
Klett-Summerson  photoelectric  colorimeter,  using  a  filter  with 
maximum  transmission  at  580  millimicrons  and  a  4-cm.  glass 
absorption  cell.  The  galvanometer  scale  readings,  which  are 
logarithmic  on  this  instrument,  were  found  to  be  almost  directly 
proportional  to  the  copper  content.  The  difference  in  colorimeter 
readings  between  solutions  containing  the  same  amount  of  copper 
but  different  ammonia  concentrations  was  negligible.  Measure¬ 
ment  of  the  same  solutions  using  a  filter  with  maximum  transmis¬ 
sion  at  620  millimicrons,  however,  gave  readings  which  decreased 
proportionately  with  a  decrease  in  ammonia  concentration;  a 
solution  containing  the  equivalent  of  0.20%  of  copper  with  a  20- 
ml.  excess  showed  only  0.16%  present  with  a  5-ml.  excess. 

Muller  (12)  found  that  Beer’s  law  holds  for  the  copper-ammonia 
complex  up  to  concentrations  of  about  1  gram  of  copper  per  liter, 
using  a  filter  transmitting  in  the  region  of  maximum  sensitivity. 
The  author’s  series  of  measurements  at  580  millimicrons,  however, 
shows  the  curve  of  concentration  vs.  log  transmission  to  deviate 
slightly  from  linearity  at  concentrations  above  60  mg.  per  liter. 


Figure  1.  Transmittance  of  Ammoniacal  Copper  Solutions 
(4-Cm.  Cell) 


Set  No. 

Copper 

Concentration 

Curve  No. 

NHrOH 

Excess 

A 

Mg. /t00  ml. 

2 

1 

Ml, 

5 

B 

5 

2 

10 

C 

10 

3 

15 

4 

20 
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Table  I.  Determination  of  Copper  in  Steel 


Sample 

Type  of  Steel 

Copper 

Present 

Copper 

Found 

N.B.S.  19d 

Plain  carbon 

% 

0.158 

% 

0.16 

N.B.S.  34a 

Plain  carbon 

0.222 

0.22 

N.B.S.  36a 

Plain  carbon 

0.267 

0.27 

N.B.S.  73a 

14%  Cr 

0.080 

0.08 

N.B.S.  101b 

18%  Cr-9%  Ni 

0.16“ 

0.16 

N.B.S.  121a 

18%  Cr— 10%  Ni 

0.08“ 

0.06 

N.B.S.  133 

0.4%  Ti 

14%  Cr-0.66%  Mo 

0.061 

0.06 

Lab.  No.  T-1757 

20%  Cr— 10%  Ni 

0 . 306 

0.31 

Lab.  No.  T-2284 

4.1%  Mn,  0.22%  Co 
27%  Cr— 22  %  Ni 

0.13& 

0.13 

Lab.  No.  T-2285 

1.8%  Mn 

21%  Cr-11%  Ni 

0 . 25*' 

0.25 

4.6%  Mn,  0.23%  Cb 

“  Provisional  value. 

b  Determined  by  CuCNS— Na2S203-KI  titration  method. 

PRELIMINARY  SEPARATION 

It  was  found  that  the  necessary  preliminary  separation  of  the 
copper  is  most  rapidly  and  conveniently  made  by  precipitating 
as  the  sulfide  with  thiosulfate  (7).  The  copper  precipitate  is 
ordinarily  accompanied  by  some  iron,  manganese,  and  free  sulfur. 
Silica  may  also  separate  out  during  the  dissolution  of  the  sample, 
but  can  easily  be  eliminated  by  a  few  drops  of  hydrofluoric  acid. 
Iron  is  precipitated  upon  the  subsequent  addition  of  ammonia 
and  may  be  filtered  off  prior  to  the  colorimetric  estimation. 
Free  sulfur  and  small  amounts  of  manganese  are  removed  with 
the  iron;  larger  quantities  of  manganese,  that  may  be  coprecipi¬ 
tated  with  the  copper  sulfide  from  special  steels  containing  as 
high  as  4  or  5%  of  this  element,  frequently  escape  immediate 
precipitation  with  the  ammonia  but  come  down  slowly  upon 
standing.  In  this  case,  quantitative  separation  may  be  made  by 
the  addition  of  an  oxidant,  such  as  ammonium  persulfate,  to  the 
ammoniacal  solution. 

In  the  proposed  method,  the  impure  copper  sulfide  precipitate 
is  returned  to  the  original  flask  after  filtration  and  decomposed 
by  the  use  of  a  mixture  of  nitric  and  perchloric  acids,  instead  of 
being  ignited  to  mixed  oxides  and  redissolved  in  nitric  acid. 
Perchlorates  do  not  interfere  with  the  copper-ammonia  color  (.9) ; 
however,  a  minimum  of  perchloric  acid  is  used  to  avoid  formation 
of  slightly  soluble  ammonium  perchlorate  crystals.  The  dis¬ 
solution  of  corrosion-resistant  steels,  especially  those  of  the 
25%  Cr-20%  Ni  types,  frequently  proceeds  slowly  in  sulfuric  acid 
alone.  Accordingly,  a  mixture  of  hydrochloric  and  sulfuric  acids 
is  used  to  dissolve  the  sample. 

APPARATUS  AND  REAGENTS 

Klett-Summerson  Photoelectric  Colorimeter,  Research  model. 

4-Cm.  Glass  Absorption  Cell. 

Glass  Filter,  transmission  maximum  at  580  millimicrons. 

Solvent  Acid  Mixture.  Add  250  ml.  of  concentrated  hydro¬ 
chloric  acid  to  a  mixture  of  600  ml.  of  water  and  150  ml.  of  con¬ 
centrated  sulfuric  acid. 

Sodium  Thiosulfate  Solution,  50%.  Dissolve  500  grams  of  so¬ 
dium  thiosulfate  in  500  ml.  of  water. 

Nitric-Perchloric  Acid  Mixture.  Mix  250  ml.  of  concentrated 
nitric  acid  and  80  ml.  of  perchloric  acid  (70  to  72%). 

Ammonium  Nitrate  Solution,  1%.  Dissolve  10  grams  of  am¬ 
monium  nitrate  in  1  liter  of  water. 

PROCEDURE 

Transfer  5  grams  of  sample  to  a  covered  500-ml.  Erlenmeyer 
flask  and  dissolve  by  warming  gently  with  100  ml.  of  solvent  acid 
mixture.  When  dissolution  is  complete,  remove  the  cover  glass, 
add  a  few  drops  of  hydrofluoric  acid  (48%),  and  boil  for  several 
minutes.  Dilute  to  about  300  ml.,  heat  to  gentle  boiling,  and 
carefully  add  20  ml.  of  sodium  thiosulfate  solution  in  3-  to  5-ml. 
increments.  Continue  the  boiling  until  the  precipitate  is  well 


coagulated  (usually  15  to  20  minutes).  Decant  the  hot  solution 
through  a  coarse  filter,  rinse,  and  wash  well  with  hot  water. 

Return  the  paper  and  precipitate  to  the  original  flask  and  add 
35  ml.  of  nitric-perchloric  acid  mixture.  Swirl  the  flask  until  the 
contents  are  thoroughly  moistened  by  the  acid  mixture.  Heat  at 
a  moderate  temperature  until  the  paper  is  decomposed  and  the 
sulfides  are  oxidized  to  yellow  beads  of  free  sulfur.  Continue  the 
digestion  until  dense  fumes  of  perchloric  acid  are  evolved,  then 
allow  to  cool. 

Add  35  ml.  of  water,  neutralize  with  ammonium  hydroxide, 
and  add  an  excess  of  2  to  3  ml.  Heat  to  boiling.  (If  the  steel  is 
known  to  contain  more  than  1%  of  manganese,  use  an  excess  of 
10  ml.  of  ammonium  hydroxide,  and  add  2  grams  of  ammonium 
persulfate  crystals  to  the  boiling  solution.)  Continue  the  boiling 
for  a  minute  or  two,  testing  with  a  piece  of  litmus  paper  to  ensure 
that  the  solution  is  still  ammoniacal.  Allow  to  cool  to  room  tem¬ 
perature  and  filter  through  a  coarse  filter  paper  into  a  100-ml. 
volumetric  flask.  Add  20  ml.  of  ammonium  hydroxide  to  the 
filtrate.  Rinse  and  wash  with  ammonium  nitrate  solution  until 
the  level  in  the  flask  just  reaches  the  mark.  Stopper,  and  mix 
well. 

Set  the  zero  point  of  the’  colorimeter  with  diluted  ammonium 
hydroxide  (1  to  4).  Transfer  a  portion  of  the  unknown  solution 
to  the  absorption  cell  and  obtain  the  colorimeter  reading.  Con¬ 
vert  to  percentage  of  copper  by  reference  to  a  calibration  curve 
prepared  for  the  instrument  by  the  use  of  portions  of  a  standard 
copper  nitrate  solution. 

ACCURACY  AND  PRECISION 

Application  of  the  method  to  the  determination  of  copper  in 
National  Bureau  of  Standards  and  laboratory  standard  samples 
gave  the  results  shown  in  Table  I.  The  accuracy  is  comparable 
to  that  of  other  commonly  used  procedures.  The  precision  of  the 
method  is  good;  the  average  deviations  for  N.B.S.  samples  73a 
and  101b  were  about  0.002%. 

CONCLUSION 

The  method  is  rapid — a  set  of  12  determinations  can  be  com¬ 
pleted  in  2  hours  after  the  samples  have  been  dissolved.  The 
speed  of  dissolution  varies  with  the  alloy  composition  and  fineness 
of  the  sample;  from  1  to  3  hours  are  required  for  corrosion- 
resistant  steels,  less  for  slightly  alloyed  steels. 

Interference  by  other  elements  is  negligible.  Experiments  have 
shown  that  in  the  analysis  of  corrosion-resistant  steels  no  chro¬ 
mium  or  nickel  is  coprecipitated  with  the  copper  sulfide  even 
when  the  amounts  present  run  as  high  as  25%  of  each.  However, 
small  amounts  of  chromium,  in  the  form  of  undecomposed  car¬ 
bides,  may  accompany  the  copper  sulfide  from  special  corrosion- 
resistant  steels  of  high  carbon  content.  The  subsequent  fuming 
with  perchloric  acid  partially  decomposes  these  carbides  and  oxi¬ 
dizes  the  chromium  to  chromic  acid  which  passes  into  the  filtrate 
with  the  copper- ammine.  The  author  found  that  an  ammoniacal 
copper  solution  containing  1000  parts  of  chromium  (as  chromate) 
per  million  showed  an  error  of  less  than  0.002% — within  the  pre¬ 
cision  of  the  method.  If  desired,  however,  this  slight  interfer¬ 
ence  may  be  completely  eliminated  by  reducing  the  chromium 
with  a  few  drops  of  hydrogen  peroxide  after  the  fuming  with  per¬ 
chloric  acid  and  removing  as  the  insoluble  hydroxide  with  the  iron. 

Although  molybdate  is  included  by  Mehlig  in  a  list  of  interfer¬ 
ing  anions  (9),  there  was  no  measurable  increase  in  absorption  at 
580  millimicrons  upon  the  addition  of  0.075  gram  of  molybdic 
acid  (M0O3)  to  several  of  the  test  solutions.  This  quantity  of 
molybdate  is  equivalent  to  that  formed  from  a  steel  containing 
1%  of  molybdenum,  assuming  100%  coprecipitation  of  molyb¬ 
denum  with  the  copper. 

Tungsten  is  occasionally  present  in  corrosion-resistant  steels  in 
low  residual  amounts.  It  is,  for  the  most  part,  removed  during 
the  course  of  the  analysis;  traces  that  may  remain  do  not  cause 
significant  interference. 
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Colorimetric  Determination  of  Nitrites 

B.  F.  RIDER  with  M.  G.  MELLON 
Purdue  University,  Lafayette,  Ind. 


A  General  Electric  recording  spectrophotometer  and  a  Beckman 
spectrophotometer  were  used  to  determine  the  effect  of  reagent  con¬ 
centration,  order  of  addition  of  reagents,  pH,  temperature,  light,  ni¬ 
trite  concentration,  and  the  presence  of  68  diverse  ions  on  the  reddish 
purple  coloration  produced  by  4-aminobenzenesulfonic  acid  (sul- 
fanilic  acid)  and  1 -aminonaphthalene  (a-naphthylamine)  in  the 
pretence  of  nitrous  acid.  Reliable  determinations  can  be  made  in 
the  range  of  0.025  to  0.600  p.p.m.  of  nitrite  ion  in  a  2-cm.  cell. 
As  little  as  0.0005  p.p.m.  of  nitrite  nitrogen  can  be  determined  by 
the  use  of  24-cm.  Nessler  tubes.  Time  must  be  allowed  for  com¬ 
plete  diazotization  before  the  coupling  agent  is  added.  Diazotiza- 
tion  is  carried  out  in  strongly  acidic  solution  at  room  temperature  in 
diffuse  light,  and  the  system  is  buffered  to  pH  2.0  to  2.5  for 
coupling. 

FOR  decades  small  amounts  of  nitrite  have  been  determined 
colorimetrically.  This  determination  usually  depends  upon 
diazotization  and  coupling  reactions.  Nitrites  react  with  pri¬ 
mary  aromatic  amines  in  acidic  solutions  with  the  formation  of 
diazonium  salts  which  will  couple  with  certain  compounds  to 
form  intensely  colored  azo  dyes. 

Many  procedures  have  been  given  for  the  diazotization  of  4- 
aminobenzenesulfonic  acid  (sulfanilic  acid)  and  coupling  with  1- 
aminonaphthalene  (a-naphthylamine)  ( 1 ,  S,  10,  13).  Wallace 
and  Neave  (18)  proposed  the  use  of  A^iV-dime thy  1-1 -amino- 
naphthalene  as  the  coupling  agent.  This  has  been  used  by 
some  (5,  6).  Bratton  and  Marshall  (3)  investigated  new  cou¬ 
pling  agents  for  diazotized  4-aminobenzenesulfonamide  (sulfanil¬ 
amide)  and  found  N-(l -naphthyl) -ethylenediamine  dihydro¬ 
chloride  most  satisfactory.  Shinn  (15)  and  Kershaw  and  Cham¬ 
berlain  (9)  made  use  of  4-aminobenzenesulfonamide  and  this 
coupling  agent  for  the  determination  of  nitrites. 

This  paper  embodies  the  results  of  an  investigation  of  the  use 
of  4-aminobenzenesulfonic  acid  and  1-aminonaphthalene  which 
is  recommended  by  the  American  Public  Health  Association  (1). 
The  present  investigation  was  undertaken  to  determine  the 
sources  of  error  in  the  method  still  officially  recognized. 

EXPERIMENTAL  WORK 

Apparatus  and  Solutions.  Transmittancy  measurements 
were  made  with  a  General  Electric  recording  spectrophotometer 
operating  with  a  spectral  band  width  of  10  m/a,  and  with  a  Beck¬ 
man  spectrophotometer  operating  with  a  band  width  of  ap¬ 
proximately  1  rn/u.  Equivalent  amounts  of  reagents  were  added 
to  distilled  water  in  the  reference  cell.  All  pH  determinations 
were  made  with  a  glass  electrode  pH  meter. 

To  prepare  a  stock  solution  of  sodium  nitrite  (H)  a  solution 
containing  about  1  gram  of  the  salt  in  100  ml.  was  aliquoted  and 


analyzed  by  titration  with  potassium  permanganate  according 
to  the  U.S.P.  method  (17).  An  accurately  known  solution  con¬ 
taining  5  p.p.m.  of  nitrite  ion  was  prepared  by  suitable  dilution 
of  an  aliquot.  This  solution  is  stable  when  protected  from  bac¬ 
teria  and  carbon  dioxide  of  the  air.  The  use  of  boiled  water 
helps  eliminate  both  bacteria  and  carbon  dioxide.  One  milli¬ 
liter  of  chloroform  per  liter  can  be  added  to  prevent  bacterial 
growth  and  does  not  interfere  with  the  color  reaction.  One-tenth 
gram  or  less  of  sodium  hydroxide  per  liter  may  be  added  to  pre¬ 
vent  the  liberation  of  the  unstable  nitrous  acid  by  carbon  dioxide 
of  the  air.  The  solution  should  have  a  pH  of  8  to  11.5. 

For  this  investigation  a  solution  of  4-aminobenzenesulfonic 
acid  was  prepared  by  dissolving  0.60  gram  of  recrystallized  mate¬ 
rial  in  100  ml.  of  distilled  water.  Heating  aids  dissolution.  The 
1-aminonaphthalene  hydrochloride  solution  was  prepared  by  dis¬ 
solving  0.60  gram  of  recrystallized  material  in  100  ml.  of  distilled 
water.  The  4-aminobenzenesulfonic  acid  and  the  1-amino¬ 
naphthalene  hydrochloride  are  colorless  solids  when  pure,  but, 
especially  the  latter,  tend  to  discolor  on  exposure  to  light  and  air. 
Discolored  reagents  should  be  recrystallized.  The  4-aminoben¬ 
zenesulfonic  acid  can  be  recrystallized  from  hot  water.  To  re¬ 
crystallize  from  5  to  10  grams  of  1-aminonaphthalene  hydro¬ 
chloride,  add  2  grams  of  decolorizing  charcoal  (Norite)  and  100 
ml.  of  water  and  boil  for  a  few  minutes.  Rapidly  filter  the  hot 
mixture  through  a  Buchner  funnel  fitted  with  a  filter  paper.  If 
the  filtrate  is  not  clear  and  colorless,  add  another  2  grams  of  de¬ 
colorizing  charcoal,  boil  again,  and  refilter.  Then  add  25  ml.  of 
concentrated  hydrochloric  acid  to  the  filtrate  and  cool  to  0°  C. 
in  an  ice  bath.  Filter  off  the  recrystallized  hydrochloride  on  a 
Buchner  funnel,  air-dry  the  product  on  a  porous  plate  in  a  dark 
place,  and  store  it  in  a  tightly  closed,  dark  bottle.  Hydrochloric 
acid  solutions  of  this  reagent  show  much  less  tendency  to  discolor 
than  acetic  acid  solutions  which  are  used  by  some. 

Color  Reaction.  The  color  formed  by  1-aminonaphthalene 
with  diazotized  4-aminobenzenesulfonic  acid  is  a  reddish  purple 
which  has  its  minimum  transmittancy  near  520  m^  (Figure  1). 
The  reactions  involved  may  be  indicated  by  the  following 
equations : 
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Table  I.  Effect  of  pH  on  Reaction  Rates  at  30°  C. 

Minutes  Required 


pH 

Diazotization 

Coupling 

1.12 

1 

60 

1.38 

30 

1.64 

20 

2.00 

'3 

10 

2.15 

7 

2.29 

5 

2.58 

6 

3 

3.00 

6 

2 

3.38° 

9 

3.59° 

12 

3.67° 

15 

[ ' 

*  Incomplete  color  development  at  these  pH  values. 


Effect  of  Reagent  Concentration.  For  50  ml.  of  a  solu¬ 
tion  containing  0.4  p.p.m.  of  nitrite,  a  minimum  of  0.20  ml.  of  4- 
aminobenzenesulfonic  acid  solution  and  0.20  ml.  of  1-amino- 
naphthalene  solution  is  required.  A  tenfold  excess  of  either  re¬ 
agent  has  no  further  effect  upon  the  color  developed.  The  acid 
required  was  added  independently  to  maintain  uniform  acidity. 

Effect  of  Order  of  Addition  of  Reagents.  The  order  of 
addition  of  reagents  is  of  utmost  importance.  Figure  1  shows 
that  the  diazotization  reaction  with  4-aminobenzenesulfonic  acid 
must  be  complete  before  1-aminonaphthalene  is  added.  Any  un¬ 
reacted  nitrite  still  present  when  the  coupling  agent  is  added  is 
partially  destroyed  by  the  amino  group  of  the  latter. 

Effect  of  pH.  To  establish  the  most  desirable  acidity, 
samples  were  buffered  at  different  pH  values  by  means  of  hydro¬ 
chloric  acid,  hydrochloric  acid-potassium  chloride  and  acetic 
acid-sodium  acetate  combinations.  The  diazotization  and 
coupling  times  required  at  room  temperature  for  these  various 
acidities  are  listed  in  Table  I.  These  values  were  determined 
from  curves  similar  to  those  in  Figure  1.  In  Figure  1,  6  minutes’ 
diazotization  time  is  required  at  a  pH  of  2.5.  It  was  further 
noted  that  full  color  is  developed  within  3  minutes  after  the  addi¬ 
tion  of  the  coupling  agent.  High  acidities  increase  the  diazotiza¬ 
tion  rate  and  decrease  the  coupling  rate.  Low  acidities  decrease 


pH 


Table  II.  Effect  of  Temperature  on  Reaction  Rates 


Process 

Minutes  Required 

pH  20°  C.  30°  C. 

Diazotization 

Acetic  Acid  Method  (1) 

3.1  12 

9 

Coupling 

2.8  3 

2 

Diazotization 

Hydrochloric  Acid  Method  (IS) 

2.1  9 

6 

Coupling 

2.0  12 

10 

Diazotization 

Hydrochloric  Acid-Sodium  Acetate 

1.4  2 

1 

Coupling 

2.5  4 

3 

— 

jaA 

\_y 

IlL  EF 

FIGURE  1 

FECI  OF  ORDER  OF 
ITION  OF  REAGENTS 
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//  05  p- 

II  10  m 

/I 

r  i.  Rgt.i 
2  Rgt.i 

3.  Simu 

• 
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4  /II 

4.  Rgt.i  1  min.  before  Rgt.n 

5.  Rgt.i  3 min.  before  Rgt.n 

6.  Rgt.i  6 min.  before  Rgt.H 

7.  Rgt.i  I5min.  before  Rgt.H 

8.  Rgt.  I  30 min.  before  Rgt.E 

9.  Rgt.  I  60 min.  before  Rgt.H 

6,7, 

8,9 

Rgtl  4-aminobenzenesulfonic  acid 
RgtH  l-aminonaphthalene 
- 1 - 1 _ 1 _ l_ 

Wavelength,  nyj 


the  diazotization  rate  and  increase  the  coupling  rate.  This  might 
have  been  predicted  by  the  principle  of  mass  action  from  Equa¬ 
tions  1  and  2  in  which  the  hydrogen  ion  is  a  reactant  and  a  prod 
uct,  respectively. 

The  transmittancies  at  520  m^i  for  these  samples  at  various  pB 
values  are  plotted  in  Figure  2,  allowing  6  minutes’  diazotization 
time  and  10  minutes’  coupling  time,  which  were  chosen  as  reason¬ 
able  times.  As  indicated  in  Table  I,  incomplete  color  develop¬ 
ment  in  high  acidities  is  due  to  incomplete  coupling  and  in  low 
acidities  is  due  to  incomplete  diazotization.  Increasing  the 
coupling  time  brings  about  full  color  development  in  slightly  more 
acidic  samples,  but  increasing  diazotization  time  does  not  bring 
about  full  color  development  in  samples  of  lower  acidity. 

The  colorimetric  stability  of  the  system  is  found  to  increase  as 
the  acidity  increases. 

After  a  study  of  Table  I,  it  was  decided  to  add  20  ml.  of  con¬ 
centrated  hydrochloric  acid  to  the  first  reagent  before  diluting  il 
to  100  ml.  The  resulting  pH  during  diazotization  is  about  1.4 
After  adding  the  second  reagent,  the  system  is  buffered  with  so¬ 
dium  acetate  to  a  pH  which  will  permit  reasonably  rapid  cou¬ 
pling  combined  with  a  reasonable  color  stability.  A  pH  of  from 
2.0to2.5  is  considered  best  for  general  purposes.  However,  a  slowh 
coupling,  stable  system  can  be  had  by  buffering  to  a  pH  of  1.7  to 
2.0,  or  a  rapidly  coupling,  briefly  stable  system  can  be  had  bv 
buffering  to  a  pH  of  2.5  to  3.0. 

Effect  of  Temperature.  Figure  3  shows  the  effect  of  tem¬ 
perature  on  the  diazotization  reaction  at  a  pH  of  3.1.  Since  the 
reaction  at  this  pH  is  slow,  any  effect  of  temperature  can  be 
readily  measured.  As  the  temperature  increases,  the  rate  of  re¬ 
action  increases  as  indicated  in  Table  II  and  Figure  3.  It  is 
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Minutes  Diazotization 


evident,  however,  that  the  diazotization  product  is  unstable 
both  on  heating  and  on  long  standing.  In  the  highly  acidic  solu¬ 
tion  herein  recommended,  the  reaction  proceeds  rapidly  without 
heating,  and  the  diazonium  salt  formed  is  relatively  stable. 

Effect  of  Light.  This  determination  should  be  carried  out  in 
artificial  light  of  moderate  intensity.  The  reaction  mixture 
should  be  shielded  from  direct  sunlight,  especially  during  diazo¬ 
tization,  because,  as  Holbourn  and  Pattle  (7)  have  found,  diazoti¬ 
zation  products  are  photochemically  unstable. 

Effect  of  Nitrite  Concentration.  The  lower  limit  of 
nitrite  content  which  can  be  determined  by  this  method  is  fixed 
by  the  maximum  cell  length  available ;  the  upper  limit  is  fixed 
by  the  solubility  of  the  colored  dye.  The  exact  concentration  at 
which  the  dye  precipitates  is  difficult  to  determine,  as  it  varies 
under  different  conditions.  Under  the  conditions  here  recom¬ 
mended,  concentrations  up  to  0.6  p.p.m.  of  nitrite  do  not  pre¬ 
cipitate  within  30  minutes.  Beer’s  law  holds  up  to  a  concentration 
of  0.6  p.p.m.  for  a  10  mp  band  width.  Reliable  determina¬ 
tions  can  be  made  in  the  range  of  0.025  to  0.600  p.p.m.  of  ni¬ 
trite  ion  in  a  2-cm.  cell.  As  little  as  0.0005  p.p.m.  of  nitrite 
nitrogen  can  be  determined  by  the  use  of  24-cm.  Nessler  tubes. 

Effect  of  Diverse  Ions.  In  general,  the  effect  of  400  p.p.m. 
of  diverse  ions  on  the  analysis  of  a  solution  containing  0.4  p.p.m. 
of  nitrite  was  determined.  The  quantities  of  interfering  diverse 
ions  which  may  be  present  without  causing  an  error  greater  than 
2%  in  the  nitrite  content  are  shown  in  Table  III. 

Of  the  diverse  ions  studied,  the  following  did  not  interfere 
when  present  in  concentrations  1000  times  that  of  the  nitrite: 
barium,  beryllium,  calcium,  lead  (II),  lithium,  magnesium,  man¬ 
ganese  (II),  nickel  (II),  potassium,  sodium,  strontium,  thorium, 
uranyl,  zinc,  arsenate,  benzoate,  borate,  bromide,  chloride,  cit- 
rate,  fluoride,  formate,  iodate,  lactate,  molybdate,  nitrate,  oxa¬ 
late,  phosphate,  pyrophosphate,  salicylate,  selenate,  sulfate,  tar¬ 
trate,  tetraborate,  and  thiocyanate. 

The  interfering  ions  fall  into  various  classes.  Amines,  oxidiz¬ 
ing  agents,  and  reducing  agents  destroy  nitrites.  Some  ions 
complex  the  nitrite  and  retard  its  activity.  Some  ions  precipi¬ 
tate  under  reaction  conditions;  others  upset  the  acidity  condi¬ 
tions;  and  still  others  interfere  because  of  their  own  color. 

Amines  such  as  ammonia,  urea,  and  aliphatic  primary  amines 
(HNH2,  NH2CONH2,  and  RNH2)  react  with  nitrites  to  liberate 
gaseous  nitrogen.  Small  concentrations  of  ammonium  ion  did 
not  interfere  in  this  study  but  high  concentrations  should  be 
avoided. 

Nitrites  are  destroyed  by  reducing  ions  such  as  iodide,  iron 
(II) ,  chlorostannite,  sulfide,  thiosulfate,  and  sulfite,  which  must  be 
absent  from  the  sample.  Strong  oxidizing  ions  such  as  perman¬ 
ganate,  chlorate,  trisulfatocerate,  perchlorate,  periodate,  peroxy- 


disulfate,  and  tungstate  should  be  absent.  Other  oxidizing  ions 
such  as  dichromate,  iodate,  and  selenate  did  not  show  any  de¬ 
struction  of  nitrite  in  these  extreme  dilutions  in  the  time  allowed 
in  this  study,  but  they  may  on  longer  standing. 

Mercury  (I)  and  silver  precipitate  as  their  chlorides,  and  bis¬ 
muth  and  antimony  (III)  presumably  as  their  oxychlorides  in  the 
presence  of  the  hydrochloric  acid  used.  Lead  (II)  also  precipi¬ 
tates  as  its  chloride  in  concentrated  solution  but  redissolves  at 
room  temperature  upon  dilution  to  400  p.p.m.  and  causes  no  in¬ 
terference.  Chloroplatinate,  iron  (III),  gold  (III),  and  meta¬ 
vanadate  ions  form  precipitates  with  1-aminonaphthalene. 

Alkali  salts  of  ions  such  as  carbonate,  acetate,  cyanide,  and 
silicate  reduce  the  acidity  of  the  system  and  should  be  present 
only  in  limited  quantities.  The  chlorostannate  solution  used 
contained  hydrochloric  acid.  Its  high  acidity  limited  the  amount 
to  40  p.p.m. 

Mercury  (II)  causes  high  results,  whereas  copper  (II)  catalyzes 
the  decomposition  of  the  diazonium  salt,  causing  low  results. 
Both  should  be  absent. 

Purple  ions,  such  as  cobalt  (II),  which  absorb  green  light, 
should  be  limited  in  concentration;  whereas  green  ions,  such  as 
nickel  (II)  have  little  effect.  Pale  yellow  ions,  such  as  uranyl, 
show  little  interference;  whereas  more  intensely  yellow  dichro¬ 
mate  should  be  limited  to  80  p.p.m.  Chromium  (III)  should 
be  limited  to  40  p.p.m.  All  these  colored  ions  change  the  hue 
of  the  system  and  must  be  absent  for  visual  comparison. 

DISCUSSION 

In  the  present  investigation,  four  requirements  of  a  satisfac¬ 
tory  method  were  found: 

1.  Diazotization  should  be  carried  out  in  strongly  acidic 
solution. 

2.  Diazotization  should  be  carried  out  in  as  cool  a  solution  as  is 
practicable. 

3.  Coupling  should  not  be  attempted  until  diazotization  is 
complete. 

4.  Coupling  should  be  carried  out  in  as  low  an  acidity  as  is 
consistent  with  colorimetric  stability. 

The  acetic  acid  procedures  ( 1 ,  8)  do  not  meet  the  first  require¬ 
ment;  the  elevated  temperature  procedures  (8,  IS,  16)  do  not 
meet  the  second;  the  mixed  reagent  procedures  (11,  IS,  16)  do 
not  meet  the  third;  and  the  hydrochloric  acid  procedures  (18) 
do  not  meet  the  fourth  requirement. 

The  recommended  procedure  follows: 

RECOMMENDED  PROCEDURE 

Sample.  Selection  and  Preparation.  Procure  a  representa¬ 
tive  portion  of  the  material  to  be  analyzed,  and  subject  it  to  the 
necessary  preparative  treatment. 


Table  III. 

Effect  of  Diverse  Ions 

Amount 

Ion 

Added  as: 

Present 

Error 

Permissible 

P.p.m. 

% 

P.p.m. 

Au  +  +  ' 

A11CI3 

5 

Ppt. 

0 

Sb  +  ++ 

SbCl3 

400 

Ppt. 

0 

Bi  +  +  + 

Bi(NOs)s 

400 

Ppt. 

0 

Ce++++ 

(NH,)2Ce(N03)$ 

20 

New  hue 

0 

Cr  +  +  + 

Cr2(SO«)3 

80 

3 

40 

Co*  + 

Co(NO»)i 

400 

8 

100 

Cu  +  + 

CuSO. 

20 

7 

0 

Fe  +  + 

FeSO. 

40 

4 

0 

Fe  ++  + 

FeCL 

10 

Ppt. 

0 

Hg  +  + 

Hg(N03)2 

400 

50 

0 

Hg2  +  + 

Hg2(N03)2 

400 

Ppt. 

0 

Ag  + 

AgNOs 

400 

Ppt. 

0 

NaC2Hj02 

400 

3 

200 

cos-- 

Na2COs 

200 

2 

200 

CIOs- 

KCIO3 

40 

4 

0 

PtCl.-- 

H2PtCl8 

80 

2 

80 

SnCU'" 

H2SnCle 

80 

3 

40 

SnCb-- 

HsSnCl. 

40 

90 

.  0 

CN~ 

KCN 

200 

4 

100 

O2O7-- 

K2Cr2Cb 

80 

2 

80 

I- 

KI 

10 

3 

0 

cio.- 

KCIO. 

400 

15 

0 

io.- 

KIO. 

20 

3 

0 

MnO* 

KMnOi 

1 

14 

0 

(NBU)2S208 

400 

37 

0 

Na2SiOs 

400 

5 

200 

SO>-- 

Na2SC>3 

40 

88 

0 

s— 

Na2S 

10 

80 

0 

S203-- 

Na2S20a 

40 

23 

0 

WO.-- 

Na2  WO4 

40 

3 

10 

V03- 

kvos 

20 

Ppt. 

0 
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Measurement.  Weigh  or  measure  by  volume  a  quantity  of 
sample  containing  0.03  mg.  or  less  of  nitrite. 

Treatment.  Most  samples  in  water  analysis  need  no  further 
treatment.  The  proper  treatment  of  other  materials  depends  on 
the  nature  of  the  sample.  Basic  or  acidic  samples  are  neutralized 
with  hydrochloric  acid  or  sodium  hydroxide. 

Desired  Constituent.  Separation.  If  interfering  ions  are 
present,  they  should  be  complexed  or  removed  to  within  the  per¬ 
missible  concentrations  given  in  Table  III. 

Measurement.  To  the  sample  in  a  50-ml.  volumetric  flask  add 
1.0  ml.  of  acidified  4-aminobenzenesulfonic  acid  reagent.  (To 
prepare  this  reagent,  completely  dissolve  0.60  gram  of  4-amino¬ 
benzenesulfonic  acid  in  about  70  ml.  of  hot  water,  cool  the  solu¬ 
tion,  add  20  ml.  of  concentrated  hydrochloric  acid,  dilute  to  100 
ml.  with  water,  and  mix  thoroughly.)  Mix  well.  Allow  at 
least  3,  and  not  more  than  10,  minutes  for  diazotization  at  room 
temperature  in  diffuse  light.  Then  add  1.0  ml.  of  1-aminonaph- 
thalene  hydrochloride  reagent  (0.60  gram  of  1-aminonaphthalene 
hydrochloride  and  1.0  ml.  of  concentrated  hydrochloric  acid  di¬ 
luted  to  100  ml.  with  water)  and  buffer  the  system  to  a  pH  of  2.0 
to  2.5  with  sodium  acetate.  This  requires  about  1.0  ml.  of  filtered 
2.0  M  sodium  acetate  solution.  Dilute  to  volume  and  mix 
well.  After  10  minutes,  measure  the  intensity  of  the  reddish 
purple  color  by  the  usual  means.  All  measurements  should 
be  made  within  30  minutes.  Spectrophotometric  measure¬ 
ments  can  be  made  at  520  m,u.  A  green  filter,  such  as  a  Corn¬ 
ing  No.  401  of  suitable  thickness,  is  recommended  for  filter 
photometers.  Permanent  standards  for  visual  comparisons  have 
oeen  suggested  (4). 

For  minute  amounts  of  nitrite,  add  the  reagents  according  to 
he  above  procedure  to  50  ml.  of  sample  in  a  Nessler  tube.  The 
;olor  developed  is  compared  with  a  series  of  temporary  or  perma- 
lent  standards. 
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Rapid  Estimation  of  Effect  of  Pressure  upon  Boiling 
Points  of  Org  anic  Compounds 

CARL  BORDENCA,  Southern  Research  Institute,  Birmingham,  Ala. 


IT  IS  frequently  convenient  in  laboratory  distillations  under 
I  reduced  pressure  to  have  at  hand  a  means  for  estimating 
apidly  the  boiling  point  of  a  substance  at  pressures  other  than 
hat  being  used.  A  special  case  is  finding  the  approximate  boil- 
ng  point  at  atmospheric  pressure  by  extrapolation  from  a  single 
toiling  point  value  obtained  at  some  reduced  pressure.  Another 
iseful  application  is  in  selecting  in  advance  a  suitable  reduced 
tressure  for  distilling  a  compound  whose  boiling  point  at  atmos- 
theric  pressure  is  known.  In  these  cases,  a  high  degree  of  ac- 
uracy  is  usually  unnecessary,  and  the  consideration  of  accuracy 
3  offset  by  the  convenience  of  having  a  generally  applicable  proc¬ 
ss  of  calculation  or  extrapolation. 

Numerous  methods  have  been  proposed  for  estimating  boiling 
'Oints  at  reduced  pressure  or  finding  the  vapor  pressure  of  sub- 
tances  at  various  temperatures.  One  of  the  most  useful  is  that 
f  Cragoe  (I)  as  modified  by  Hass  and  Newton  (4),  which  em- 
loys  the  equation: 

a,  _  t  „  (273.1  +  t)  (2.8808  -  log  p) 

<t>  +  0.15  (2.8808  -  log  p) 

here  t'  =  boiling  point,  °  C.  at  atmospheric  pressure 
t  —  boiling  point,  °  C.  at  pressure  p  (mm.) 

<t>  =  entropy  of  vaporization  at  760  mm.  divided  by  2.3  R 

Hass  and  Newton  have  modified  Cragoe’s  classification  of  com¬ 
ounds  into  eight  groups  according  to  their  physical  or  structural 
ilationship,  and  have  established  values  for  <f>  for  each  group. 

However,  calculation  using  this  equation  is  rather  cumber- 
ime  and  time-consuming.  The  object  of  the  present  paper  is  to 
formulate  the  Hass-Newton  equation,  and  to  derive  graphs 
litable  for  rapid  interconversion  and  for  use  especially  in  the 
rdinary  laboratory  type  of  distillation. 

Equation  1  may  be  rearranged  to  give: 


(0  +  0.15  P)  _  273.1  P 

(</>  +  1.15  P)  4>  +  1.15  P  1 1 

where  P  =  2.8808  —  log  p. 

By  the  use  of  this  equation  and  the  entropy  values  given  by 
Hass  and  Newton  (3),  graphs  showing  the  relationship  between 


Table  I.  Classification  of  Compounds  According  to  Groups 


Compound  Group  Compound  Group 


Acetals 

3 

Heptylic  acid 

7 

Acetic  acid 

4 

Hydrocarbons,  sat. 

2 

Acetic  anhydride 

6 

Hydrocarbons,  unsat. 

1 

Acetophenone 

4 

Isoamyl  alcohol 

7 

Amines 

3 

Isobutyl  alcohol 

8 

n-Amyl  alcohol 

8 

Isobutyric  acid 

6 

Anthracene 

1 

Isocaproic  acid 

7 

Anthraquinone 

1 

Laurie  acid 

5 

Benzaldehyde 

2 

Laurylamine 

7 

Benzene 

2 

Methyl  salicylate 

2 

Benzoic  acid 

5 

Myristic  acid 

5 

Benzonitrile 

2 

Naphthalene 

2 

Benzophenone 

2 

a-  and  /3-Naphthols 

3 

Benzoyl  chloride 

3 

Nitroalkanes 

3 

Bromobenzene 

2 

Nitrobenzene 

3 

Butyric  acid 

7 

Nitrotoluenes 

2 

Camphor 

2 

Nitrotoluidines 

2 

Caprylic  acid 

5 

Allo-ocimene 

1 

Chloroanilines 

3 

Octanols 

8 

Chlorobenzene 

2 

Oleic  acid 

5 

Cresols 

4 

Phenanthrene 

I 

Coumarin 

2 

Phenol 

5 

Dibenzyl  ketone 

2 

Phthalic  anhydride 

2 

Dimethyl  oxalate 

4 

a-  and  /3-Pinenes 

1 

Esters 

3 

Propionic  acid 

5 

Ethers 

2 

n-Propyl  alcohol 

8 

Ethylene  glycol 

7 

Quinoline 

2 

Ethylene  oxide 

3 

Sebacic  acid 

7 

Formic  acid 

3 

Stearic  acid 

5 

Furfural 

2 

Sulfides 

2 

Glycols 

7 

Valeric  acid 

7 

Glycol  diacetate 
Halogen  derivatives 

4 

Same  group  as 
where  X  —  H 

Water 

6 

2  X) 

ns 

(50 

125 

100 

15 

50 

200 

115 

ISO 

125 

100 

15 

50 

ZOO 

115 

ISO 

125 

100 

15 

50 

200 

115 

150 

125 

100 

15 

50 
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Table  II.  Comparison  of  Observed  and  Estimated  Boiling  Points 

Coumarin  Acetophenone  Ethylene 


Compound  (Group) 
Boiling  point 

(2) 

Obs. 

Est. 

Obs. 

(4) 

Est. 

Glycol  (7) 
Obs.  Est. 

Pressure 

200  mm. 

154 

155 

158 

158 

100  mm. 

220 

218 

133 

135 

140 

139 

50  mm. 

196 

196 

115 

118 

125 

124 

20  mm. 

171 

170 

94 

96 

105 

105 

10  mm. 

154 

152 

81 

81 

92 

91 

5  mm. 

139 

136 

69 

70 

80 

79 

the  normal  boiling  point  and  the  boiling  point  at  reduced  pressure 
for  the  eight  groups  of  compounds  have  been  constructed.  The 
classification  of  the  compounds  and  families  of  compounds  given 
in  Table  I  is  adapted  from  the  reference  articles  (3,  4)-  It  is 
suggested  that  compounds  not  given  in  the  table  be  classified  in 
the  group  with  compounds  which  they  most  closely  resemble. 
In  this  connection,  Cragoe  ( 1 )  has  pointed  out  that  higher  mem¬ 
bers  of  a  series  of  compounds  are  usually  in  the  same  group, 
while  the  first  members  are  generally  in  a  different  group.  Boil¬ 


ing  point  values  for  intermediate  pressures  may  be  obtained  from 
the  charts  by  interpolation. 

In  general,  the  observed  and  estimated  values  have  been  found 
to  agree  satisfactorily.  Representative  results  are  shown  in 
Table  II,  which  gives  a  comparison  of  estimated  and  observed 
values  for  typical  compounds  of  different  groups.  The  observed 
values  given  for  ethylene  glycol  have  been  obtained  by  inter¬ 
polation  of  values  reported  by  de  Forcrand  (2). 
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Nephelometric  Determination  of  Small  Amounts  of  Sodium 


F.  K.  LINDSAY,  D.  G.  BRAITHWAITE,  and  J.  S.  D’AMICO 
Zeolite  Research  Laboratories,  National  Aluminate  Corporation,  Chicago,  III. 


A  rapid  nephelometric  method  for  determining  small  amounts  of 
sodium  salts  in  either  liquids  or  solids  is  disclosed.  An  alcoholic 
uranyl  magnesium  acetate  reagent  is  employed,  and  comparative 
data  are  given  to  indicate  the  sensitivity  of  various  alcoholic  compo¬ 


sitions.  The  method  is  accurate  to  approximately  1  grain  per  gallon 
of  sodium  salts,  expressed  as  sodium  chloride  in  water  analysis,  and 
to  ±0.003%,  expressed  as  sodium  oxide  on  solid  samples.  The 
method  is  particularly  adaptable  to  routine  analytical  problems. 


THE  advantages  of  employing  alcoholic  magnesium  uranyl 
acetate  reagents,  or  of  incorporating  alcohol  in  some  manner 
before  the  precipitation  of  the  sodium  uranyl  acetate  triple  salt, 
have  been  disclosed  by  several  workers  ( 1 ,  2,  3).  The  need  for 
a  very  rapid,  sensitive  method  for  determining  traces  of  sodium 
j  salts  in  a  solid  product  suggested  the  advisability  of  trying  to 
lemploy  an  alcoholic  reagent  in  the  development  of  a  nephelo¬ 
metric  procedure.  By  modifying  the  method  of  Caley,  Brown, 
sand  Price  ( 1 ),  a  satisfactory  procedure  has  been  developed  which 
is  particularly  useful  for  control  analyses  in  the  manufacture  of 
solids  with  low  sodium  salt  impurity  specifications,  but  which 
may  also  be  adapted  to  rapid  estimation  of  sodium  salt  concen¬ 
trations  in  liquids. 

APPARATUS 

The  photometer  used  in  this  investigation  employed  a  Nalco 
slue  photofilter,  a  General  Electric  light-sensitive  cell  (Catalog 
No.  88  X  565),  a  General  Electric  Mazda  lamp  No.  51  (6  to  8 
/olts) ,  and  an  ammeter  (Model  26)  manufactured  by  Simpson 
Electric  Co.,  Chicago,  Ill. 

The  specifications  on  the  construction  of  the  apparatus  are: 


distance  from  light  source  to  cell 
Distance  from  light  source  to  filter 
Hit  in  screen 

jength  of  path  of  light  through  solutions 
Thickness  of  cell  walls 


50  mm. 

25  mm. 

6.5  mm.  wide  X  16  mm.  high 
16  mm. 

2  mm. 


REAGENT  AND  SOLUTIONS 

Alcoholic  Magnesium  Uranyl  Acetate.  To  30  grams  of 
iranyl  acetate  dihydrate,  150  grams  of  magnesium  acetate  tetra- 
lydrate,  and  20  ml.  of  glacial  acetic  acid  are  added  500  ml.  of 
lcohol  and  sufficient  water  to  make  up  to  1  liter.  The  resultant 
3  heated  on  the  steam  bath,  with  stirring,  until  the  salts  are  dis- 
olved.  Care  must  be  taken  to  lose  as  little  solvent  as  possible 
luring  the  solution  step.  The  reagent  is  then  stirred  until  cool, 
nd  filtered  without  further  dilution  into  a  brown  glass  bottle. 


Potassium  chloride,  lithium  chloride,  and  sodium  chloride 
solutions  were  prepared  by  dissolving  the  pure  chemicals  in  triply 
distilled  water. 


PRELIMINARY  EXPERIMENTS 

Although,  after  an  extensive  investigation  on  the  value  of 
precipitating  the  triple  salt  in  an  alcoholic  medium,  Greene  ( 2 ) 
came  to  the  conclusion  that  the  alcohol  could  not  be  incorporated 
into  the  reagent,  the  ease  of  controlling  the  precipitation  medium 
when  using  only  one  reagent  was  especially  appealing  for  the  de¬ 
velopment  of  a  nephelometric  procedure  where  uniform  crystal 
growth  is  imperative.  In  their  earlier  work,  Caley,  Brown,  and 
Price  (7)  had  successfuly  employed  an  alcoholic  reagent,  and  the 
authors’  preliminary  work  was  done  using  a  slight  modification 
of  their  reagent,  but  substituting  the  nephelometric  procedure 
for  their  more  complex  and  critical  centrifugal  estimation  method. 
The  study  of  reagents  prepared  using  various  alcohols  was  the 
initial  step  in  the  investigation  of  the  method.  In  Figure  1  are 
plotted  representative  transmittancy  curves  for  reagents  made 
from  methanol,  ethanol,  isopropanol,  a  mixture  of  ethanol  and 


Table  I.  Comparison  of  Sensitivity  of  Reagent  Prepared  from 
Methanol-Ethanol  Mixtures 


9  Volumes 

8  Volumes 

7  Volumes 

6  Volumes 

Ethanol, 

Ethanol, 

Ethanol, 

Ethanol, 

NaCl 

Eth¬ 

1  Volume 

2  Volumes 

3  Volumes 

4  Volumes 

Meth¬ 

Added 

Grains/ 

anol 

Methanol 

Methanol 

Methanol 

Methanol 

anol 

gal. 

Per  cent  transmittancy 

0 

91.9 

91.0 

91.5 

91.0 

90.0 

90.0 

2 

88.0 

87.0 

86.5 

88.0 

88.5 

90.0 

5 

83.0 

83.0 

82.5 

83.0 

84.0 

90.0 

10 

77.0 

78.0 

77.0 

77.0 

80.0 

88.0 

15 

72.0 

73.0 

73.0 

73.0 

76.5 

84.0 

20 

69.5 

69.5 

70.0 

69.5 

71.0 

80.0 

25 

67.0 

67.5 

67.5 

67.0 

69.5 

75.0 
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10 


T" 


50  PERCENT  ISOPROPANOL 
67.5  PERCENT  ETHANOL  PLUS 
50  PERCENT  METHANOL 
25  PERCENT  ETHANOL 


* 

7.5 
O 

PLUS  25  PERCENT  ACETONE 


PERCENT  METHANOL  Q 


REPRESENTATIVE  CURVE  FOR; 
50  PERCENT  ETHANOL  (J) 


A  5  PERCENT  ETHANOL 

PLUS  5  PERCENT  METHANOL 
40  PERCENT  ETHANOL  -O 

PLUS  10  PERCENT  METHANOL 


EFFECT  OF  VARIOUS 
ON  SENSITIVITY  OF 


ALCOHOLS 

REAGENT 


92.5  90.0 

87.5  85.0  82.5 

80.0  77.5 

75-0  72.5 

Table  II. 

Stability  and  Reproducibility  of  Reagent 

Reagent 

Reagent 

Reagent, 

NaCl  Added 

Batch  1 

Batch  2 

Batch  3 

Grains/ gal. 

Per  cent  transmittancy 

0 

91.0 

91.5 

90.5 

2 

87.0 

87.0 

86.5 

5 

83.5 

83.0 

83.0 

10 

79.0 

78.0 

78  0 

15 

73.0 

74.0 

73.0 

20 

69.5 

69.5 

69.5 

25 

67.5 

68.0 

68.0 

35 

63.0 

63.0 

63.0 

Table  III.  Analysis  of  Solutions 

Water  A 

Water  B 

Total  hardness  as  CaC03,  grains  per  gallon  8.7 

37.0 

Calcium  as  CaC03,  grains  per  gallon 

5.2 

30.0 

Sodium  as  NaCl,  grains  per  gallon 

1.5 

7.9 

Silica,  p.p.m.  Si02 

9.7 

10.7 

NaCl 

NaCl  NaCl 

NaCl 

Added 

Found  Added 

Found 

Grains  per  gallon 

0.0 

1.5  0.0 

7.9 

5.0 

6.5  5  0 

12.9 

10.0 

11.5  10.0 

17.9 

17.5 

19.0  17.5 

23.5 

PROCEDURE 


To  2  ml.  of  the  solution  to  be  tested  in  the 
test  cell  are  added  one  drop  of  c.p.  concentrated 
hydrochloric  acid  and  15  ml.  of  the  alcoholic  re¬ 
agent.  The  two  solutions  are  mixed  by  invert¬ 
ing  five  times,  allowed  to  stand  5  minutes,  and 
again  mixed  by  inverting  five  times.  After  an 
additional  5-minute  period  of  standing,  the 
transmittancy  is  read  and  the  sodium  content 
determined  by  interpolation  from  a  previously 
prepared  standard  transmittancy  curve. 


RESULTS 


70.0 


67.5 


acetone,  and  a  representative  curve  for  methanol-ethanol  mix¬ 
tures. 

From  these  data,  it  is  apparent  that  ethanol  reagents,  or 
ethanol  reagents  containing  small  quantities  of  methanol,  are 
more  sensitive  than  methanol  or  isopropanol  reagents.  Incor¬ 
porating  acetone,  or  increasing  the  alcohol  content  above  50%  by 
volume,  rendered  the  reagent  less  sensitive.  The  disadvantage  of 
an  increase  in  the  alcohol  content  of  the  precipitation  medium  was 
apparently  due  to  the  enhanced  crystal  growth,  which  caused  the 
precipitated  sodium  salt  to  settle  very  rapidly,  thereby  decreas¬ 
ing  the  accuracy  of  the  transmittancy  measurement.  The  possi¬ 
bility  of  using  ethanol  denatured  with  methanol  was  of  special 
interest  because  of  the  relative  ease  of  obtaining  such  mixtures. 
Table  I  shows  the  effect  of  increased  methanol-ethanol  ratios. 
Volume  ratios  of  3  to  7  can  be  tolerated  before  the  detrimental 
influence  of  methanol  is  appreciable.  Therefore,  because  of  the 
availability  of  Formula  30  alcohol  (10%  methanol  and  86% 
ethanol  by  volume),  it  was  selected  for  the  preparation  of  the  re¬ 
agent.  Table  II  gives  data  illustrating  the  stability  and  repro¬ 
ducibility  of  this  alcoholic  reagent.  Reagents  1,  2,  and  3  were 
prepared  about  5  days  apart.  The  results  are  well  within  the 
limits  of  accuracy  of  the  method. 


Solutions.  In  Table  III  are  tabulated  the 
results  obtained  by  adding  known  amounts  of 
sodium  ion  as  sodium  chloride  to  natural  raw 
waters.  The  accuracy  of  this  rapid  procedure  is 
approximately  0.000015  gram  per  cc.  (1  grain  per 
gallon)  expressed  in  terms  of  sodium  chloride. 

Relatively  high  concentrations  of  lithium  and 
potassium  ions  do  not  affect  the  accuracy  of 
the  sodium  determination.  Thet  results  ob¬ 
tained,  using  a  standard  10  grains  per  gallon 
sodium  chloride  water  to  which  was  added 


varying  amounts  of  lithium  and  potassium  salts,  are  shown 
in  fable  IV. 

Solids.  The  procedure  was  developed  primarily  for  analytical 
control  in  the  manufacture  of  fluid  cracking  catalyst  for  the  pe¬ 
troleum  industry.  It  was  found  that  nearly  100%  of  the  sodium 
salts  could  be  extracted  from  this  siliceous  material  by  boiling 
for  2  minutes  in  1  to  1  hydrochloric  acid. 


To  10  grams  of  catalyst  are  added  20  ml.  of  1  to  1  hydrochloric 
acid,  and  the  mixture  is  boiled  exactly  2  minutes.  After  filtering, 
10  ml.  of  alcoholic  reagent  are  added  to  2  ml.  of  filtrate,  the  two 
solutions  mixed  by  inverting  5  times,  allowed  to  stand  5  minutes, 
and  mixed  again  by  inverting  5  times,  and  the  transmittancy  is 
determined  after  an  additional  5  minutes.  In  Table  V,  the  re¬ 
sults  of  this  rapid  method  are  compared  with  results  obtained  by 
the  standard  gravimetric  procedure.  The  accuracy  of  the  method 
can  be  considered  to  be  0.003%  expressed  as  Na20. 


Table  IV.  Interference  of  Potassium 

and  Lithium 

% 

NaCl  Present 

Salt  Added 

Transmittancy 

Grains/gal. 

Grains/gal. 

10 

None 

88.0 

10 

Li  Cl  2 . 5 

88.0 

10 

Li  Cl  5 . 0 

88.0 

10 

LiCl  10.0 

87.5 

10 

Li  Cl  20 . 0 

88.0 

10 

KC1  2.5 

87.5 

10 

KC1  5.0 

.  88.0 

10 

KC1  10.0 

88.0 

10 

KC1  20.0 

88.0 

Table  V. 

Analysis  of  Solid  Materials 

NasO 

Na20 

Sample 

Gravimetric 

Found 

% 

% 

i 

0.0195 

0.017 

2 

0.010 

0.008 

3 

0.019 

0.021 

4 

0.012 

0.009 
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Colorimetric  Determination  o f  Phenols 

Application  to  Petroleum  and  Allied  Products 

LOUIS  LYKKEN,  R.  S.  TRESEDER,  and  VICTOR  ZAHN 
Shell  Development  Company,  Emeryville,  Calif. 


A  colorimetric  method  is  described  for  determination  of  the  total 
phenolic  content  of  hydrocarbon  mixtures,  organic  solvents,  aqueous 
solutions,  and  concentrated  phenols.  The  method  is  not  affected  by 
organic  materials  containing  other  functional  groups  (such  as  alde¬ 
hydes  or  ethers)  nor  by  water,  mineral  acids,  inorganic  bases,  or  in¬ 
organic  salts.  In  this  procedure  the  sample,  or  a  caustic  extract 
thereof,  is  dissolved  in  acetic  acid,  nitrous  acid  solution  is  added  to 
form  the  respective  nitrosophenol,  and  after  a  short  reaction  period 
an  excess  of  alcoholic  ammonium  hydroxide  is  added.  After 
standing,  the  intensity  of  the  resulting  colored  quinoid  salt  is  meas¬ 
ured  with  a  photoelectric  colorimeter  and  related  to  that  of  a  cali¬ 
bration  curve  which  has  been  prepared  under  identical  conditions  by 
concentrations  of  a  standard  phenol  sample.  Although  the  method 
was  primarily  developed  for  the  determination  of  monohydroxy  alkyl 
phenols  in  refined  petroleum  products,  it  has  been  successfully  ap¬ 
plied  to  the  determination  of  monohydroxy-  and  dihydroxyphenols 
in  a  variety  of  materials  such  as  crude  oil,  oil  additives,  solvents, 
polymers,  plastics,  cresylic  acids,  and  caustic  treating  solutions. 

DURING  the  past  decade  a  need  has  developed  for  the  de~ 
termination  of  phenols,  particularly  monohydroxyphenols, 
in  a  variety  of  materials.  This  need  has  become  increasingly  im¬ 
portant  to  the- petroleum  chemist  because  the  presence  of  phenols 
often  affects  the  behavior  of  many  petroleum  products.  For  ex- 
|  ample,  the  presence  of  small  amounts  of  phenols  in  paint  and 
varnish  thinners  has  been  known  to  retard  the  drying  rate  of 
these  products,  and  phenolic  compounds  have  found  use  in  gaso¬ 
line  as  antioxidants  to  prevent  gum  formation,  light  instability, 
etc.  Experience  has  shown  that  there  is  need  of  a  general  method 
because  the  phenolic  compounds  encountered  are  usually  a  mix¬ 
ture  of  various  unknown  phenols  and  because  it  is  necessary  to 
apply  the  method  in  the  presence  of  materials  such  as  alcohols, 
acids,  amines,  ethers,  aldehydes,  ketones,  water,  organic  sulfur 
derivatives,  and  inorganic  compounds.  Such  characteristics  as 
rapidity  and  accuracy  are  secondary  in  importance  to  precision 
and  universal  applicability. 

A  review  of  the  literature  reveals  a  number  of  qualitative  tests 
for  phenols,  most  of  which  have  been  studied  and  classified  by 
I  Gibbs  ( 2 ).  Only  a  few  of  the  qualitative  tests  are  adaptable 
to  the  quantitative  determination  of  phenols  because  many  of 
the  reactions  are  applicable  only  to  certain  types  of  phenols  and 
because  many  are  not  specific  for  phenols,  reacting  similarly  with 
other  types  of  compounds. 

Included  among  these  methods  of  limited  application  are  those 
of  Houghton  and  Pelly  (4),  which  involves  oxidation  of  the  phenol 
to  an  indophenol  by  hypochlorite  in  the  presence  of  p-aminodi- 
methylaniline,  of  Gibbs  (3),  in  which  the  phenol  is  reacted  with 
quinone  chloroimide  to  form  a  colored  indophenol,  and  of  Folin 
and  Denis  (1),  wherein  phenolic  compounds  of  phosphomolybdic- 
phosphotungstic  acid  are  reduced  to  the  lower  oxides  of 
molybdenum  and  tungsten,  resulting  in  the  formation  of  blue 
solutions. 

Stoughton  (5)  devised  a  method  which  depends  upon  treatment 
of  the  phenol  with  nitric  and  sulfuric  acids  at  approximately 
100°  C.  to  form  a  nitrosophenol  which  rearranges  in  the  presence 
of  excess  alcoholic  ammonium  hydroxide  to  form  the  highly 
colored  quinoid  radical.  The  probable  reactions  are: 

organic  matter 

2H0N02  - 2HONO  +  02 


H2S04  /OH 

RC6H4OH  +  HONO  - >  RC6H3< 

*  \ 


/OH  NH4OH 

RC6H3<  - ► 

'NO 


RC8H3<f 


NO 

0  T 

NO  J 


+  h2o 


+  FD 


The  resulting  colored  solutions  are  compared  with  those  from 
standard  phenols  by  means  of  a  visual  colorimeter.  This  method 
is  generally  applicable  to  ortho,  meta,  and  para  substituted 
phenols.  The  colors  produced  by  the  reaction  with  different 
phenols  range  from  greenish  yellow  to  orange  yellow.  Wetlaufer, 
Van  Natta,  and  Quattlebaum  ( 6 )  used  a  modified  version  of  the 
Stoughton  procedure,  applying  it  to  the  determination  of  traces 
of  phenols  in  hydrocarbon  solvents.  They  achieved  high  sensi¬ 
tivity  by  extracting  the  phenols  with  a  small  portion  of  dilute  caus¬ 
tic  solution. 

The  method  presented  here  is  a  further  modification  of  Stough¬ 
ton’s  {6)  nitrosophenol  procedure.  The  significant  differences 
are  the  use  of  sodium  nitrite  solution  in  place  of  nitric  acid  as  the 
source  of  nitrous  acid,  formation  of  the  nitrosophenol  at  room 
temperature  under  carefully  predetermined  conditions,  and 
measurement  of  the  colored  solutions  in  a  photoelectric  colorim¬ 
eter.  As  in  the  method  of  Wetlaufer  et  al.  ( 6 ),  the  phenols  are  ex¬ 
tracted  from  hydrocarbons  prior  to  the  color  development.  This 
procedure  achieves  greater  sensitivity  and  avoids  interference  of 
large  quantities  of  hydrocarbons.  As  a  result  of  these  changes,  the 
proposed  method  is  versatile,  accurate,  and  applicable  to  a  wide 
variety  of  materials. 


APPARATUS 

A  sensitive  photoelectric  colorimeter  equipped  with  light- 
absorption  cells  permitting  passage  of  light  through  a  depth  of 
approximately  1  cm.  of  solution  and  equipped  with  a  mono¬ 
chromatic  light  source  consisting  of  either  a  lamp  with  color 
filters  or  a  monochromator  capable  of  producing  light  of  narrow 
spectral  range  (50  m/i)  which  is  predominantly  violet  (420  m^). 


REAGENTS 

Potassium  Hydroxide  Solution,  10%  aqueous. 

Acetic  Acid,  c.p.,  glacial. 

Buffer  Solution.  To  prepare  1  liter  of  solution,  mix  800  ml.  of 
glacial  acetic  acid,  150  ml.  of  10%  potassium  hydroxide  solution, 
and  50  ml.  of  water. 

Saturated  Sodium  Nitrite  Solution,  aqueous. 

Alcoholic  Ammonium  Hydroxide  Solution.  To  prepare  1 
liter  of  solution,  mix  450  ml.  of  anhydrous  ethyl  alcohol  or  iso¬ 
propyl  alcohol,  300  ml.  of  14  N  ammonium  hydroxide,  and  250 
ml.  of  water. 

Standard  Phenol  Solution,  containing  0.1  mg.  of  the  phenol  to 
be  determined  per  milliliter.  Weigh  accurately  0.1  =*=  0.01  gram 
of  the  phenol  in  a  100-ml.  volumetric  flask  and  dilute  to  exactly 
100  ml.  with  the  buffer  solution.  Mix  thoroughly,  transfer  a 
10-ml.  aliquot  to  a  second  100-ml.  volumetric  flask,  and  dilute 
to  the  mark  with  the  acetic  acid  buffer  solution.  Where  maxi¬ 
mum  accuracy  is  essential  be  sure  that  the  phenol  used  as  a  stand¬ 
ard  is  the  same  as  that  determined.  Where  high  accuracy  is  not 
essential,  an  arbitrary  standard  such  as  p-cresol  may  be  used  for 
the  preparation  of  a  calibration  curve.  ■ 

Sulfuric  Acid,  36  N. 

Diluent.  Extract  1  liter  of  technical  octane  with  100  ml.  of 
10%  potassium  hydroxide  solution  and  remove  the  aqueous  layer. 
Extract  a  second  time  with  the  fresh  caustic  solution,  then  wash 
with  100  ml.  of  water  and  filter  the  hydrocarbon  layer  through  a 
dry  folded  paper.  When  the  sample  is  not  soluble  in  octane,  use 
other  solvents  such  as  benzene,  toluene,  ether,  etc.,  purified  in 
the  same  manner. 
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Tabic  I.  Relative  Color  Intensities  Produced  by  Pure  Phenols  and 
Concentrated  Phenol  Mixtures 


Material 

Petroleum  eresylic  acids 

Boiling  range  220—225°  C.b 
Boiling  range  200-220°  C.b 
Boiling  range  200-225°  C.b 
Boiling  range  200-235°  C.b 
Boiling  range  220-240°  C.b 
Boiling  range  225-245°  C.b 
Boiling  range  235-290°  C.b 
Phenol 
p-Cresol 
o-Cresol 
m-Cresol 
p-Ethylphenol 
o-Ethylphenol 
m-Ethylphenol 

2.4- Dimethylphenol 

2.5- Dimethylphenol 

2.6- Dimethylphenol 

3 .4- Dime  thylphenol 

3.5- Dimethylphenol 

2.3.5- Trimethylphenol 

2.4.6- Trimethylphenol 
4-ier(-Butyl-2,6-dimethylphenol 
2,4-Dimethyl-6-ler(-butyIphenol 
p-lerl-Amylphenol 
ar-Naphthol 

/J-Naphthol 
Resorcinol 
o-Chlorophenol 
m-A  mi  nophenol 
Guaiacol 

8-Hydroxyquinoline 

Hydroquinone 

Catechol 

p-(er(-Butyleateehol 

Carvacrol 

p-Hydroxybenzoie  Acid 


Intensity0  of  Color  Pro¬ 
duced  by  1  Mg.  of  Mate¬ 
rial  Relative  to  Color  from 
1  Mg.  of  Petroleum  Cre- 
sylic  Acid  (b.r.  220- 
225°  C.)6 


1.00 

1.42 

1.34 
1.06 
0  81 
0.79 
0.56 
1.07 
1.24 
1.85 
0.73 
1.21 
1.82 
0.76 
1.28 
0.68 

3.34 
0  93 
0.47 
0.52 
0.25 
0  53 
0 . 22c 
0.95 
2.26 
0.83 
0.98 
0.80 
0 . 5 
2.02 
1.50 
0 . 55 
0 . 55 
0.  19c 
1.33 
0.03 


“  Spekker  photoelectric  absorptiometer.  No.  7  (violet)  filter. 
b  Nominal  boiling  range,  initial  to  95%  point. 

c  Measurement  by  Ivlett-Summerson  photoelectric  colorimeter,  No.  42 
(violet)  filter. 


PROCEDURE 

Two  procedures  are  described  below.  The  choice  of  the  pro¬ 
cedure  to  be  used  depends  upon  the  type  of  material  which  is 
being  analyzed  for  phenol  content.  The  direct  procedure  is  gen¬ 
erally  used  for  oxygenated  materials,  while  the  extraction  proce¬ 
dure  is  used  for  hydrocarbons. 

Direct  Procedure.  Use  this  procedure  for  materials  soluble  in 
the  acetic  acid  buffer  solution — i.e.,  eresylic  acids,  alcohols,  naph¬ 
thenic  acids,  glycerols,  phenyl  ethers,  ketones,  and  aqueous  solu¬ 
tions.  In  the  case  of  highly  colored  or  opaque  materials  giving  rise 
to  high  blanks,  use  the  extraction  procedure. 

Into  a  100-ml.  volumetric  flask  introduce  an  accurately  weighed 
sample  of  the  size  indicated  below: 

Phenol  Content,  %  Sample  Size,  Grams 

0.0  to  0.4  2 

0.3  to  0.8  1 

0 . 6  to  1 . 6  0.5 

1 . 5  to  4  0.2 

3  to  8  0.1 

For  phenol  contents  above  8%  use  approximately  smaller 
samples  or  preferably  0.5-  to  5-ml.  aliquots  of  solution  of  sample 
in  buffer  solution;  in  all  such  cases  regulate  sample  or  aliquot  to 
contain  3  to  8  mg.  of  phenol.  Dilute  the  sample  to  exactly  100 
ml.  with  the  buffer  solution,  mix,  and  transfer  a  5-ml.  aliquot 
into  a  50-ml.  volumetric  flask.  By  means  of  a  medicine  dropper, 
add  5  drops  of  36  N  sulfuric  acid  and  2  drops  of  saturated  sodium 
nitrite  solution.  Mix  by  swirling,  allow  the  mixture  to  stand  15 
to  30  minutes  (30  to  45  minutes  if  hydrojqybenzene  is  the  phenol 
present),  and  then  slowly  add  alcoholic  ammonium  hydroxide 
solution  while  cooling  the  flask  in  ice  water  to  make  a  total  vol¬ 
ume  of  exactly  50  ml.  at  room  temperature.  Allow  the  final 
solution  to  stand  1  hour  or  preferably  overnight  and  obtain  a 
colorimeter  reading  using  a  violet  light  source  (420  m/i). 

Make  three  blank  determinations  according  to  the  above  pro¬ 
cedure.  In  the  first  omit  the  sodium  nitrite  solution  but  include 
a  duplicate  aliquot  of  the  sample  aolution;  in  the  second  omit 
the  sample  but  include  the  nitrite  solution;  and  in  the  third 
omit  both  the  sample  and  the  nitrite  solution.  For  the  most  ac¬ 
curate  work  determine  all  three  blanks  for  each  analysis.  Other¬ 
wise,  determine  all  blanks  at  least  once  whenever  new  reagents 


are  used;  determine  the  first  blank  only  when  the  sample  is 
colored. 


Extraction  Procedure.  Use  this  procedure  for  materials 
which  are  insoluble  in  the  acetic  acid  buffer  solution  but  soluble 
in  the  diluent  or  similar  solvents.  Always  remove  phenol  con¬ 
taminants  from  solvent  by  the  treatment  outlined  upon  prepara¬ 
tion  of  the  diluent. 


Introduce  10  ml.  of  10%  potassium  hydroxide  solution  into  a 
125-ml.  Squibb-type  separatory  funnel  and  add  the  volumes  of 
sample  and  diluent  as  indicated  in  the  following  tabulation: 


Phenol  Content 
Mg./lOO  ml. 

0  to  100 
50  to  200 
100  to  500 
200  to  1000 


Volume  of  Sample 
Ml. 

50  *  0.2 
25  ±0.1 
10  ±  0.1 
5  ±  0.05 


Volume  of  Diluent 
Ml. 

0 

25 

40 

45 


For  phenol  contents  greater  than.  1000  mg.  per  100  ml.,  weigh 
a  proportionately  smaller  quantity  of  sample  and  add  45  to  50 
ml.  of  diluent. 

Stopper  the  separatory  funnel  and  shake  for  5  minutes.  Allow 
the  mixture  to  stand  in  the  separatory  funnel  until  two  distinct 
layers  have  formed  and  carefully  remove  the  lower  layer  without 
loss  into  a  100-ml.  volumetric  flask.  Add  a  5-ml.  portion  of  po¬ 
tassium  hydroxide  solution  to  the  separatory  funnel,  shake  the 
mixture  for  5  minutes,  allow  the  phases  to  separate,  and  quanti¬ 
tatively  withdraw  the  lower  layer  into  the  Same  volumetric  flask 
Add  5  ml.  of  distilled  water  to  the  separatory  funnel,  shake  for  2 
minutes,  allow  the  phases  to  separate,  and  withdraw  the  aqueous 
layer  into  the  volumetric  flask  containing  the  caustic  extracts. 

To  the  combined  extracts,  slowly  add  glacial  acetic  acid  while 
cooling  the  flask  in  ice  wrater  to  make  a  total  volume  of  exactly 
100  ml.  at  room  temperature.  Pipet  a  1-  to  5-ml.  aliquot  con¬ 
taining  0.05  to  0.5  mg.  of  phenol  into  a  dry  50-ml.  volumetric 
flask.  If  necessary,  add  sufficient  of  the  acetic  acid  buffer  solu¬ 
tion  to  make  a  total  volume  of  5  ml.  Proceed  with  the  color  de¬ 
velopment  as  outlined  under  the  direct  procedure  (above),  start¬ 
ing  with  “by  means  of  a  medicine  dropper  add  5  drops  of  36  A 
sulfuric  acid,  etc.” 


PREPARATION  OF  CALIBRATION  CURVES 

Prepare  a  calibration  curve  showing  the  relation  between  the 
colorimeter  readings  and  the  phenol  content  as  follows: 

From  a  buret  or  pipet  introduce  0,  1,  2,  3,  4,  and  5  ml.  of  the 
standard  phenol  solution  into  separate  dry  50-ml.  volumetric 
flasks.  Add  sufficient  acetic  acid  buffer  solution  to  make  a  tota 
volume  of  5  ml.  and  proceed  with  the  color  development  as  out 
lined  under  the  direct  procedure  (above),  beginning  with  “bj 
means  of  a  medicine  dropper  add  5  drops  of  36  N  sulfuric  acid 
etc.” 

CALCULATIONS 

Correct  the  colorimeter  reading  obtained  for  the  sample  b] 
means  of  the  following  equation: 

Corrected  reading  =  R  —  (Bi  +  B2  —  B3) 

where 

R  =  colorimeter  reading  for  the  sample 

Bi  =  colorimeter  reading  obtained  when  sodium  nitrite  solutioi 
is  omitted 

B2  =  colorimeter  reading  when  sample  is  omitted 
B3  —  colorimeter  reading  when  both  sample  and  sodium  nitrite 
solution  are  omitted 

Note.  Unless  the  samples  or  extracts  are  colored,  B 2  will  b 
the  only  significant  correction  and  B]  and  B3  will  cancel  eacl 
other.  Besides  making  a  color  blank,  the  degree  of  color  inter 
ference  may  sometimes  be  minimized  by  reducing  sample  or  ali 
quot  size. 

Convert  the  corrected  colorimeter  reading  to  milligrams  o 
phenol  by  means  of  the  prepared  calibration  curve  and  expres 
the  results  as  percentage  by  weight  of  phenol  or  as  milligrams  o 
phenol  per  100  ml.  Report  the  phenol  used  as  standard. 

EXPERIMENTAL 

Apparatus  Used.  A  Spekker  absorptiometer  (photoelectric 
wras  used  for  the  color  measurements  during  the  early  part  of  th 
investigation.  Later  a  Klett-Summerson  photoelectric  colorim 
eter  and  Fisher  electrophotometer  were  used  for  the  investiga 
tional  work  as  well  as  actual  application  of  the  method.  1 
Coleman  spectrophotometer  (Model  10S)  was  used  to  obtain  th 
spectral  transmittance  curves  of  the  colored  solutions. 
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Relative  Color  Intensities  Produced  by  Various  Phe¬ 
nols.  Samples  containing  exactly  1  mg.  of  a  number  of  pure 
phenols  and  commercial  cresylic  acids  were  treated  by  the  pro¬ 
posed  direct  procedure,  and  the  intensities  of  the  colors  produced 
were  measured  photoelectrically  with  a  Spekker  absorptiometer 
using  the  No.  7  (violet)  filter  supplied  with  the  apparatus.  The 
materials  tested  and  the  data  obtained  are  given  in  Table  I,  ex¬ 
pressing  the  intensity  of  color  produced  by  1  mg.  of  material 
relative  to  that  from  1  mg.  of  petroleum  cresylic  acid  (nominal 
boiling  range  220°  to  225°  C.,  initial  to  95%  point)  taken 
as  unity.  The  order  of  magnitude  of  color  intensity  values 
obtained  by  use  of  other  photoelectric  colorimeters  or  visual 
colorimeters  agrees  with  those  in  Table  I,  but  there  are 
small  differences  depending  upon  the  spectral  characteristics  of 
the  light  filter  used  to  make  the  tests  or  of  the  response  of  the  eye 
by  the  visual  method.  This  presents  no  difficulty,  provided  meas¬ 
urements  for  sample  and  standard  are  made  with  the  same  color¬ 
imeter.  However,  unless  only  rough  approximation  is  adequate, 
the  color  values  presented  in  Table  I  must  be  redetermined  on  the 
colorimeter  at  hand  if  it  is  desired  to  compute  a  given  color  meas¬ 
urement  in  terms  of  the  various  phenols. 

From  Table  I  it  is  seen  that  a  wide  variation  exists  in  relative 
color  intensities  produced  by  the  various  phenolic  compounds; 
this  variation  appears  to  be  mainly  influenced  by  the  location  of 
the  substituted  groups  on  the  benzene  ring.  Of  the  monohydroxy- 
phenols,  the  most  intense  colors  are  given  by  those  phenols  with 
alkyl  groups  in  the  ortho  position  with  respect  to  the  hydroxyl 


group;  the  least  color  is  given  by  the  most  highly  substituted 
compounds.  Between  these  extremes  no  simple  generalizations 
are  valid.  With  concentrated  phenol  mixtures  such  as  cresylic 
acids  obtained  from  petroleum,  the  relative  color  intensity  ap¬ 
pears  to  decrease  with  an  increase  in  average  boiling  point.  With 
respect  to  pure  phenols,  the  color  intensity  is  not  related  linearly 
to  the  molecular  weight.  Of  the  thirty-six  phenolic  compounds 
or  mixtures  tested,  only  p-hydroxybenzoic  acid  failed  to  give  a 
significant  color  by  the  proposed  method.  The  cause  of  this 
anomaly  is  unknown  at  present. 

Variation  of  Color  Intensity  with  Concentration  of 
Phenols.  Calibration  curves  for  use  with  photoelectric  color¬ 
imeters  wrere  prepared  for  several  pure  phenols  and  phenol  mix¬ 
tures  by  treating  various  known  weights  of  these  compounds  ac¬ 
cording  to  the  proposed  procedure.  In  Figure  1  are  presented 
calibration  curves  for  phenol,  p-cresol,  2,6-dimethylphenol,  2,4,6- 
trimethylphenol,  and  petroleum  cresylic  acids  (boiling  range 
220-225°  C.)  obtained  with  the  Spekker  absorptiometer  using 
the  No.  7  filter  (violet)  supplied  with  apparatus.  In  Figure  2 
are  presented  the  calibration  curves  for  phenol,  o-cresol,  m- 
cresol,  p-cresol,  3,5-dimethylphenol,  2, 4-dimet.hyl-6-i  erf-butyl 
phenol,  p-fer-butyl  catechol,  and  petroleum  cresylic  acids  (boiling 
range  220-225°  C.),  obtained  with  the  Klett-Summerson  photo¬ 
electric  colorimeter  using  the  No.  42  filter  (violet)  supplied  with 
the  apparatus. 

With  less  than  1  mg.  of  phenol  in  the  final  solution  substantially 
straight-line  curves  were  obtained  in  most  cases,  indicating  that 
Beer’s  law  applies  in  this  determination. 
This  is  particularly  true  of  the  calibration 
curves  obtained  for  the  Klett-Summerson 
colorimeter,  which  utilizes  a  light  filter  trans¬ 
mitting  only  a  narrow  band  of  light  in  the 
violet  region  (approximately  420  m,u).  The 
Spekker  light  filter  transmits  some  light  in 
regions  other  than  violet. 

Spectral  Characteristics  of  Color  Com¬ 
parison  Solutions.  When  treated  by  the 
proposed  procedure,  various  monohydroxy- 
phenols  produce  color  comparison  solutions 
which  vary  from  greenish  yellowT  for  phenol 
and  meta-substituted  phenols  to  orange-yellow 
for  other  phenols.  Dihydroxyphenols  and 
naphthols  generally  produce  brownish-yellow 
solutions.  The  various  color  shades  are  suffi¬ 
ciently  distinct  so  that  an  experienced  chemist 
can  qualitatively  divide  them  into  three  groups 
by  visual  examination.  Figures  3,  4,  and  5 
give  typical  spectral  transmittance  curves  for 
the  color  comparison  solutions  produced  by  a 
variety  of  pure  phenols  and  cresylic  acid  frac¬ 
tions.  In  most  cases  the  maximum  light  ab¬ 
sorption  occurs  at  wave  lengths  of  400  to  425 
millimicrons.  Because  of  this  fact  and  because 
the  light  absorption  bands  are  wide,  the  color 
intensity  of  the  comparison  solution  can  be 
measured  by  any  type  of  photoelectric  color¬ 
imeter,  provided  proper  attention  is  given  to 
the  choice  of  light  filter. 

Interference  by  Nonphenolic  Com¬ 
pounds.  A  number  of  nonphenolic  compounds 
have  been  tested  to  determine  whether  or  not 
they  interfere  with  the  phenol  determination  by 
exhibiting  colors  after  treatment  by  the  pro¬ 
posed  procedure.  The  data  presented  in  Table 
II  were  obtained  with  exactly  1-mg.  samples 
of  various  nonphenolic  compounds,  both  with 
and  without  blending  with  1  mg.  of  petroleum 
cresylic  acid  (boiling  range  220°  to  225°  C.). 
The  values  given  for  relative  color  intensities  are 


0.4  0.8  1.2  1,6  20  2,4 


Concentration  of  Phenols  in  Color  Comparison  Solution,  mg.  per  50  ml. 

Figure  1.  Typical  Calibration  Curves  for  Pure  Phenols  and  Phenolic  Mixtures 

Spekker  photoelectric  absorptiometer.  No.  7  (violet)  filter 

1.  2,6-Dimethylphenol  4.  Petroleum  cresylic  acid  (b.r.  220-225°  C.) 

P-Cresol  5.  2,4,6-Trimethylphenol 

3.  Phenol 
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Concentration  of  Phenols  in  Color  Comparison  Solution,  ms.  per  50  ml. 


Figure  2.  Typical  Calibration  Curves  for  Pure  Phenols  and  Cresylic  Acid  Fractions 
Klett-Summerson  photoelectric  colorimeter,  No.  42  (violet)  filter 


1. 

o-Crcsol 

5. 

3,5-Dimethylphenol 

2. 

m-Crcsol 

6. 

Phenol 

3. 

Petroleum  cresylic  acid  (b.r.  220-225°  C.) 

7. 

2,4-Dimethyl-6-f  ert -butyl  phenol 

4. 

P-Cresol 

8. 

p-ferf-Butylcatechol 

based  on  the  value  of  unity  for  the  intensity  of  color  produced  by 
exactly  1  mg.  of  petroleum  cresylic  acid  (boiling  range  220°  to 
225°  C.).  From  these  and  numerous  other  tests  it  was  found 
that  with  the  exception  of  aniline  and  xylidine  none  of  the  com¬ 
mon  aliphatic  or  aromatic  nonphenolic  compounds  give  color 
comparison  solutions  of  the  type  given  by  phenols.  Therefore 
it  can  be  assumed  that  the  proposed  method  is  with  very  few  ex¬ 
ceptions  specific  for  phenolic  materials. 

Aniline  and  xylidine  were  found  to  interfere  to  some  extent 
with  the  phenol  determination;  when  treated  by  the  proposed 
direct  procedure,  they  reacted  giving  color  comparison  solutions 
having  shade  and  intensity  similar  to  those  obtained  with  most 
phenols.  However,  experiments  have  shown  that  the  proposed 
extraction  procedure  gives  satisfactory  results  in  the  presence  of 
these  aromatic  amines,  provided  the  concentration  of  the  phenol 
is  at  least  twenty  times  greater  than  the  aniline  or  xylidine  con¬ 
centration.  For  samples  containing  a  higher  relative  concen¬ 
tration  of  aniline  or  xylidine,  the  usual  caustic  extraction  does 
not  generally  result  in  an  extract  substantially  free  of  the  amines. 
In  such  cases  the  following  modified  procedure  gives  satisfactory 
results. 

Weigh  a  sample  containing  approximately  15  mg.  of  phenol 
into  a  125-ml.  Squibb-type  separatory  funnel  containing  100  ml. 
of  phenol-free  technical  octane.  Add  10  ml.  of  5%  sulfuric  acid 
and  shake  the  mixture  vigorously  for  5  minutes.  Allow  the 
phases  to  separate  completely  and  withdraw  the  lower  layer. 
Add  10  ml.  of  water  to  the  separatory  funnel,  shake  the  mixture 


for  1  minute,  and  allow  the  two  phases  to  sepa¬ 
rate.  Withdraw  the  lower  phase  and  add  it  to 
the  lower  phase  from  the  first  extraction.  Re¬ 
peat  the  acid  and  water  extractions.  Transfer 
back  to  the  separatory  funnel  any  hydrocarbon 
phase  liberated  from  the  combined  acid  and 
water  extracts.  Analyze  the  residual  extracted 
hydrocarbon  in  the  separator}'  funnel  by  the 
proposed  extraction  procedure. 

Analyses  of  samples  of  some  hydrocarbon  mix¬ 
tures,  especially  cracked  gasolines  to  which 
known  quantities  of  alkyl  phenols  had  been 
added,  frequently  gave  low  results  by  the  ex¬ 
traction  procedure.  Subsequent  tests  showed 
that  the  apparent  phenol  content  of  such 
samples  tended  to  decrease  with  time.  Analy¬ 
ses  of  these  samples  showed  an  appreciable  con¬ 
centration  of  peroxides;  the  peroxide  content 
was  found  to  increase  with  time.  Apparently 
the  added  phenols  were  oxidized  by  compounds 
of  the  peroxide  type  resulting  from  air  oxidation 
of  the  unsaturated  hydrocarbons  present.  This 
behavior  emphasizes  the  necessity  of  analyzing 
such  materials  immediately  in  order  to  prevent 
possible  changes  in  phenol  content  on  standing. 

Extraction  Procedure.  The  determina¬ 
tion  by  this  method  of  small  amounts  of  phenols 
present  in  a  hydrocarbon  material  requires  con¬ 
centration  of  the  phenols  by  extraction  from  the 
hydrocarbon  with  a  minimum  quantity  of  an 
aqueous,  basic  solution.  Potassium  hydroxide 
solutions  were  found  to  be  preferable  to  sodium 
hydroxide  solutions  for  this  purpose  because  of 
the  generally  higher  solubility  of  the  potassium 
phenolates  as  compared  with  the  sodium  phenol- 
ates.  Using  the  experimentally  chosen  extrac¬ 
tion  procedure  contained  in  this  method  (which 
consists  of  successive  extractions  with  10  ml.  of 
10%  potassium  hydroxide  solution,  5  ml.  of 
10%  potassium  hydroxide  solution,  and  5  ml.  of 
water),  it  was  found  by  analysis  of  the  extracts 
from  technical  octane  blends  that  approximately 
94%  of  the  added  phenol  was  recovered  in  the 
first  extract,  6%  in  the  second,  and  less  than  1% 
in  the  last.  In  these  tests  the  sample  consisted  of  100  ml.  of 
technical  octane  containing  46  mg.  of  petroleum  cresylic  acids 
(boiling  range  220°  to  225°  C.). 

An  alternative  extraction  procedure  was  tried  in  which  the 
combined  caustic  extracts  were  acidified  and  the  “sprung” 


Table  II.  Relative  Color  Intensities  Produced  by  Nonphenolic 

Compounds 

Intensity  of  Color  Produced 
Relative  to  Color  from  1  Mg.  of 
Petroleum  Cresylic  Acid  (b.r. 
220-225°  C.) 


Material 

I  mg.  of 
material 

1  mg.  of  material 
+  1  mg.  of  pe¬ 
troleum  cresylic 
acid  (b.r. 
220-225°  C.) 

Toluene 

0.00 

1.00 

Benzaldehyde 

0.00 

1.00 

Benzyl  alcohol 

0.00 

1.00 

Benzoic  acid 

0.00 

1.00 

Salicylic  acid 

0.02 

1.00 

Phenetole 

0.08 

1.00 

Thiophenol 

0.00 

1.00 

Mixed  alkyl  thiophenols 

0.04 

1.00 

Mixed  naphthenic  acids 

0.00 

1.00 

Aniline 

0.05 

1.08 

Pyridine 

0.00 

1.00 

Quinoline 

0.00 

1.00 

Mixed  nitrogen  bases  from  petroleum 

0.00 

1.00 

Mixed  nonbasic  nitrogen  compounds 
from  petroleum 

0.00 

1.00 

Methyl  ethyl  ketone 

0.00 

1.00 
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Table  ,111.  Influence  of  Water  Content  of  Reaction  Medium  on  Intensity  of 
Color  Produced  by  Various  Phenols 


Relative  Color  Intensity  Using  5  Ml.  of  Acetic  Acid 
Solution  of  Indicated  Water  Content 


Phenol  Present 

5% 

10% 

20% 

40% 

60% 

(1  Mg.) 

0“ 

volume 

volume 

volume 

volume 

volume 

Phenol 

1.00 

1.05 

1.00 

1.00 

0.30 

0  20 

p-Cresol 

1.00 

0.77 

0.71 

0.71 

0.71 

0.69 

o-Cresol 

1.00 

1.11 

1.18 

1.29 

0.95 

0.69 

m-Cresol 

1.00 

1.11 

1 . 14 

1.11 

0.77 

0.44 

p-Ethylphenol 

1.00 

0.80 

0.77 

0.74 

0.74 

0.71 

m-Ethylphenol 

1.00 

1.11 

1 . 14 

1.14 

0.95 

0.80 

2,4-Dimethylphenol 

1.00 

1.43 

1  54 

1,67 

1.67 

1.67 

2,5-Dimethylphenol 

1.00 

1.33 

1.54 

1.54 

1.11 

0.77 

2,6-Dimethylphenol 

1.00 

2.50 

3.60 

4.40 

4.40 

4.00 

3,4-Dimethylphenol 

1.00 

1.05 

1.08 

1.05 

0.83 

0.77 

3,5-Dimethvlphenol 

1.00 

1.15 

1.20 

1 .07 

0.86 

0.64 

2,3,5-Trimethylphenol 

1.00 

1.20 

1.20 

1.11 

0.97 

0.88 

Petroleum  cresylic  acids 

Boiling  range  200-220°  C. 

1.00 

1.25 

1.33 

1.54 

1.54 

1.43 

220-225°  C. 

1.00 

1.33 

1.33 

1.33 

1.43 

1.43 

220-240°  C. 

1.00 

1 . 14 

1.25 

1.33 

1.33 

1.25 

235-290°  C. 

1.00 

1 .  15 

1.25 

1.30 

1.20 

1.15 

200-235°  C. 

1.00 

1.18 

1.38 

1.54 

1.54 

a  Used  as  standard  of  comparison  for  each  phenol  only;  not  intercomparable. 


acetic  acid-potassium  acetate  solution  failed  to  ex¬ 
tract  the  phenols  quantitatively  or  the  color  complex 
was  soluble  in  the  insoluble  hydrocarbon  layer  which 
had  to  be  removed  by  filtration. 

Color  Development  Procedure.  The  most 
critical  variable  factors  involved  in  the  color  de¬ 
velopment  procedure  were  studied  to  determine  their 
possible  effect  on  the  reproducibility  of  the  method 
and  to  discover  their  optimum  values.  The  com¬ 
position  of  the  reaction  medium  is  an  important 
factor.  Variations  in  the  concentration  of  either 
water  or  inorganic  salts  may  have  appreciable  effects 
upon  the  intensity  of  the  color  of  the  final  solution. 
The  magnitude  of  these  effects  is  indicated  by  the 
data  of  Table  III.  With  most  phenols  variations 
in  water  content  produced  the  least  effect  when  10  to 
40%  water  W'as  initially  present;  consequently,  20% 
water  seemed  most  desirable.  For  the  sake  of  uni¬ 
formity  and  convenience  the  composition  of  the  re¬ 
action  medium  was  standardized  at  the  composition 


Figure  3.  Spectral  Characteristics  of  Color  Comparison  Solutions 

for  Phenols 

Instrument,  Coleman  spectrophotometer.  Model  10S 
Cell  depth,  13  mm.  (square) 

1.  0.5  mg.  of  p-cresol  3.  0.6  mg.  of  phenol 

!.  0.5  mg.  of  m-cresol  4.  0.5  mg.  of  o-eresol 

phenols  extracted  with  diethyl  ether,  the  ether  extracts  concen- 
itrated  to  a  small  volume  by  evaporation,  the  phenolic  residue 
dissolved  in  acetic  acid,  and  the  color  development  carried  out 
by  the  direct  procedure.  However,  this  procedure  gave  results 
which  were  generally  about  3%  low,  indicating  incomplete  re¬ 
covery  of  the  phenols. 

A  variety  of  caustic  solutions  were  tried  as  possible  extractants 
for  the  phenols.  None  showed  any  definite  advantage  over  the 
10%  potassium  hydroxide  solution  initially  decided  upon.  Gen¬ 
erally,  very  concentrated  solutions  interfered  with  the  color  de¬ 
velopment  by  precipitating  a  large  amount  of  salts  when  the  al¬ 
cohol  was  added.  Modification  of  the  recommended  extraction 
procedure  may  be  required  in  instances  where  the  samples  con¬ 
tain  highly  substituted  alkyl  phenols  which  are  not  easily  extract- 
able  by  10%  potassium  hydroxide  solution. 

The  application  of  the  direct  procedure  to  hydrocarbon  samples 
was  found  to  give  low,  erratic  results  even  when  the  sample  con¬ 
tained  relatively  high  phenol  concentrations.  Evidently  the 


corresponding  to  that  obtained  in  the  extraction  pro¬ 
cedure  by  diluting  the  accumulated  caustic  and  water  extracts 
to  100  ml.  with  glacial  acetic  acid.  Under  the  conditions  of  the 
test  the  presence  of  the  potassium  acetate  gave  no  undesirable 
effects  and  did  not  materially  change  the  color  intensity. 

For  the  standard  reaction  mixture  volume  of  5  ml.  it  was 
found  that  the  quantity  of  concentrated  sulfuric  acid  could  be 
varied  between  3  and  12  drops  without  noticeable  effect;  simi¬ 
larly,  the  volume  of  saturated  sodium  nitrite  solution  could  be 
varied  between  1  and  4  drops  without  changing  the  result.  The 
quantity  of  ammonia  finally  added  to  the  reaction  mixture  was 
without  effect  on  the  color  intensity,  provided  this  amount  was  at 
least  175%  of  that  required  for  neutralization  of  the  acids  present. 
However,  different  color  intensities  were  produced  if  care  was  not 
taken  to  keep  the  mixture  cool  while  neutralizing  with  ammonia. 

The  time  of  standing  of  the  reaction  mixture  (after  addition 
of  the  sulfuric  acid  and  sodium  nitrite)  before  neutralization  with 


Figure  4.  Spectral  Characteristics  of  Color  Comparison  Solutions 
for  Phenols  and  Phenolic  Mixtures 

Instrument,  Coleman  spectrophotometer,  Model  10S 
Cell  depth,  13  mm.  (square) 

1.  Reagent  blank 

2.  0.5  mg.  ol  hydroquinone 

3.  0.62  mg.  ol  petroleum  cresylic  acid  (b.r.  220-225°  C.) 

4.  0.5  mg.  of  resorcinol 
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Table  IV.  Influence  of  Time  of  Standing  before  Neutralization  on  Intensity 
of  Color  Produced  by  Phenols 

Net  Colorimeter  Reading  for  Indicated  Time  of 


Weight, 

Mg. 

Standing  before  Neutralization® 

Phenol  present 

5  min. 

10  min. 

20  min. 

30  min. 

40  min. 

Phenol 

0.20 

78.2 

114.0 

176.5 

190.0 

196.0 

Phenol 

0.80 

313 

495 

560 

564 

580 

o-Cresol 

0.20 

211.0 

211.0 

213.0 

213.0 

213.0 

p-Cresol 

0.20 

90.0 

92.0 

92.0 

92.0 

92.0 

p-Cresol 

1.20 

540 

540 

553 

553 

553 

m-Cresol 

0.20 

162.0 

156.0 

142.0 

142.0 

142.0 

Petroleum  cresylie  acid 
Boiling  range  200-220°  C. 

0.20 

147.0 

148.0 

137.5 

137.0 

132.0 

200-225°  C. 

0.20 

136.0 

136.0 

128.0 

128.0 

121.0 

220-225°  C. 

0.20 

98.8 

97.5 

93.4 

88.2 

82.5 

220-225°  C. 

1.20 

582 

582 

535 

529 

506 

220-240°  C. 

0.20 

79.0 

79.0 

80  0 

73.0 

73.0 

235-290°  C. 

0.20 

54 . 0 

54.5 

54.0 

50.0 

48.0 

a  All  solutions  allowed  to  stand  23  to  24  hours  after  neutralization  before  measuring 
color  intensity.  All  measurements  with  Klett-Summerson  photoelectric  colorimeter. 


phenol  material  which  closely  corresponds  to  that 
present  in  the  sample  being  analyzed.  • 

DISCUSSION 

The  proposed  method  has  been  found  applicable  to 
the  determination  of  naphthols,  monohydroxyphenols, 
and  dihydroxyphenols  in  a  large  variety  of  sub¬ 
stances;  very  few  nonphenolic  compounds  interfere 
with  the  method.  Through  use  of  either  the  direct  or 
extraction  procedure  satisfactory  analyses  have  been 
obtained  with  many  different  types  of  samples,  in¬ 
cluding  gasoline,  kerosene,  fuel  oil,  thinners,  hydro¬ 
carbon  solvents,  naphthenic  acids,  concentrated 
phenols,  alcohols,  polymers,  chemical  preparations, 
aqueous  treating  solutions,  and  other  similar  materials. 


Table  V.  Influence  of  Time  of  Standing  after  Neutralization  on  Intensity 
of  Color  Produced  by  Phenol  Mixtures 


Net  Colorimeter  Reading  for  Indicated  Time  of 
Weight,  Standing  after  Neutralization® 


Phenol  Present 

Mg. 

0  hour 

0.25  hour 

1  hour 

4  hour 

24  hour 

Petroleum  cresvlic  acids 

Boiling  range  220-225°  C. 

1.06 

0.448 

0.460 

0.471 

0.482 

0.484 

200-220°  C. 

1.03 

0.602 

0.613 

0,623 

0.629 

0.633 

200-225°  C. 

0.97 

0.539 

0.544 

0.559 

0.560 

0.570 

200-235°  C. 

1.16 

0.549 

0.558 

0 . 565 

0.576 

220-240°  C. 

1.03 

0.360 

0.363 

0.371 

0.378 

0.382 

225-245°  C. 

1.01 

0.360 

0.363 

0.371 

0.372 

0.383 

235-290°  C. 

1.03 

0.260 

0.258 

0.259 

0.259 

0.258 

®  All  solutions  allowed  to  stand  15  minutes  before  neutralization.  All  measurements 
made  by  Spekker  photoelectric  absorptiometer. 


With  samples  containing  a  phenol  or  a  mixture 
of  phenols  which  has  been  partially  identified  the  pro¬ 
posed  method  will  give  results  with  accuracy  and  pre¬ 
cision  comparable  to  most  photoelectric  methods. 
As  a  method  for  the  analysis  of  a  complex  group 
of  phenolic  compounds,  such  as  those  occurring  in 
petroleum  products,  the  accuracy  of  the  method  de¬ 
pends  upon  the  proper  choice  of  standard.  In  most 
cases  the  results  need  only  be  relatively  accurate,  a 
condition  which  can  be  realized  by  use  of  an  arbitrarily 
chosen  standard  such  as  pure  phenol  or  o-cresol.  In 
cases  where  the  identity  of  the  phenol  is  unknown 
yet  accurate  results  are  needed,  it  is  necessary  to 
isolate  a  small  quantity  of  the  phenol  or  phenol 
mixture.  With  aqueous  solutions  this  can  be  accom- 


ammonia  had  an  important  bearing  upon  the  color  intensity  of 
the  final  solution.  In  Table  IV  are  summarized  data  showing  the 
observed  effects  with  samples  of  various  phenols  when  the  time 
of  standing  before  neutralization  was  varied,  other  factors  being 
maintained  constant.  There  was  no  definite  trend  observed  in 
the  time  range  studied.  However,  a  15-  to  30-minute  period  of 
standing  before  neutralization  gave  a  fairly  constant  intensity  of 
color  for  the  majority  of  phenols;  with  phenol  itself  a  30-  to  45- 


plished  by  adjusting  the  solution  to  contain  a  slight  ex¬ 
cess  of  strong  base  (pH  12),  filtering,  adjusting  the  filtrate  to  the 
phenolphthalein  end  point  (pH  8.5),  and  separating  the  phenols 
by  centrifuging.  With  nonaqueous  solutions,  a  quantity  of 
sample  is  extracted  with  caustic  solution  and  the  phenols  are 
sprung  from  the  extract  in  the  manner  described. 

Since  only  a  few  milligrams  of  the  concentrated'  phenol  mixture 
are  required  and  quantitative  recovery  is  not  essential,  isolation 


minute  period  gave  essentially  maximum  color  development. 
Consequently,  these  limits  were  incorporated  into  the  method. 

Heating  of  the  reaction  mixture  was  found  unnecessary  for 
development  of  the  full  color  intensity.  Tests  indicated  that  the 
color  developed  to  approximately  the  same  intensity  in  the  same 
period  of  time  at  40  °  C.  as  at  25  °  C. 

The  color  intensity  of  the  final  solution  wras  generally  found  to 
increase  gradually  with  time.  The  data  of  Table  V  indicate  that  a 
minimum  period  of  standing  of  4  hours  after  neutralization  is  de¬ 
sirable  to>  avoid  minor  errors.  Experience  has  indicated  that  over¬ 
night  standing  is  preferable  when  time  permits.  Variation  in 
time  of  standing  before  or  after  neutralization  did  not  appear  to 
alter  the  relative  spectral  characteristics  of  the  color  comparison 
solutions. 

ACCURACY  AND  PRECISION 

The  accuracy  and  precision  of  the  proposed  method  were  de¬ 
termined  by  analysis  (using  the  extraction  procedure)  of  samples 
of  technical  octane  to  which  known  amounts  of  alkyl  phenols  had 
been  added.  These  data,  presented  in  Table  VI,  showr  that  with 
a  satisfactory  photoelectric  colorimeter  results  can  be  obtained 
by  the  extraction  procedure  with  a  precision  of  better  than  =*=  1  % 
(0.01  mg.).  The  precision  of  the  direct  procedure  is  generally 
limited  by  the  repeatability  of  the  photoelectric  colorimeter  used ; 
with  a  sensitive  colorimeter  and  selective  light  filter  a  precision 
of  ±0.5%  (0.005  mg.)  is  generally  obtained. 


Figure  5.  Spectral  Characteristics  of  Color  Comparison  Solutions 
for  Isomeric  Dimethyl  Phenols 


The  systematic  error  is  less  than  2%  of  the  actual  concentra¬ 
tion  and  is  generally  a  negative  error.  However,  the  accuracy  of 
the  method  is  dependent  largely  upon  choosing  as  a  standard  a 


Instrument,  Coleman  spectrophotometer,  Model  10S 
Cell  depth,  1  3  mm.  (square) 

1.  0.58  mg.  of  3,5-dimethylphenol  3.  0.54  mg.  of  2,3-dimethylphenol 

2.  0.54  mg.  of  2,5-dimethylphenol  4.  0.54  mg.  of  2,4-dimethylphenol 
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Table  VI.  Accuracy  and  Precision  of  Proposed  Method 


um  Cresylic  Acids  Cresylic 

>0-225° 

C.)  Added  Acids  Found® 

Recovery 

ml.  technical  octane  Mg. 

% 

0.0 

0.0 

10.6 

10.5 

98' 8 

10.6 

10.4 

97.9 

10.6 

10.3 

97.2 

10.6 

10.3 

97.2 

■10.6 

10.5 

98.8 

10.6 

10.5 

98.8 

Systematic  error 

-1.9 

Standard  deviation 

=•=0.7 

92.2 

92.4 

100  2 

92.2 

92.2 

100.0 

92.2 

90.9 

98.6 

92.2 

91.5 

99.2 

92.2 

90.8 

98.5 

92  2 

91.3 

99.0 

Systematic  error 

-0.7 

Standard  deviation 

±0.6 

a  Spekker  photoelectric  absorptiometer. 


of  the  phepols  presents  only  a  minor  problem.  In  any  application 
it  must  always  be  realized  that  the  colorimeter  response  per  milli¬ 
gram  of  phenol  is  a  specific  property  of  that  phenol  or  phenol 


mixture  only — that  is,  the  amount  of  color  produced  by  the  vari¬ 
ous  phenols  varies  markedly.  Accuracy  of  the  method  will  de¬ 
pend  upon  the  proper  choice  of  a  standard. 

The  experimental  work  reported  in  this  paper  demonstrates 
the  wide  scope  and  versatility  of  the  method.  It  has  found  ex¬ 
tensive  use  in  research,  control,  and  specification  analytical  work 
involving  various  types  of  materials  and  phenolic  compounds. 
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Analysis  of  Ternary  Mixtures  of  Methylcyclohexane- 

Toluene-Aniline 

C.  S.  CARLSON1,  A.  E.  SCHUBERT2,  and  M.  R.  FENSKE 
Petroleum  Refining  Laboratory,  School  of  Chemistry  and  Physics,  The  Pennsylvania  State  College,  State  College,  Pa. 


A  method  of  analyzing  the  ternary  mixture  methylcyclohexane- 
toluene-aniline  has  been  developed.  The  refractive  index  of  the 
ternary  mixture  and  of  the  residual  binary  hydrocarbon  after  remov¬ 
ing  the  aniline  by  acid  extraction  completely  defines  the  ternary 
system.  With  the  aid  of  an  experimentally  established  curve,  the 
ternary  analysis  can  be  found. 

THE  analysis  of  a  binary  liquid  mixture  can  often  be  made  by 
measuring  one  physical  property  such  as  refractive  index  or 
density,  when  a  second  variable  such  as  temperature  is  fixed.  The 
introduction  of  a  third  component  complicates  the  problem  and 
necessitates  fixing  another  variable  to  permit  analysis  by  the 
measurement  of  one  physical  property.  Unfortunately,  fixing 
another  variable  is  not  easy,  since  both  temperature  and  pressure 
(1  atmosphere)  have  already  been  fixed  for  the  two-component 
system. 

Varteressian  and  Fenske  (2)  analyzed  mixtures  of  n-heptane- 
methylcyclohexane-aniline  by  means  of  refractive  index  meas¬ 
urements  for  the  special  case  of  liquid-liquid  extraction  where  the 
solution  was  saturated  and  in  equilibrium  with  a  second  immis¬ 
cible  solution  at  a  given  temperature  and  pressure,  and  also  ap¬ 
plied  this  method  to  the  system  benzene-ethyl  alcohol-water  ( 1 ) 
under  the  same  conditions.  The  method  of  analysis  described  in 
this  paper  is  concerned  with  the  case  where  the  solution  is  not 
saturated  under  specified  conditions,  but  exists  as  a  completely 
miscible  solution. 

PROPERTIES  OF  MATERIALS  USED 

The  methylcyclohexane  was  the  best  commercial  grade  fur¬ 
nished  by  the  Rohm  and  Haas  Company  of  Philadelphia.  It  wTas 
extracted  with  concentrated  sulfuric  acid,  washed,  dried,  and  then 
fractionated  in  a  laboratory  column  of  approximately  35  theoreti¬ 
cal  plates.  The  best  cuts  from  the  fractionation  were  combined 


1  Present  address,  Standard  Oil  Development  Company,  Linden,  N.  J. 

2  Present  address.  General  Electric  Company,  Schenectady,  N.  Y. 


and  used  in  this  work.  The  purified  material  had  the  following 
properties: 


50%  boiling  point  at  760  mm.,  °  C.  100. 90 

0  to  50%  boiling  point  spread,  °  C.  0.0 

Density,  dj°  0.7695 

Refractive  index,  n™  1 .42310 


The  toluene  was  also  purified  before  use.  The  best  commercial 
grade  of  nitration  toluene  furnished  by  the  Barrett  Company, 
Frankford,  Pa.,  was  fractionated  in  a  large  column  of  approxi¬ 
mately  75  theoretical  plates.  The  best  cuts  from  the  fractiona¬ 
tion  were  sulfonated  with  concentrated  sulfuric  acid  and  separated 
from  impurities  by  steam-distillation,  after  which  the  toluene  was 
regenerated  by  hydrolysis.  The  regenerated  toluene  wras  then 
first  fractionated  to  remove  any  by-product  of  hydrolysis.  The 
purified  material  had  the  following  properties: 


50%  boiling  point  at  760  mm.,  °  C.  110.65 

0  to  50%  boiling  point  spread,  °  C.  0.0 

Freezing  point,  °  C.  —95.2 

Density,  d*0  0.8672 

Refractive  Index,  n2D  1.49685 


The  aniline  was  the  water-white  commercial  product  of  the 
Dow  Chemical  Company.  Before  use,  it  was  dried  over  Baker’s 
sodium  hydroxide  pellets  and  then  subjected  to  three  successive 
simple  distillations,  discarding  a  generous  portion  of  the  fore- 


Table  I.  Analysis  of  Mixtures  of  Methylcyclohexane-Toluene- 

Aniline 

(Using  refractive  index  of  binary  hydrocarbon  mixture  and  of  ternary 

mixture) 

Composition  of  Test  Mixtures,  Weight  Per  Cent 


Gravimetric 


Composition 

By 

Analysis 

Per  Cent  Error 

M* 

T  A 

M 

T 

A 

M 

T 

A 

1 

8.24 

36.80  54.95 

8.3 

37.1 

54 . 6 

+  0.73 

+  0.81 

-0.64 

2 

20.90 

23.52  55.60 

20.8 

23.4 

55.8 

-0.48 

-0.51 

+0.36 

3 

33.80 

9.60  56.70 

33.4 

9.3 

57.3 

-1.18 

-3.13 

+  1.06 

4 

13.20  ' 

1  14.85  71.90 

13.1 

14.6 

72.3 

-0.76 

-1.68 

+  0.56 

5 

36.70 

40.70  22.60 

36.8 

40.4 

22.8 

+  0.27 

-0.74 

+  0.88 

a 

M  =  methylcyclohexane,  T  = 

toluene,  A  = 

aniline. 
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Table  II.  Composition  of  Hydrocarbon  Portion  of  Ternary  Mixtures, 
Methylcyclohexane-Toluene- Aniline 


(Expressed  as  mole  per  cent  methyleyclohexane  on  a  binary  hydrocarbon 

basis) 


Composition  by  Refrac¬ 
tive  Index,  Analysis 

Gravimetric  after  Removal  of  Aniline 

Composition  by  Dilute  HCla  Per  Cent  Error 


17.4  17.5  0.57 

45.5  45.4  -0.22 
76.75  77.1  0.46 
45.2  45.5  0.66 
45.9  46.05  0.33 


«  One  volume  of  concentrated  hydrochloric  acid  diluted  to  5  volumes  with 
distilled  water. 


runnings  and  the  residue.  The  purified  aniline  had  the  following 
properties : 

Density,  d20  1.0219 

Refractive  index,  n  d*  1  5863 

Since  the  system  being  analyzed  consists  of  one  phase  and  three 
components,  the  phase  rule,  P  +  V  =  C  +  2,  indicates  that  there 
are  four  variables.  Two  variables,  temperature  and  pressure, 
can  be  easily  fixed.  When  a  third  variable  is  fixed,  measurement 
of  a  fourth  variable  will  define  the  system.  The  third  variable 
fixed  is  the  ratio  of  methyleyclohexane  to  toluene  or  the  composi¬ 
tion  of  the  hydrocarbon  portion  of  the  mixture  on  a  solvent-free 
basis. 


Table  III.  Refractive  Index  vs.  Composition  of  Methylcyclohexane- 
Toluene-Aniline  Mixtures  with  Mole  Per  Cent  Methyleyclohexane 
in  Toluene  as  Parameter0 

Wt.  %  Ternary  Wt.  %  Ternary 

Aniline  Mixture  Aniline  Mixture 


0.0  Mole  %a  9.9  Mole  % 


0.00 

1 . 4969 

0.00 

1.4874 

10.40 

1 . 5048 

9.96 

1.4957 

20.80 

1.5132 

20.20 

1 . 5048 

31.35 

1.5226 

29.70 

1.5136 

40.60 

1.5306 

40.80 

1.5241 

50.40 

1.5394 

50.35 

1.5334 

60.30 

1 . 5486 

60.70 

1 . 5439 

70.70 

1.5581 

69.90 

1.5535 

80.20 

1 . 5669 

80.15 

1.5664 

20.2  Mole  % 

30.3  Mole  % 

0.00 

1.4784 

0.00 

1 . 4700 

10.20 

1.4880 

11.46 

1.4809 

20.70 

1.4981 

20.25 

1.4897 

30.30 

1.5076 

30.20 

1 . 5002 

40.40 

1.5181 

40.40 

1.5115 

50.85 

1.5291 

51.20 

1.5235 

60.55 

1.5398 

60.10 

1 . 5343 

70.40 

1.5512 

70.50 

1 . 5470 

77.30 

1 . 5582 

80.20 

1.5591 

40.0  Mole  % 

49.05  Mole 

% 

0.00 

1.4621 

0.00 

1.4552 

10.23 

1.4730 

10.50 

1 . 4660 

19.98 

1.4831 

20.15 

1.4769 

29.95 

1.4944 

29.90 

1.4888 

40.50 

1 . 5070 

40.45 

1 . 5020 

50.60 

1.5188 

50.65 

1.5140 

59.80 

1.5300 

61.50 

1 . 5289 

70.00 

1 . 5440 

70.70 

1.5418 

80.30 

1 . 5586 

79.80 

1 . 5550 

59.4  Mole  % 

70.1  Mole  % 

0.00 

1.4479 

0.00 

1 . 4408 

9.90 

1 . 4583 

10.20 

1.4520 

19.70 

1.4698 

29.80 

1.4762 

30.25 

1.4824 

26.45 

1.4722 

40.40 

1.4958 

40.70 

1.4905 

50.10 

1 . 5090 

50.60 

1 . 5046 

60.20 

1.5232 

60.40 

1.5191 

70.20 

1.5380 

69.20 

1.5335 

80.60 

1 . 5545 

80.20 

1.5515 

78.4  Mole  % 

90.0  Mole  % 

0.00 

1.4355 

0.00 

1.4285 

10.90 

1 . 4472 

10.50 

1.4400 

19.50 

1.4580 

20.40 

1.4505 

30.30 

1.4720 

40.50 

1.4865 

Phase  separation  occurred 

49.80 

1 . 5000 

here 

69.90 

1.5325 

79.90 

1 . 5494 

°  Mole  %  methyleyclohexane  in  toluene  on  binary  basis. 


The  refractive  index,  n2D°,  of  the  ternary  mixture  is  read.  The 
aniline  is  then  removed  from  the  mixture  by  extraction  with  dilute 
hydrochloric  acid  (1  volume  of  concentrated  acid  diluted  to  5 
volumes  with  distilled  water).  The  refractive  index,  n2D°,  of  the 
hydrocarbon  after  this  extraction  is  also  read.  From  the  latter 
datum,  the  composition  of  the  hydrocarbon  mixture  can  be  ob¬ 
tained  by  means  of  a  refractive  index-composition  chart.  This 
composition  and  the  refractive  index  of  the  ternary  mixture  are 
used  in  conjunction  with  the  curves  in  Figure  1  to  obtain  the 
weight  per  cent  of  aniline  in  the  ternary  mixture.  From  this 
value  and  the  composition  of  the  hydrocarbon  portion  of  the 
mixture,  the  over-all  composition  is  calculated. 

To  check  the  accuracy  of  this  method  of  analysis,  five  mixtures 
of  methylcyclohexane-toluene-aniline  were  made  up  gravimetri- 
eally  and  analyzed.  The  gravimetric  analyses  and  the  experi¬ 
mental  analyses  of  the  mixtures  are  listed  in  Table  I.  The  per¬ 
centage  error  is  based  upon  the  gravimetric  analysis  as  correct. 
Examination  of  the  analyses  shows  good  agreement  in  most 
cases,  while  no  value  is  greatly  in  error. 

Two  sources  of  error  exist  in  these  analyses:  the  accuracy  with 
which  the  refractive  index  of  the  ternary  mixture  can  be  read,  and 
the  accuracy  of  the  hydrocarbon  analysis  after  the  aniline  has 
been  removed  by  dilute  hydrochloric  acid  extraction.  A  study 
of  the  data  in  Table  II  will  show  that  in  almost  every  case  the 
accuracy  of  the  hydrocarbon  analysis  is  within  the  accuracy  of  the 
refractive  index  measurements.  Here  again  the  percentage  error 
is  based  upon  the  gravimetric  composition. 

The  technique  employed  in  obtaining  the  curves  in  Figure  1 
was  as  follows: 

A  binary  hydrocarbon  mixture  of  methylcyclohexane-toluene  of 
known  composition  was  weighed  out  and  combined  with  weighed 
amounts  of  aniline.  The  refractive  indexes  of  these  mixtures 
were  read  and  a  curve  of  refractive  index  versus  weight  per  cent 
aniline  was  plotted  with  mole  per  cent  methyleyclohexane  in  the 
binary  hydrocarbon  mixture  as  parameter.  Ten  points  were  ob¬ 
tained  to  establish  each  curve,  and  nine  such  curves  were  deter- 
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Table  IV.  Refractive  Index,  Mole  Per  Cent  Hydrocarbon  Composition  Data  for  Figure  1  for  System 

Methylcyclohexane-Toluene-Aniline 


Mole  %  Methyl- 


cyclohexane” 

0 

9.9 

20.2 

30.3 

40.0 

49.05 

59.4 

70.1 

78.4 

90.0 

Wt.  %  aniline 

in  ternary 

Refractive  Index  of  Ternary  Mixture 

0 

1.4969 

1.4874 

1.4784 

1.4700 

1.4621 

1.4552 

1.4479  • 

1.4408 

1.4355 

1 

.4285 

5 

1 . 5006 

1.4914 

1.4831 

1.4747 

1.4671 

1.4601 

1.4530 

1.4461 

1.4406 

1 

.4337 

10 

1 . 5045 

1.4957 

1.4878 

1.4795 

1.4723 

1.4653 

1.4585 

1.4517 

1.4462 

1 

.4394 

15 

1.5085 

1 . 5000 

1.4926 

1.4845 

1.4777 

1.4709 

1.4642 

1.4577 

1.4522 

1 

.  4455 

20 

1.5125 

1.5046 

1.4974 

1.4896 

1.4831 

1.4767 

1.4701 

1 .4639 

1.4585 

1 

.4522 

25 

1.5168 

1.5091 

1 . 5024 

1.4947 

1.4887 

1.4827 

1.4761 

1.4700 

1.4650 

30 

1.5211 

1.5138 

1 . 5073 

1  4999 

1 . 4944 

1.4889 

1.4823 

1.4765 

1.4717 

35 

1.5255 

1.5185 

1.5124 

1.5053 

1 . 5000 

1.4950 

1.4887 

1.4829 

1.4786 

40 

1.5300 

1.5233 

1.5175 

1.5108 

1.5059 

1.5013 

1.4953 

1.4895 

1.4857 

45 

1 . 5345 

1.5281 

1.5227 

1.5164 

1.5119 

1 . 5076 

1.5020 

1.4964 

1.4929 

50 

1.5391 

1.5330 

1.5281 

1.5221 

1.5181 

1.5140 

1.5088 

1.5037 

1 . 5004 

55 

1.5437 

1.5381 

1.5336 

1.5280 

1.5243 

1.5205 

1.5158 

1.5111 

1.5081 

60 

1.5483 

1 . 5432 

1.5392 

1 . 5340 

1.5308 

1.5271 

1.5229 

1.5188 

1.5160 

65 

1.5528 

1.5483 

1 . 5449 

1.5401 

1.5373 

1.5339 

1 . 5302 

1.5267 

1.5242 

70 

1 . 5574 

1 . 5537 

1 . 5506 

1 . 5463 

1.5441 

1.5409 

1.5377 

1.5348 

1.5326 

75 

1.5620 

1 . 5589 

1 . 5564 

1 . 5526 

1.5509 

1.5480 

1.5455 

1.5429 

1.5410 

80 

1 . 5667 

1.5641 

1.5622 

1.5589 

1 . 5578 

1 . 5553 

1 . 5534 

1.5512 

1 . 5496 

82 

1 . 5686 

1 . 5663 

1.5645 

1.5615 

1.5605 

1 .  .5583 

1.5565 

1.5545 

1  5531 

a  Composition  of  hydrocarbon  mixture  on  binary  basis. 


Acknowledgment  is  due  D. 
Quiggle,  S.  Lawroski,  and 
members  of  the  staff  of  the 
Petroleum  Refining  Labora¬ 
tory  for  suggestions  and  help 
in  the  purification  of  the  mate¬ 
rials  used. 

CONCLUSIONS 

Ternary  mixtures  of  methyl- 
cy  clohexane-toluene-aniline 
can  be  analyzed  rapidly  and 
with  good  accuracy  by  read¬ 
ing  the  refractive  index  of  the 
ternary  mixture,  followed  by 
reading  the  refractive  index  of 
the  hydrocarbon  portion  of  the 
mixture  after  the  aniline  has 


mined.  Curves  were  easily  fitted  to  the  experimental  points 
which  are  given  in  Table  III.  Since  the  weight  per  cent  aniline 
was  the  desired  parameter  in  this  work,  a  cross  plot  was  made, 
taking  points  from  the  curves  at  each  5  weight  per  cent  aniline. 
These  data,  given  in  Table  IV,  provided  nine  points  to  establish 
each  curve  in  Figure  1. 

The  curves  in  Figure  1  are  not  straight  lines  as  is  sometimes 
assumed.  Charts  similar  to  Figure  1  can  be  constructed  com¬ 
pletely  on  a  mole  basis  or  on  a  weight  basis  by  converting  the  data 
in  Table  IV  to  the  desired  values. 


been  removed. 

The  same  procedure  may  be  useful  for  analyzing  other  types  of 
hydrocarbon-solvent  systems. 
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Rapid  Photometric  Determination  of  Iron  in  Al  uminum 

Alloys 
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A  method  for  the  photometric  determination  of  iron  in  aluminum 
alloys  is  based  on  the  reaction  of  ferrous  iron  and  1 ,1 0-phenanthro- 
line.  The  information  given  in  this  report  is  concerned  with  the  for¬ 
mation,  stability,  and  reproducibility  of  the  reaction  of  ferrous  iron 
and  1,10-phenanthroline.  The  method  is  rapid  and  the  accuracy 
obtained  is  0.05%  of  the  amount  present. 

A  NUMBER  of  papers  (1,  3,  5,  7)  have  described  the  use  of  1,- 
10-phenanthroline  in  the  photometric  determination  of 
iron  in  foods,  iron  ores,  and  biological  materials. 

Smith  and  Richter  summarized  work  done  with  1,10-phenan¬ 
throline  up  to  1944  (6). 

Blau  gave  a  description  of  the  properties  of  1,10-phenanthroline 
along  with  the  method  of  preparation  (1).  Walden,  Hammett, 
and  Chapman  showed  that  the  complex  ion  formed  with  ferrous 
iron  and  1,10-phenanthroline  has  a  high  oxidation  potential  and 
may  be  used  as  an  indicator  in  certain  oxidimetric  procedures  (7). 
Saywell  and  Cunningham  developed  a  photometric  method  for 
determining  small  amounts  of  iron  in  fruit  juices  (5).  In  the 
field  of  metallurgical  analysis,  Mehlig  and  Hulett  described  a 
method  for  the  photometric  determination  of  iron  in  iron  ores  (S). 

The  purpose  of  the  work  described  in  this  paper  was  the  de¬ 
velopment  of  a  rapid  and  accurate  method  for  the  determination 
of  iron  in  aluminum  alloys  based  upon  the  formation  of  ferrous 
phenanthroline  complex. 

EXPERIMENTAL  WORK 

The  reaction  of  1,10-phenanthroline  and  ferrous  iron  is  the 
basis  for  the  work  described  in  this  paper.  At  the  time  of  the  in¬ 


vestigation,  there  were  no  known  published  papers  describing 
the  use  of  1,10-phenanthroline  in  the  determination  of  iron  in 
aluminum  alloys. 

The  reaction  of  1,10-phenanthroline  and  ferrous  iron  produced 
an  orange  colored  solution,  the  color  intensity  varying  with  the 
iron  content. 

Methods  for  dissolving  aluminum  were  investigated.  Hydro¬ 
chloric  acid  (1  to  1)  was  found  to  be  the  best  solvent  for  this  pur¬ 
pose;  it  also  aided  in  the  removal  of  interfering  ions,  which  are 
insoluble  in  hydrochloric  acid.  If  sodium  hydroxide  were  used, 
hydroxylamine  hydrochloride  when  added  would  act  as  an  oxi¬ 
dizer  of  iron  instead  of  a  reductant  (4). 

The  following  were  the  available  reductants:  10%  aqueous 
solution  of  hydroxylamine  hydrochloride,  0.25  molar  solution  of 
stannous  chloride,  10%  solution  of  sodium  sulfite,  formaldehyde, 
and  hydroquinone.  The  10%  solution  of  hydroxylamine  hydro¬ 
chloride  proved  to  be  the  best,  as  appreciable  errors  showed  up 
when  the  other  reductants  were  used.  This  was  due  to  the  com¬ 
plexes  formed  with  iron  which  kept  the  1,10-phenanthroline  from 
reacting  completely  with  it. 

All  spectrophotometric  measurements  were  made  with  the 
Coleman  Universal  spectrophotometer  Model  11;  the  cell  thick¬ 
ness  for  this  instrument  is  13  mm.  For  routine  work  the  Fisher 
AC  Model  electrophotometer  may  be  used  with  a  filter  of  490  m/j ; 
the  cell  thickness  is  23  mm. 

To  determine  the  wave  length  which  would  produce  the  maxi¬ 
mum  absorption,  a  representative  concentration  of  the  solution 
was  examined  at  a  series  of  wave  lengths.  The  peak  of  absorp¬ 
tion  when  using  the  Coleman  spectrophotometer  is  at  490  m/a. 
The  representative  sample  used  contained  0.50%  iron. 

A  series  of  photometric  measurements  showed  that  15  minutes 
after  the  1,10-phenanthroline  was  added  the  color  became  stable 
and  remained  so  for  at  least  48  hours.  The  tests  were  discon¬ 
tinued  at  the  end  of  this  period. 
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Very  few  ions  interfere  with  the  determination  of  iron  in  alu¬ 
minum  alloys.  Fortune  and  Mellon  made  an  exhaustive  general 
study  of  ions  which  interfere  with  the  reaction  of  ferrous  iron  and 
1,10-phenanthroline.  The  writer  found  that  silicon,  copper,  and 
bismuth  interfere  with  the  determination  of  iron  in  aluminum 
alloys  (2),  but  these  elements  are  insoluble  in  hydrochloric  acid 
and,  therefore,  can  be  removed  by  filtration.  Zinc  forms  a  pre¬ 
cipitate  with  1,10-phenanthroline.  With  small  amounts  of  zinc, 
it  was  possible  to  prevent  appreciable  interference  by  adding  a 
slight  excess  of  1,10-phenanthroline.  Unless  the  concentration 
of  zinc  was  greater  than  10  parts  per  million  it  caused  no  appre¬ 
ciable  error.  The  absence  of  interfering  ions  makes  the  method 
ideal  for  rapid,  routine  work. 

REAGENTS  REQUIRED 

Hydrochloric  Acid  (1  to  1),  1000  ml.  of  distilled  water  and 
1000  ml.  of  c.p.  hydrochloric  acid  (specific  gravity  1.19). 

Hydroxylamine  Hydrochloride  (10%).  Dissolve  10  grams 
of  c.p.  hydroxylamine  hydrochloride  crystals  in  100  ml.  of  dis¬ 
tilled  water.  (Store  in  refrigerator.  Do  not  use  if  the  solution 
has  a  brown  color.) 

1,10-Phenanthroline  (0.25%).  Dissolve  0.500  gram  of 
c.p.  1,10-phenanthroline  monohydrate  crystals  in  150  ml.  of 
boiling  distilled  water.  Cool,  transfer  to  a  200-ml.  volumetric 
flask,  and  dilute  with  distilled  water.  (Store  in  refrigerator. 
Do  not  use  if  the  solution  has  a  brown  color,  as  this  indicates 
decomposition.) 

Standard  Iron  Solution.  Dissolve  1.000  gram  of  pure  iron 
wire  in  50  ml.  of  concentrated  hydrochloric  acid.  Transfer  to  a 
1000-ml.  volumetric  flask.  Dilute  to  the  mark  with  distilled 
water  (1  ml.  =  0.1%  iron  or  0.001  gram  of  iron). 


Table  I.  Comparison  of  1 ,1 0-Phenanthroline  Photometric  Method 
and  Other  Methods 


1,10-Phenanthroline 

Sample  No. 

Other  Methods0 

Photometric  Method 

% 

% 

114B 

0.66 

0.66 

85 

0.38 

0.39 

86B 

1.52 

1.53 

4064 

0.33 

0.33 

3044 

0.68 

0.67 

2624 

0.80 

0.80 

9193 

•  0.32 

0.33 

N1218 

0.98 

0.98 

N 1223 

1.02 

1.00 

Each  value  is 

an  average  of  12  determinations. 

a  Permanganate  and  dichromate  methods. 


METHOD 

Dissolve  a  0.500-gram  sample  of  aluminum  in  30  ml.  of  hydro¬ 
chloric  acid  (1  to  1),  using  a  250-ml.  beaker  and  heating  if  neces¬ 
sary.  Filter  into  a  500-ml.  volumetric  flask,  using  Whatman  No. 
41  filter  paper.  Wash  five  times  with  hot  distilled  water,  cool,  and 
dilute  to  mark  with  distilled  water.  Pipet  10  ml.  of  solution 
into  a  100-ml.  volumetric  flask  if  the  sample  contains  up  to  0.50% 
iron.  Pipet  5  ml.  of  solution  into  a  100-ml.  volumetric  flask  if 
the  sample  contains  over  0.50%  iron.  Add  1  ml.  of  hyroxylamine 
hydrochloride  (10%)  and  mix.  Add  approximately  70  ml.  of  dis¬ 
tilled  water  and  mix.  Add  10  ml.  of  1, 10-phenanthroline  (0.25%) 
and  mix.  Dilute  to  the  mark  with  distilled  water,  shake  thor¬ 
oughly,  and  let  stand  for  at  least  15  minutes.  Using  the  Coleman 
spectrophotometer,  set  the  wave  length  dial  at  490  and  measure 
the  color  density  of  the  solution.  If  a  Fisher  electrophotometer 
is  used,  a  490  mp  filter  is  required.  Use  distilled  water  as  refer¬ 
ence  solution. 

A  shortage  of  standard  samples  made  it  necessary  to  develop 
a  method  by  which  a  pure  iron  solution  could  be  used.  This  was 
possible  because  of  the  absence  of  interfering  elements.  A  1.000- 
gram  sample  of  pure  iron  wire  was  dissolved  in  50  ml.  of  concen¬ 
trated  hydrochloric  acid,  then  transferred  to  a  1000-ml.  volumet¬ 
ric  flask  and  diluted  to  the  mark  with  distilled  water  (1  ml.  = 
0.1%  iron  or  0.001  gram  of  iron). 

All  results  obtained  in  this  study  were  calculated  on  the  basis 
of  a  pure  iron  solution  standard  (Table  I).  The  percentage 
error  was  approximately  ±0.05%  of  the  amount  present. 


Beer’s  law  was  followed  by  the  color  system,  as  shown  by  the 
straight  line  obtained  when  the  readings  of  the  observed  trans- 
mittancies  at  490  m p  for  the  solution  containing  up  to  5  00% 
iron  were  plotted  logarithmically. 

DISCUSSION 

The  formation  of  the  complex  when  ferrous  iron  reacts  with 
1,10-phenanthroline  is  represented  by  the  radical:  (Cl2H8N2)3- 
Fe++.  This  is  an  orange-colored  compound,  formed  when  1 
molecule  of  ferrous  iron  combines  with  3  molecules  of  1,10-phe¬ 
nanthroline. 

The  basic  reaction  of  hydrochloric  acid  and  the  sample  does 
not  form  any  ferric  iron,  but,  upon  heating,  some  of  the  ferrous 
iron  may  be  converted  to  the  ferric  state.  The  addition  of  the 
reductant,  hydroxylamine  hydrochloride,  converts  this  ferric  iron 
to  ferrous.  The  reverse  occurred  when  the  sample  of  aluminum 
was  dissolved  in  sodium  hydroxide;  instead  of  hydroxylamine 
hydrochloride  acting  as  a  reductant,  it  became  an  oxidizer  of  iron. 
This  method  compares  favorably  with  other  methods  of  determin¬ 
ing  iron  in  aluminum  alloys. 

An  important  advantage  over  other  photometric  methods  for 
determination  of  iron  is  that  the  pH  need  not  be  regulated  closely. 
However,  the  ferrous  color  will  not  develop  at  a  pH  much  below 
2,  and  the  reduction  of  iron  with  hydroxylamine  is  slow  at  a  pH 
much  above  3.  The  color  formation  occurs  in  the  acid  solution, 
eliminating  the  difficulties  usually  caused  by  precipitation  of 
metal  hydroxides  and  hydrated  oxides  in  alkaline  solution.  An¬ 
other  advantage  is  freedom  from  interference  of  diverse  ions. 

SUMMARY 

The  reaction  of  1,10-phenanthroline  and  ferrous  iron  produces 
an  orange-colored  complex.  Any  ferric  iron  present  is  reduced 
with  hydroxylamine  hydrochloride. 

Very  few  ions  interfere  with  the  color  reaction.  Silicon,  copper, 
and  bismuth  are  the  most  common  elements  present  in  alumi¬ 
num  alloys  which  interfere  with  the  formation  of  the  ferrous- 
phenanthroline  complex,  but  they  are  eliminated  by  filtration 
because  they  are  insoluble  in  the  solvent  for  aluminum. 

Tests  prove  that  the  color  reaction  is  stable  for  at  least  48 
hours,  thus  confirming  the  observations  of  other  workers. 

The  wave  length  of  490  mp  produces  the  maximum  absorption 
of  these  instruments. 

Representative  samples,  analyzed  and  plotted  logarithmically, 
prove  Beer’s  law  holds  for  the  concentrations  employed. 

An  accuracy  of  ±0.05%  is  possible  with  this  method.  It  is 
more  rapid  than  the  standard  volumetric  or  gravimetric  methods 
for  determining  iron  in  aluminum  alloys. 
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Chemical  Determination  of  Vitamin  A  in  Dried  Whole  Eggs 
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A  chemical  method  is  described  for  the  determination  of  vitamin  A 
in  dried  whole  eggs  by  the  use  of  chromatographic  adsorption. 
After  the  sample  is  hydrolyzed  with  alkali  and  extracted  with  ethyl 
ether,  the  unsaponifiable  fraction  is  adsorbed  on  a  column  of  calcium 
hydroxide  and  the  /3-carotene,  cryptoxanthol,  vitamin  A,  luteol, 
and  zeaxanthol  bands  are  allowed  to  separate.  The  provitamins 
are  eluted  and  determined  separately.  Antimony  trichloride  re¬ 
agent  is  then  added  to  the  combined  vitamin  A  and  provitamin  A 
eluates  and  the  amount  of  blue  color  determined  in  a  photoelectric 
colorimeter.  Data  presented  on  nine  samples  of  dried  eggs  show 
that  the  values  obtained  by  the  chemical  method  agree  within  10% 
with  those  obtained  by  bioassay. 

ATTEMPTS  to  use  published  chemical  methods  (5,  7)  for 
the  determination  of  vitamin  A  in  dried  eggs  in  this  labora¬ 
tory  failed  to  give  values  in  agreement  with  those  obtained  by 
bioassay.  Investigation  showed  that  differences  resulted  from 
poor  extractability  of  the  vitamin  and  errors  caused  by  the  pres¬ 
ence  of  large  amounts  of  carotenols  for  which  arbitrary  correc¬ 
tions  were  not  reliable. 

When  extraction  of  dried  eggs  in  the  Waring  Blendor  was 
tried  as  outlined  in  the  method  of  Schrenk,  Chapin,  and  Conrad 
(7),  a  large  amount  of  vitamin  A  remained  in  the  residue.  The 
residue  was  hydrolyzed  with  alkali  and  extracted  with  ethyl 
ether,  after  which  the  light  absorption  of  the  extract  was  meas¬ 
ured  at  326  and  450  millimicrons.  The  values  obtained  indicated 
the  presence  of  substantial  amounts  of  both  vitamin  A  and  carot¬ 
enoids.  Values  obtained  by  the  Carr-Price  reaction  further 
substantiated  the  presence  of  vitamin  A. 

Bioassays  of  the  extracted  residue  provided  further  proof  that 
ethyl  ether  extraction  of  the  whole  egg  does  not  remove  vitamin 
A  quantitatively.  In  this  experiment  about  200  grams  of  a 
dried  egg  sample  were  extracted  with  ethyl  ether  in  a  large  Soxh- 
let  extractor  for  24  hours.  The  residue  showed  a  biological  po¬ 
tency  equivalent  to  14.5  I.U.  of  vitamin  A  per  gram. 

Various  solvents  were  used  in  attempts  to  remove  the  vitamin 
A  quantitatively.  A  45-gram  sample  of  dried  egg  was  extracted 
with  about  250  ml.  of  solvent  in  a  Soxhlet  extractor.  To  test  the 
completeness  of  extraction,  a  sample  of  the  residue  was  hydrolyzed 
with  alkali,  the  unsaponifiable  matter  was  extracted  with  ethyl 
ether,  and  the  amount  of  vitamin  A  was  determined  by  the  Carr- 
Price  reaction.  The  results  (Table  I)  showed  that  ethyl  ether 
was  the  poorest  solvent  of  those  tried  for  the  extraction  of  vita¬ 
min  A.  However,  the  solvents  which  were  most  effective  for  the 
extraction  had  relatively  high  boiling  points,  and  prolonged 
heating  resulted  in  darkening  of  the  extract. 

Large  amounts  of  carotenols  in  the  dried  eggs  were  shown  to 
cause  substantial  errors  when  attempts  were  made  to  determine 
the  vitamin  A  by  means  of  the  Carr-Price  colorimetric  procedure 
as  modified  by  Koehn  and  Sherman  ( 5 ).  Klose,  Jones,  and  Fe- 
vold  (4)  reported  satisfactory  agreement  of  results  obtained  by 
this  method  with  those  shown  by  bioassay.  When  this  procedure 
was  used  with  the  total  unsaponifiable  extract  the  values  were 
consistently  higher  than  those  with  the  bioassay  procedure 
(Table  III,  column  3).  Attempts  to  employ  an  arbitrary  factor 
to  correct  for  carotenoids  were  unsuccessful. 

Reliable  results  were  obtained  by  chromatographic  separation 
of  the  unsaponifiable  extract  obtained  after  direct  alkaline  hy¬ 
drolysis  of  the  whole  egg.  Gillam  and  Heilbron  (2)  had  shown 
that  the  vitamin  A  of  egg  yolk  could  be  separated  from  xantho- 

1  Present  address,  U.  S.  Army  Medical  Nutrition  Laboratory,  Chicago  9, 
Ill. 


phylls  by  adsorption  on  calcium  carbonate  and  elution  with 
petroleum  ether-benzene.  However,  no  attempt  at  quantitative 
separation  was  made. 

Preliminary  trials  in  this  laboratory  revealed  that  calcium  hy¬ 
droxide  was  a  better  adsorbent  than  calcium  carbonate  for  the 
chromatographic  separation  of  the  carotenoids  of  eggs.  When 
the  unsaponifiable  extract  was  adsorbed  from  a  petroleum  ether 
solution  and  the  column  developed  with  a  mixture  of  60%  ben¬ 
zene  and  40%  petroleum  ether  a 'sharp  separation  was  obtained. 
The  carotenoids  were  eluted  from  the  column  in  the  following 
order:  /3-carotene,  cryptoxanthol,  vitamin  A,  luteol,  and  zeaxan¬ 
thol.  The  identity  of  /3-carotene,  cryptoxanthol,  and  luteol  was 
established  by  comparing  light  absorption  curves  (Beckman 
spectrophotometer,  Model  DU)  with  the  curves  of  the  pure 
materials  ( 8 ).  The  zeaxanthol  band  contained  large  amounts 
of  isomerized  material  as  indicated  by  comparison  with  a  curve 
of  pure  zeaxanthol.  The  amounts  of  /3-carotene,  cryptoxanthol, 
and  total  carotenoids  agreed  well  with  the  values  obtained  by 
Schrenk  et  al.  (7)  (Table  III).  A  satisfactory  light-absorption 
curve  on  the  vitamin  A  eluate  was  not  obtained.  Contributing 
to  this  failure  was  a  contaminant  dissolved  from  the  calcium 
hydroxide  and  Hyflo  Super-Cel  which  absorbed  in  the  region  of 
310  to  370  millimicrons.  The  presence  of  this  material  was 
shown  by  allowing  the  benzene-petroleum  ether  solution  to  run 
through  fresh  adsorbent  and  determining  the  light  absorption  of 
the  percolate.  This  material  gave  no  color  with  antimony  tri¬ 
chloride  but  attempts  to  remove  it  completely  before  chromato¬ 
graphing  were  unsuccessful. 

Preliminary  attempts  to  determine  vitamin  A  concentration 
by  direct  spectrophotometric  measurements  on  the  eluate  were 
discouraging.  This  was  consistent  with  the  observations  of 
Hauge,  Zscheile,  Garrick,  and  Bohren  (3)  who  found  that  the 
curves  given  by  the  total  carotenoids  of  fresh  eggs  as  well  as 
dried  eggs  were  very  different  from  that  of  vitamin  A  alcohol, 
both  in  position  of  maximum  and  in  shape.  Denton,  Cabell, 
Bastron,  and  Davis  (I)  found  they  could  not  determine  vitamin 
A  in  dried  eggs  spectrophotometrically  because  impurities  ab¬ 
sorbing  in  the  region  of  the  vitamin  A  maximum  did  not  remain 
constant  during  storage. 

Adsorption  and  elution  of  vitamin  A  from  the  calcium  hydrox¬ 
ide  chromatogram  were  shown  to  be  satisfactory  (Table  II). 
Crystalline  vitamin  A  alcohol  and  the  unsaponifiable  fraction 
from  standard  U.S.P.  reference  cod  liver  oil  were  used  in  these 
tests.  In  each  case  the  vitamin  was  adsorbed  from  petroleum 
ether  solution  and  eluted  with  benzene-petroleum  ether.  The 
solvent  was  removed  from  the  eluate,  the  vitamin  A  redissolved 
in  chloroform  and  treated  with  antimony  trichloride  reagent, 


Table  I.  Efficiency  of  Solvents  in  Extraction  of  Vitamin  A  from 
Dried  Whole  Egg“ 


Extraction 

Per  Cent  of  Initial 
Weight  of  Egg 

Vitamin  A 
Content  of 

Solvent 

Time 

Extracted 

Residue 

Ethyl  ether 

Hours 

30 

38.0 

I.  U./aram 
9.3 

89 

41.7 

9.7 

Ethyl  alcohol 

42 

5L0 

2.3 

Absolute  alcohol 

89 

51 . 5 

2.3 

80%  benzene  ) 

42 

50.0 

2.0 

20%  alcohol  ) 

80%  benzene  1 

89 

51.0 

2.3 

20%  absolute  alcohol  j 
Carbon  tetrachloride 

94 

43.9 

2.0 

1,2-dichloroethane 

94 

46 . 5 

1 . 5 

Trichloroethylene 

42 

45.5 

3.7 

a  Vitamin  A  content  by  bioassay,  60  I.U.  per  gram. 
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and  the  light  transmission  determined  with  an  Evelyn  photo¬ 
electric  colorimeter.  Further  studies  showed  that  vitamin  A 
could  be  separated  from  luteol.  This  pigment  followed  vitamin 
A  closely  on  the  chromatogram. 

METHOD 

For  the  hydrolysis,  a  5.0-gram  sample  is  weighed  into  a  125-ml. 
Erlenmeyer  flask,  and  20  ml.  of  absolute  methanol  and  5  ml.  of 
saturated  aqueous  potassium  hydroxide  are  added.  The  contents 
are  stirred  with  a  glass  rod  until  complete  suspension  of  the  sample 
is  effected.  The  flask  is  then  heated  on  a  steam  bath  for  10  min¬ 
utes  or  until  the  dried  egg  particles  are  disintegrated.  The 
hydrolyzate  is  then  cooled  and  transferred  with  70  ml.  of  water 
to  a  500-ml.  separatory  funnel.  The  first  extraction  is  made  with 
35  ml.  of  peroxide-free  ethyl  ether  and  the  four  subsequent  ex¬ 
tractions  with  25-  to  30-ml,  portions.  The  last  extractions 
should  be  almost  colorless.  The  ether  extract  is  washed  five  times 
with  25-ml.  portions  of  water,  after  which  it  is  dried  over  20 
grams  of  anhydrous  sodium  sulfate  for  1  hour  at  room  tempera¬ 
ture.  The  ether  extract  is  evaporated  to  approximately  15  ml. 
under  reduced  pressure  in  a  50°  C.  water  bath  and  then  trans¬ 
ferred  to  a  25-ml.  volumetric  flask  with  dry  petroleum  ether. 
If  the  solution  still  contains  some  moisture,  as  indicated  by 
cloudiness,  it  should  be  dried  with  a  small  amount  of  sodium 
sulfate. 

In  the  chromatographic  separation  10  ml.  of  this  solution  are 
adsorbed  on  a  column  (20  X  135  mm.)  of  3  parts  of  calcium  hy¬ 
droxide  (Braun’s  Lot  No.  10,588)  and  2  parts  of  Hvflo  Super-Cel. 
The  chromatogram  is  developed  with  a  mixture  of  60%  benzene 
(thiophene-free)  and  40%  dry  petroleum  ether.  The  two  lowest 
bands  containing  /3-carotene  and  cryptoxanthol  are  eluted  sepa¬ 
rately.  The  vitamin  A  fraction  is  collected  until  the  luteol  be¬ 
gins  to  give  a  yellow  color  to  the  eluate.  If  the  column  is  properly 
packed,  the  /3-carotene  and  cryptoxanthol  bands  are  easily  dis¬ 
tinguished.  The  luteol  band  should  be  sharp  as  it  nears  the  bot¬ 
tom  of  the  column.  Fifty  to  80  I.U.  of  vitamin  A  and  150  to  200 
micrograms  of  total  carotenoids  (as  /3-carotene)  can  be  handled 
satisfactorily  with  the  column  described.  A  total  volume  of  250 
to  500  ml.  of  combined  /3-carotene,  cryptoxanthol,  and  vitamin  A 
eluate  is  the  optimum  range  for  best  results. 


Table  II.  Recovery  of  Vitamin  A  from  a  Calcium  Hydroxide 

Chromatogram 

Vitamin  A  Vitamin  A 


Source  of  Vitamin  A 

Adsorbed 

Eluted 

Recovery 

I.  U. 

I.  U. 

% 

U.S.P.  reference  cod  liver  oil  No.  2 

24 

26 

108 

122 

115 

95 

235 

243 

103 

Crystalline  vitamin  A  alcohol® 

19.7 

19.0 

96 

20.3 

18.5 

91 

a  Purchased  from  Distillation  Products,  Inc. 


Table  III.  Comparison  of  Chemical  and  Bioassay 

Chemical  Methods 


After  removing  the  solvent  from  the  /3-carotene  and  crypto¬ 
xanthol  fractions,  they  are  taken  up  in  10  ml.  of  petroleum  ether 
and  the  light  transmission  is  measured  by  means  of  the  Evelyn 
photoelectric  colorimeter  with  the  standard  440  m^  filter.  These 
solutions  are  then  recombined  with  the  vitamin  A  fraction  and 
the  solution  is  evaporated  under  reduced  pressure  at  50°  C.  to 
approximately  15  ml.  This  solution  is  then  transferred  to  a  25- 
ml.  volumetric  flask  with  redistilled  chloroform.  Chloroform  is 
used  in  this  transfer  because  it  is  a  somew'hat  better  solvent  than 
petroleum  ether.  Ten  milliliters  of  this  solution  are  evaporated 
to  dryness  in  a  colorimeter  tube  and  redissolved  in  2  ml.  of  chloro¬ 
form.  The  tube  is  placed  in  the  Evelyn  instrument,  8  ml.  of  an¬ 
timony  trichloride  reagent  are  added,  and  the  light  transmission 
is  measured  with  the  standard  620  filter.  The  blue  color  should 
be  read  within  5  to  10  seconds  after  the  antimony  trichloride  re¬ 
agent  is  added.  This  color  should  be  brilliant  and  clear.  Cloudi¬ 
ness  in  the  solution  at  this  point  usually  indicates  insufficient 
care  in  excluding  adsorbent  or  moisture. 

One  gram  of  U.S.P.  reference  cod  liver  oil  No.  2  was  saponi¬ 
fied  and  extracted  by  the  above  procedure  in  establishing  the 
calibration  curve  for  the  vitamin  A.  A  sample  of  /3-carotene, 
purified  by  chromatography,  was  used  as  the  standard  for  the 
determination  of  /3-carotene,  cryptoxanthol,  and  total  carotenoids. 

RESULTS  AND  DISCUSSION 

Results  obtained  on  dried  egg  samples  with  this  method  were 
reproducible  and  showed  good  agreement  with  those  obtained  by 
bioassay  (Table  III).  Eight  samples  of  dried  eggs  of  different 
storage  history  were  tested  for  vitamin  A  by  both  methods  with 
a  maximum  deviation  of  10%  in  results.  Eight  replicate  chemi¬ 
cal  determinations  on  a  single  sample  showed  similar  reproduci¬ 
bility. 

-  Several  precautions  w'ere  found  necessary  with  respect  to 
materials  and  procedure;  other  precautions  were  taken  without 
testing  their  importance.  One  of  the  most  important  precautions 
to  be  observed  in  using  this  method  is  the  preparation  of  the  pe¬ 
troleum  ether.  Some  samples  of  commercial  petroleum  ether 
contain  an  impurity  which  produces  a  green  color  when  mixed 
with  the  antimony  trichloride  reagent.  The  use  of  such  petro¬ 
leum  ether  without  purification  results  in  erratic  vitamin  A 
values.  The  petroleum  ether  was  purified  as  follows: 

Four  to  five  gallons  of  commercial  petroleum  ether  (boiling 
point  65°  to  67°  C.)  were  percolated  through  a  column  (7  X  35 
cm.)  of  silica  gel  (The  Davison  Chemical  Corporation,  No.  659,- 
528-2000).  The  percolate  was  then  placed  in  a  5-gallon  flask  and 
stirred  mechanically  for  several  hours  with  each  of  two  successive 
portions  of  concentrated  sulfuric  acid.  The  two  phases  w'ere 
separated  and  the  last  trace  of  acid  wras  removed  by  treatment 
with  a  dilute  solution  of  sodium  hydroxide.  The  petroleum  ether 

was  then  stirred  for  a  few  hours 
with  alkaline  potassium  per- 

-  manganate,  after  w'hich  it 

w'as  drawn  off,  distilled,  and 
Methods'2  dried  over  anhydrous  sodium 

sulfate. 


Not  Chromatographed  Bio- 


Chromatographed 

assay, 

I.U.  (Chemical) 

carote- 

Vitamin 

(3- 

Crvpto- 

Vitamin 

Total  vitamin 

Vita- 

I.U.(Bioassajr)  X 

Sample 

noids& 
M icro- 
grams / 
gram 

Ac 

Carotene 

xantholl’ 

A 

A  activity"* 

min  A 

100 

I.  U./gram 

M  icro  grams/ gram 

I.  U./gram 

I.  U./gram 

3B 

100.6 

71.4 

3.0 

3.2 

39.0 

46.7 

44.0 

106 

4B 

106.9 

93.0 

3.4 

3.6 

31.5 

40.2 

41.0 

98 

5B 

102.0 

75.5 

4.3 

4.8 

30.7 

41.9 

43.0 

98 

8B 

70.3 

54.7 

2.6 

3.0 

21.2 

28.0 

30.0 

94 

9B 

114.0 

82.0 

3.3 

3.3 

30.2 

38.5 

41.0 

94 

10B 

101.3 

74.0 

2.9 

3 . 5 

25.5 

33.3 

36.0 

93 

12B 

79.5 

65.0 

2.5 

2.7 

26.0 

32.4 

32.0 

101 

13B 

72.9 

2.2 

3.6 

20.9 

27.6 

25.0 

110 

14 

98.2 

80  0 

2.8' 

3.4' 

35.1 

42.6 

45.0 

95 

94.5 

37.0 

44.5 

99 

95.0 

36.4 

43.9 

97 

97.6 

36.  1 

43.6 

97 

91.9 

33,9 

41.4 

92 

97.7 

36.8 

44.3 

98 

36.9 

44.4 

99 

95 . 7 

33.4 

40.9 

91 

a  All  values  expressed  on  moisture-free  basis. 

6  Expressed  as  /3-carotene. 

c  Calculated  from  blue  color  given  by  total  unsaponifiable  extract. 

d  I.U.  of  vitamin  A  equivalent  to  0.6  microgram  cf  /3-carotene  and  1.2  micrograms  of  cryptoxanthol  (6). 
e  Four  determinations  gave  2.8  and  3.4  as  average  values  for  /3-carotene  and  cryptoxanthol,  respectively, /)n  this 
sample. 


Trouble  was  encountered 
with  the  adsorbent  when  the 
humidity  in  the  laboratory  be¬ 
came  high.  Under  these  con¬ 
ditions  the  carotenoids  moved 
too  rapidly  down  the  column 
and  it  was  impossible  to  sepa¬ 
rate  the  /3-carotene  and  crypto¬ 
xanthol  fractions.  This  diffi¬ 
culty  was  avoided  by  storing 
the  adsorbent  in  a  desiccator 
over  sulfuric  acid  and  remov¬ 
ing  it  only  long  enough  to 
pack  the  column. 

Among  the  necessary  oper¬ 
ations  was  the  addition  of 
the  /3-carotene  and 
cryptoxanthol  fractions  back 
to  the  vitamin  A 
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eluate  before  reacting  with  antimony  trichloride,  since  it  was 
found  that  small  amounts  of  the  vitamin  were  contained  in  these 
two  eluates.  This  overlapping  of  vitamin  A  with  the  carotene 
and  cryptoxanthol  bands  was  not  prevented  by  complete  re¬ 
moval  of  the  ether  from  the  petroleum  ether-ether  solution  of  un- 
saponifiables  before  chromatographing.  However,  the  bands 
were  sharper  when  pure  petroleum  ether  was  used.  0-Carotene 
and  cryptoxanthol  were  shown  experimentally  to  give  only  7  and 
11%,  respectively,  of  the  blue  color  given  by  vitamin  A  on  reac¬ 
tion  with  antimony  trichloride.  Therefore,  the  effects  of  the  0- 
carotene  and  cryptoxanthol  on  the  total  blue  color  development 
were  so  small  as  to  be  negligible.  With  one  lot  of  eggs  which  was 
analyzed  an  additional  small  band  was  observed  in  the  region 
of  the  0-carotene  and  cryptoxanthol  bands.  Depending  upon  the 
dietary  constituents  of  the  hen,  still  other  bands  might  be  ex¬ 
pected.  Should  these  occur  in  substantial  amounts  a  correction 
would  be  necessary. 

The  following  precautions  were  used  without  testing  their  im¬ 
portance. 

Freshly  distilled  ethyl  ether  was  used  for  extraction  of  the 
vitamin.  Anhydrous  ethyl  ether  (alcohol-free)  was  allowed  to 
stand  several  days  over  potassium  hydroxide  and  then  redistilled. 
Chloroform  (A.K.)  was  distilled  over  anhydrous  potassium  car¬ 


bonate  and  stored  in  a  brown  bottle.  The  antimony  trichloride 
reagent  was  made  up  by  dissolving  22.5  grams  of  antimony  tri¬ 
chloride  in  100  ml.  of  redistilled  chloroform,  filtering,  and  storing 
in  a  brown  bottle.  A  pipet  calibrated  to  deliver  8  ml.  and 
equipped  with  a  rubber  bulb  for  rapid  delivery  was  used  for  add¬ 
ing  the  antimony  trichloride  reagent  directly  to  the  sample  in 
the  colorimeter  tube.  An  all-glass  distillation  apparatus  was 
used  for  the  removal  of  solvent. 
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Measuring  Coverage  and  Film  Thickness  of  Printing  Ink 

and  Paint  Films 

ROLF  BUCHDAHL  AND  MARGARET  F.  POLGLASE,  Research  Division,  Sun  Chemical  Corporation,  New  York,  N.  Y. 


THE  determination  of  the  amount  of  paint,  lacquer,  or  print¬ 
ing  ink  on  a  given  area  of  a  certain  surface — i.e.,  paper, 
metal,  wood,  or  plastic — -is  of  considerable  interest  in  various 
technical  fields.  In  the  printing  process,  for  example,  it  is  de¬ 
sirable  to  print  as  thin  a  film  as  possible  because  this  reduces,  or 
eliminates  completely,  technical  difficulties  such  as  slow  drying, 
offset,  and  fill-up  in  the  half-tone  plates,  which  are  frequently 
encountered  when  it  is  necessary  to  use  a  greater  film  thickness. 
Similar  considerations  apply  in  the  field  of  paint  technology. 
Furthermore,  the  optical  properties  of  a  paint  or  printing  ink 
film  are  closely  related  to  the  film  thickness.  Both  the  reflection 
and  transmission  spectra  are  functions  of  the  film  thickness. 
Hiding  power  depends  essentially  on  the  over-all  absorption  co¬ 
efficient  as  a  function  of  the  wave  length  and  the  thickness  of  the 
particular  specimen.  The  relationship  between  coverage  and 
the  actual  structure  to  which  the  film  is  applied  is  another  im¬ 
portant  problem  in  the  paint  and  printing  ink  field. 

Several  methods  have  been  described  in  the  literature  for 
measuring  the  coverage  or  the  thickness  of  such  films.  One  of 
he  simplest  procedures  consists  in  weighing  the  specimen  before 
ind  after  application  of  the  film-forming  material.  When 
ipplied  to  printing  on  paper  this  method  is  not  satisfactory  be¬ 
muse  an  accurate  weight  determination  (within  0.3  mg.)  of  a 
dieet  of  paper  is  impossible.  This  difficulty  has  been  overcome 
.2)  by  using  as  a  printing  plate  a  very  thin  sheet  of  copper  (or 
some  other  suitable  metal)  which  is  held  firmly  to  a  heavy  base 
luring  the  printing  operation.  The  weight  of  the  copper  sheet 
Jefore  and  after  printing  can  easily  be  determined  to  within 
=*=0.1  mg.  Although  the  method  in  this  form  is  very  accurate, 
t  has  several  drawbacks  which  limit  its  usefulness  considerably. 
The  film  thickness  can  be  determined  only  if  the  material  is 
ipplied  as  described  above;  it  is  not  satisfactory  if  a  film-forming 
material  containing  some  volatile  matter  is  employed.  An  elec- 
rical  method  (0),  based  on  capacity  measurements,  cannot  be 
ipplied  for  measurements  upon  paper  surfaces.  Optical  methods 
1,  4),  based  on  interference  patterns  or  on  microscopic  examina¬ 


tion  of  microtome  sections,  are  either  not  applicable  to  paper 
surfaces  or  too  impractical  to  be  useful. 

Two  methods  developed  in  this  laboratory  overcome  most  of 
the  difficulties  mentioned  above.  Both  methods  make  use  of  a 
tracer  material  which  is  added  to  the  film-forming  material.  In 
one  case  the  tracer  material  is  a  dyestuff,  in  the  other  a  radio¬ 
active  isotope.  Although  both  methods  were  developed  primarily 
to  study  the  film  thickness  of  printing  inks,  they  are  believed  to 
be  applicable  to  paints,  lacquers,  or  other  protective  coatings. 

METHODS 

Dyestuff  as  Tracer  Material.  A  known  amount  of  dye¬ 
stuff  is  added  to  a  printing  ink,  and  prints  made  from  this  ink 
are  put  into  a  Soxhlet  extractor.  Using  alcohol,  for  example,  it  is 
possible  to  remove  the  dyestuff  quantitatively  from  the  print. 
The  amount  of  dyestuff  present  in  the  alcohol  solution  is  deter¬ 
mined  by  measuring  the  transmission  coefficient  at  a  given  wave 
length,  following  the  standard  procedure  of  quantitative  colori¬ 
metric  analysis. 

To  obtain  satisfactory  results  the  following  factors  should  be 
carefully  considered.  The  absorption  spectra  of  the  extraction 
and  of  the  standard  solutions  (which  furnish  the  calibration 
curve)  must  be  identical,  as  shown  in  Figure  1,  at  least  in  the 
wave-length  region  where  the  colorimetric  measurements  are 
made.  The  presence  of  oils  and  resins  in  the  extraction  may  in 
certain  cases  shift  the  absorption  bands  sufficiently  to  produce 
erroneous  results.  The  extraction  must  be  complete.  This  can 
easily  be  verified  by  repeated  extractions  or  by  a  comparison  of 
results  obtained  with  the  gravimetric  method  (0)  and  the  dyestuff 
method,  using  the  same  prints  in  both  cases.  Data  given  in 
Table  I,  which  are  typical  of  a  large  number  of  printing  inks, 
show  that  the  extraction  is  complete.  The  absorption  can  also  be 
disturbed  by  the  presence  of  colloidal  particles,  such  as  carbon 
black  pigments,  which  might  produce  a  certain  amount  of  tur¬ 
bidity.  This  point  can  easily  be  checked  by  running  extractions 
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Figure  1.  Log  D  Curves  of  Two  Dyestuff  Solutions 


Figure  3.  Reflection  Spectrum  of  Prints  of  Different 
Film  Thickness 


500  550  600  650  700 

WAVELENGTH  IN  MILLIMICRONS 


Figure  2.  Counting  Rate  as  a  Function  of  Amount 
of  Ink  on  a  Given  Print  Area 


Figure  4.  Transmission  Spectrum  of  Prints  of 
Different  Thickness 


on  a  printing  ink  containing  no  dyestuff.  In  this  case  the  absorp¬ 
tion  spectrum  of  the  extraction  should  be  the  same  as,  or  at  least 
very  close  to,  the  absorption  spectrum  of  the  solvent.  Finally,  it 
must  be  ascertained  that  the  absorption  spectrum  of  the  dyestuff 
does  not  change  irreversibly  at  the  temperature  at  which  the  ex- 


Table  I.  Amount  of  Printing  Ink  on  a  Given  Print  Area 

(Dyestuff  used,  methyl  violet.  Extraction  solvent,  alcohol.  Extraction 
time,  approximately  30  minutes  per  print) 


traction  is  carried  out. 
When  all  these  factors 
are  taken  into  account 
the  results  obtained 
by  this  method  are 
judged  to  be  accurate 
to  at  least  =*=7%. 

Radioactive  Iso¬ 
tope  asTracer  Mate¬ 
rial.  A  known  quan¬ 
tity  of  a  radioactive 
compound  (preferably 
a  liquid)  is  added  to 
a  printing  ink.  Using 
the  modified  weighing 
method  described 
above,  a  print  is  made 
with  a  known  amount 
of  ink  on  a  given  area 
of  paper.  The  activity 
of  this  print  is  meas¬ 
ured  with  a  conven¬ 
tional  Geiger  counter 
set.  (The  instrument 
used  in  these  experi¬ 
ments  is  built  by  the 
Cyclotron  Specialties 
Corporation,  Moraga, 
Calif.)  This  quantity 
and  the  background 
activity  due  to  cosmic 
radiation  give  the  cali¬ 
bration  curve  (Fig¬ 
ure  2).  The  calibra¬ 
tion  curve  changes  with 
time  because  of  the 
constant  decay  of  the 
radioactive  isotope. 

In  order  to  ob¬ 
tain  satisfactory  re¬ 
sults  the  following 
points  should  be 
considered.  The 
position  of  the 
counter  tube  relative 
to  the  sample  must  remain  the  same  because  the  number  of  radio¬ 
active  disintegrations  picked  up  by  the  counter  tube  depends 
among  other  things,  on  the  geometry  of  the  experimental  setup 
The  radioactive  material  should  be  uniformly  distributee 
throughout  the  printing  ink.  This  can  best  be  achieved  by  using 
a  material  which  is  miscible  with  the  liquid  phase  of  the  printing 
ink.  Finally,  the  activity  of  the  specimen  under  test  should  be 
at  least  twice  that  due  to  the  background  radiation.  An  accu¬ 
racy  of  =*=3%  can  easily  be  obtained  with  this  method. 


Gravimetric  Method 

Gram/ 25 

0.0521 
0.0283 
0.0331 
0.0310 
0 . 0430 
0.0380 


Dyestuff  Method 

r.  inches 

0 . 0480 
0.0320 
0.0314 
0.0314 
0 . 0438 
0.0374 


Table  II.  Amount  of  Ink  on  a  Given  Area  of  a  Print  for  Different 

Papers 


Machine  Coated  Paper 


1 

2 

3 

4 

5 


Amount  of  Ink 
Gram/sq.  cm. 

0.405  X  10 
1.03  X  10-< 
1.21  X  10-* 
1.40  X  10-< 
2.5  X  10-< 


RESULTS 

Table  I  gives  comparative  data  obtained  with  the  dyestuff  anc 
the  gravimetric  methods  for  a  series  of  prints,  using  the  same  ini 
and  paper.  Table  II  shows  the  amount  of  ink  taken  up  by  vari¬ 
ous  papers,  keeping  all  other  variables  constant.  The  dyestuf 
method  was  used  to  obtain  these  data. 

Figures  2,  3,  and  4  show  results  using  a  radioactive  isotope  a,‘ 
tracer  material.  A  radioactive  isotope  of  phosphorus  in  the  forn 
of  phosphorus  pentachloride  (obtained  from  the  Radiatior 
Laboratories,  Massachusetts  Institute  of  Technology)  was  usee 
in  these  experiments.  Figure  2  shows  a  comparison  between  the 
radioactive  and  the  gravimetric  methods.  The  scattering  of  some 
of  the  points  on  this  graph  is  due  to  the  nonuniform  distributor 
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of  the  ink  on  the  paper  surface.  For  the  gravimetric  method  the 
amount  of  ink  per  unit  area  was  determined  from  a  print  area  of 
12.5  X  12.5  cm.  (5X5  inches);  the  radioactive  measurements, 
however,  were  made  on  a  print  area  of  5  X  5  cm.  (2X2  inches). 
Figure  3  shows  the  change  of  the  reflection  coefficient  (meas¬ 
ured  with  a  GE  recording  spectrophotometer)  as  a  function  of 
the  film  thickness;  Figure  4  shows  the  change  of  the  transmission 
spectrum  (between  400  and  700  millimicrons)  of  a  printing  ink 
printed  on  cellophane  paper  as  a  function  of  the  film  thickness. 

There  are  limitations  to  both  methods.  Although  the  dye¬ 
stuff  method  can  be  applied  in  many  cases  where  the  gravimetric 
method  breaks  down,  it  is  still  a  relatively  slow  procedure. 
Furthermore,  in  many  cases  it  might  be  undesirable  or  even  im¬ 
possible  to  incorporate  a  dyestuff  into  the  material  under  con¬ 
sideration.  The  most  important  limitation  with  regard  to  the 


radioactive  tracer  method  is  that  imposed  by  the  radioactive 
decay  of  the  isotope.  The  particular  isotope  in  this  work  has  a 
half-life  of  15  days.  Using  a  fairly  strong  preparation  (60  micro- 
curies  per  cc.  of  varnish)  the  coverage  on  an  area  of  25  sq.  cm. 
(4  square  inches)  can  be  determined  for  a  period  of  about  6 
weeks.  On  the  other  hand,  the  advantages  gained  by  the  use  of 
either  of  the  methods  outweigh  the  limitations.  Both  methods 
are  accurate  and  can  be  performed  simply  and  more  universally 
than  existing  methods. 
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Spectrophotometric  Procedure  for  Quantitative  Estimation 

of  Vitamins  D 

JAMES  B.  De  WITT,  U.  S.  Food  and  Drug  Administration,  AND  M.  X.  SULLIVAN,  Chemo-Medical  Research  Institute, 

Georgetown  University,  Washington,  D.  C. 


A  modified  antimony  trichloride  reagent  using  ethylene  chloride  as 
i  solvent  is  suggested  for  the  estimation  of  vitamin  D.  This  modified 
eagent  is  readily  reproducible,  is  stable  over  several  weeks,  and  re- 
icts  with  the  vitamin  to  give  a  salmon-pink  solution  exhibiting  an 
bsorption  maximum  at  500  m^.  The  reagent  has  been  applied  to 
he  estimation  of  vitamin  D  in  a  variety  of  materials.  A  simple 
:hromatographic  procedure  suggested  for  the  separation  of  vitamin  D 
rom  vitamin  A  and  sterols  utilizes  a  weak  source  of  ultraviolet  rays 
o  permit  observation  of  the  materials  on  the  column.  The  results 
>f  the  chemical  procedure  are  in  good  agreement  with  those  obtained 
>y  biological  assays. 

A  NUMBER  of  independent  physicochemical  procedures  have 
r  \  been  proposed  for  the  determination  of  the  vitamin  D  con- 
ent  of  fish  liver  oils  and  other  vitamin  preparations.  Some  of 
hese  procedures  have  given  good  results  with  highly  purified 
amples  of  vitamins  D2  and  D3,  but  their  successful  application 
o  the  assay  of  common  fish  liver  oils  has  been  limited. 

Among  the  purely  physical  procedures  is  that  of  Reerink  and 
an  Wijk  (13),  in  which  the  concentration  of  vitamin  D  in  a  solu- 
ion  of  irradiated  ergosterol  is  determined  by  measuring  the  op- 
ical  density  at  the  absorption  maximum  of  265  m/z.  Topelmann 
nd  Schuhknecht  (18),  Fuchs  and  Beck  (6),  and  01  Khin  (12) 
lade  use  of  this  procedure,  and  Marcussen  (9)  applied  the  tech- 
ique  to  a  few  fish  liver  oils. 

Various  colorimetric  methods  have  received  more  extensive 
tudy  and  application.  Shear  (16)  suggested  a  colorimetric 
lethod  based  upon  the  reaction  between  vitamins  D  and  an 
niline-hydrochloric  acid  reagent.  Stoeltzner  (17)  treated  the 
itamin  with  phosphorus  pentachloride,  but  Christensen  (3) 
lowed  that  this  reaction  was  not  specific  for  vitamin  D.  Cruz- 
'oke  (4)  based  a  test  on  the  development  of  a  green  color  when  an 
lcoholic  solution  of  irradiated  ergosterol  was  treated  with  hy- 
rochloric  acid.  Meesemaecker  (10)  showed  that  irradiated 
rgosterol  gave  a  yellow-green  solution  when  treated  with  a  modi- 
ed  Liebermann  reagent.  Robinson  (15)  suggested  a  colorimetric 
lethod  based  on  the  yellow  color  formed  when  an  alcoholic 
olution  of  vitamin  D  was  boiled  with  sodium  nitrite  and  acetic 
cid. 

A  more  quantitative  method  was  proposed  in  1936  by  Halden 
nd  Tzoni  (7,  8,  19),  who  showed  that  a  deep  violet  color  is  ob- 
dned  when  an  alcoholic  solution  of  vitamin  D  is  treated  with 
nhydrous  aluminum  chloride  in  the  presence  of  pyrogallol. 
holesterol  and  ergosterol  do  not  interfere  with  the  test,  but 
litamin  A  and  the  carotenoids  must  be  quantitatively  removed, 
he  authors  report  that  the  method  is  sensitive  to  2  micrograms 
f  the  pure  vitamin. 

Perhaps  the  most  widely  employed  test  is  that  employing  a 
ilution  of  antimony  trichloride  in  chloroform,  which  was  pro¬ 


posed  by  Brockmann  and  Chen  (2)  in  1936.  Brockmann  (1) 
used  this  method  in  his  work  on  the  isolation  and  identification 
of  vitamin  D  from  tuna  liver  oil,  but  it  is  applicable  only  to  con¬ 
centrated  solutions  of  vitamin  D  which  are  relatively  free  from 
inactive  sterols,  vitamin  A,  and  the  inactive  irradiation  products 
from  ergosterol.  Wolff  (22)  asserted  that  the  error  of  the  proce¬ 
dure  is  =<=19%,  and  Ritsert  (H)  reported  that  the  method  was 
inapplicable  to  fish  liver  oils  or  to  mixed  irradiation  products 
from  the  sterols. 

Nield,  Russell,  and  Zimmerli  (11)  modified  the  Brockmann- 
Chen  reagent  by  adding  a  small  amount  of  acetyl  chloride,  and 
obtained  a  marked  increase  in  stability,  reproducibility,  and  sen¬ 
sitivity  of  reaction.  Ewing,  Kingsley,  Brown,  and  Emmett  (5) 
applied  this  modified  reagent  to  the  assay  of  fish  liver  oils,  using 
a  chromatographic  procedure  to  remove  interfering  sterols  and 
vitamin  A. 

This  review  indicates  the  nature  of  the  obstacles  to  be  over¬ 
come  in  the  application  of  physical  or  chemical  methods  to  the 
determination  of  vitamin  D.  Vitamin  A,  sterols,  and  carotenoids 
interfere  with  the  direct  spectrophotometric  and  colorimetric 
methods,  and  must  be  removed  quantitatively.  Some  of  the 
proposed  reagents  lack  specificity  and  sensitivity,  and  are  diffi¬ 
cult  to  prepare  or  to  reproduce.  In  many  cases,  the  reaction  be¬ 
tween  vitamin  D  and  the  reagent  gives  a  fleeting  color,  and  the 
determination  must  be  completed  within  a  few  seconds  after  the 
solutions  are  mixed. 

In  order  to  overcome  some  of  these  difficulties,  the  authors  have 
employed  a  simple  chromatographic  technique  for  separation  of 
the  vitamin  from  interfering  substances,  and  have  devised  a  modi¬ 
fied  antimony  trichloride  reagent  which  offers  increased  ease  of 
preparation,  increased  reproducibility,  and  greater  sensitivity 
and  produces  a  more  permanent  color  with  vitamin  D.  The 
procedure  has  been  applied  to  the  assay  of  a  number  of  fish  liver 
oils,  irradiated  materials,  and  multivitamin  preparations.  Most 
of  the  results  have  been  checked  by  biological  assays. 

EXPERIMENTAL 

Preparation  of  Reagent.  Care  must  be  taken  to  ensure 
that  all  materials  are  free  from  moisture.  Twenty  grams  of  re¬ 
agent  grade  antimony  trichloride  are  mixed  with  approximately 
10  grams  of  anhydrous  calcium  chloride,  and  pulverized  in  a  mor¬ 
tar.  The  powdered  material  is  shaken  with  100  ml.  of  ethylene 
chloride  (boiling  point  83-84°  C.)  and  filtered  rapidly  through 
anhydrous  sodium  sulfate.  Two  milliliters  of  acetyl  chloride 
(boiling  point  49-52°)  are  added  to  each  100  ml.  of  filtrate.  This 
reagent  is  ready  for  use  after  30  minutes,  and  is  stable  over  a 
period  of  at  least  10  weeks. 
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Table  I.  Extinction  Coefficients  of  Products  of  Reaction  with 

Vitamin  D 


(Each  reagent  contained  20  grams  of  SbCh  per  100  ml.  of  solvent  and  2  ml. 
of  acetyl  chloride  per  100  ml.  of  reagent) 


Reagent 

No. 

Solvent 

Extinction 

Coefficient 

Remarks 

1 

Chloroform 

1800 

Nield ’s  reagent 

2 

Methylene  chloride 

2070 

Reagent  unstable 

3 

Ethylene  chloride 

2200 

4 

Propylene  chloride 

2100 

Less  stable  than  3 

5 

Carbon  tetrachloride 

No  reaction 

6 

Monochlorobenzene 

1400 

Table  II.  Relationship  between  Absorption  at  500  m/a  and  Vitamin 

Concentration 


Vitamin 

Concentration 

Density 

y/10  ml. 

5 

0.15 

10 

0.26 

15 

0.35 

20 

0.445 

25 

0.56 

30 

0.65 

35 

0.74 

40 

0.85 

50 

1.05 

Preparation  of  Adsorption  Column.  An  Allihn  sugar  tube, 
2  X  10  cm.,  fitted  with  a  fritted  filter  of  medium  porosity  may  be 
used  for  the  preparation  of  the  adsorption  column.  The  tube  is 
fitted  to  a  suitable  suction  flask,  vacuum  is  applied,  and  small 
portions  of  a  1  to  1  mixture  of  magnesia  (Baker’s  Reagent  Grade 
is  suitable)  and  diatomaceous  earth  (Celite)  are  packed  firmly 
until  a  column  approximately  6  cm.  in  length  is  obtained.  A  1- 
cm.  layer  of  anhydrous  sodium  sulfate  is  placed  on  the  top  of  the 
column,  and  packed  tightly. 

Saponification  and  Extraction.  A  quantity  of  fish  liver 
oil  sufficient  to  yield  approximately  25  micrograms  or  more  of 
the  vitamin  is  boiled  30  minutes  with  freshly  prepared  12% 
alcoholic  potassium  hydroxide,  maintaining  a  ratio  of  2.5  grams 
of  potassium  hydroxide  per  gram  of  oil.  The  alcohol  volume  is 
maintained  constant  throughout.  At  the  end  of  the  saponifica¬ 
tion  period,  the  mixture  is  cooled,  diluted  with  an  equal  volume 
of  distilled  water,  and  extracted  10  times  with  50-ml.  portions  of 
anesthesia  grade  ethyl  ether.  (In  case  the  sample  weighs  10 
grams  or  more,  the  extraction  technique  may  be  modified  as 
follows:  After  addition  of  the  water,  add  25  ml.  of  ethyl  acetate 
and  50  ml.  of  petroleum  ether,  and  shake  30  seconds.  .  Allow  to 
stand  2  minutes,  transfer  the  aqueous  layer  to  another  separatory 
funnel,  and  extract  10  times  with  a  mixture  of  10%  ethyl  ether 
and  90%  petroleum  ether.  Combine  extracts  and  continue  as 
above.) 

The  extracts  are  combined  and  washed  with  distilled  water 
until  the  washings  are  neutral  to  phenolphthalein.  The  extracts 
are  dried  by  filtration  through  anhydrous  sodium  sulfate,  the 
ethyl  ether  is  removed  by  evaporation,  and  the  residue  is  dis¬ 
solved  in  a  minimal  volume  of  petroleum  ether  for  chromato¬ 
graphing. 

In  the  case  of  capsules,  either  vitamin  D  or  multivitamin 
preparations,  5  or  more  capsules  may  be  opened,  and  the  oily  con¬ 
tents  quantitatively  removed  by  repeated  washing  with  ethyl 
ether.  The  ether  is  removed  by  evaporation,  and  the  oily  residue 
saponified  as  above.  In  an  alternative  procedure,  which  has 
proved  successful  with  solid-type  gelatin  capsules,  the  capsules 
are  boiled  with  the  alcoholic  potassium  hydroxide  exactly  as  in 
the  case  of  the  oils. 

Tablets  and  other  solid  materials  are  pulverized  in  a  mortar, 
and  the  entire  mass  is  boiled  with  alcoholic  potassium  hydroxide 
for  30  minutes.  The  solids  are  removed  by  centrifugation,  re¬ 
heated  with  fresh  portions  of  alcoholic  potassium  hydroxide,  and 
again  centrifuged.  The  liquids  are  combined  and  extracted  with 
ethyl  ether  as  in  the  case  of  the  oils.  The  solid  portion  is  trans¬ 
ferred  to  a  Buchner  funnel  and  repeatedly  extracted  with  ethyl 
ether,  and  the  extracts  are  combined  with  those  from  the  liquid 
portions. 

Chromatographic  Technique.  The  column  is  wetted  with 
50  ml.  of  petroleum  ether,  the  ethereal  portion  from  the  saponi¬ 
fication  procedure  is  added,  and  the  chromatogram  is  developed 
with  5-ml.  portions  of  petroleum  ether.  The  procedure  is  ob¬ 
served  under  ultraviolet  rays  of  low  intensity  from  a  lamp  de¬ 
scribed  by  Wilkie  and  De  Witt  {21).  Several  distinct  zones  of 
fluorescence  may  be  observed,  starting  from  the  top  of  the  column: 


1.  A  narrow  band  of  intense  pale  blue  fluorescence. 

2.  A  broad  band  of  greenish-yellow  fluorescence  which  contains 

vitamin  A. 

3.  A  narrow  band  of  light  gray  fluorescence. 

4.  Two  narrow  bands  approximately  2  mm.  apart  showing  i 

bluish  fluorescence. 

5.  A  narrow  band  of  gray-blue  fluorescence  (“sterol  fraction”). 

Continued  washing  of  the  column  with  petroleum  ether  elutes 
zones  3,  4,  and  5.  The  eluate  from  each  zone  is  collected  sepa¬ 
rately  and  evaporated  on  the  steam  bath.  The  residues  are  trans¬ 
ferred  to  suitable  glass-stoppered  volumetric  flasks,  and  made  tc 
volume  with  petroleum  ether.  Aliquots  from  each  portion  art 
examined  by  the  spectrophotometric  procedure  to  determine  that 
separation  of  vitamin  D  from  other  materials  is  complete.  Ir 
case  of  incomplete  separation,  a  second  chromatographing  may  bt 
necessary. 

The  eluate  from  zone  5  contains  the  bulk  of  the  inactive  sterols 
that  from  zone  4  contains  vitamin  D,  and  that  from  zone  3  maj 
contain  small  amounts  of  vitamins  A  and  D.  All  eluates  art 
made  to  the  same  volume,  which  should  be  adjusted  so  that  tht 
portion  from  zone  4  contains  approximately  1000  I.U.  of  vitamir 
D  per  milliliter. 

Spectrophotometric  Procedure.  The  petroleum  ethe 
solution  (0.5  ml.)  is  placed  in  a  10-ml.  glass-stoppered  graduatec 
cylinder  and  9.5  ml.  of  the  antimony  trichloride  reagent  art 
added.  The  cylinder  is  shaken  vigorously,  the  solution  trans 
f erred  to  the  absorption  cell,  and  the  E\^°m.  at  500  m/i  determinet 
on  the  Beckman  spectrophotometer.  Readings  are  made  at  tin 
end  of  30  seconds,  and  at  1-minute  intervals  for  the  first  5  minute 
after  starting  to  add  the  reagent  to  the  vitamin  sample.  Unde 
these  conditions,  sterols  react  slowly  to  give  a  low  initial  optica 
density  which  increases  very  rapidly  to  reach  a  maximum  afte 
approximately  5  minutes.  Vitamin  D  reacts  rapidly,  givinj 
a  maximum  optical  density  within  1  minute,  and  remainin; 
constant  for  5  to  10  minutes. 

The  potency  of  the  vitamin  preparation  is  obtained  by  multi 
plying  the  E\%m .  of  the  solution  by  the  factor  of  18,200,  obtainei 
by  repeated  checks  of.  the  reagent  against  crystalline  vitamin 
D2  and  D3. 

DISCUSSION  OF  PROCEDURE  AND  RESULTS 

The  preliminary  experiments  in  this  study  dealt  with  the  re 
agents  that  had  been  proposed,  and  with  possible  modification 
designed  to  increase  the  accuracy  or  ease  of  determination.  Th 
reagent  proposed  by  Nield,  Russell,  and  Zimmerli  {11)  wa 
found  relatively  satisfactory,  but  it  possessed  several  objection 
able  features.  The  chloroform  used  as  the  solvent  had  to  b 
freed  of  all  traces  of  alcohol  and  moisture,  and  the  purified  so 
vent  was  unstable.  The  reagent  was  hygroscopic,  and  showed  a 
increased  sensitivity  toward  sterols  if  allowed  to  stand  seven 
weeks. 

Further  experiments  were  designed  to  study  the  effects  c 
changes  in  the  concentration  and  identity  of  each  of  the  thre 
components  of  the  reagent.  It  was  found  that  the  concentratio 
of  antimony  trichloride  and  of  acetyl  chloride  could  be  varie 
over  wide  limits  without  producing  significant  changes  in  th 
sensitivity  of  the  reagent,  and  that  the  substitution  of  mono-,  di 
and  trichloroacetyl  chlorides  for  acetyl  chloride  produced  littl 
change.  However,  a  marked  change  in  the  reaction  was  produce 
when  chloroform  was  replaced  by  other  halogenated  solvents,  a 
is  shown  in  Table  I.  The  use  of  methylene  chloride,  ethylen 
chloride,  or  propylene  chloride  gave  a  reagent  of  increased  sei 
sitivity,  as  is  shown  by  the  increase  in  E\ values.  Hov 
ever,  the  methylene  chloride  reagent  was  unstable,  and  decon 
posed  within  a  few  hours  after  preparation.  The  reagent  pn 
pared  from  ethylene  chloride  was  slightly  more  sensitive  an 
was  stable  over  a  period  of  at  least  10  weeks.  The  salmon-pin 
color  of  the  solution  resulting  from  the  reaction  of  this  reagei 
with  vitamins  D2  and  D3  shows  maximum  absorption  within  2 
seconds,  and  remains  stable  for  several  minutes.  The  solutic 
exhibits  a  narrow  absorption  band  with  maximum  absorption  : 
500  m/i,  and  absorbs  none  of  the  incident  light  at  550  m/i.  P 
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shown  in  Table  II,  the  amount  of  absorption  is  proportional  to 
the  concentration  of  vitamin  D,  and  concentrations  of  the  vita¬ 
min  as  low  as  5  micrograms  per  10  ml.  of  solution  may  be  meas¬ 
ured  under  the  experimental  conditions. 

This  initial  phase  of  the  work  involved  studies  of  the  reaction 
between  crystalline  vitamins  D2  and  D3  and  the  reagent.  The 
second  phase  involved  the  application  of  the  reagent  to  the  esti¬ 
mation  of  vitamin  D  in  a  variety  of  materials.  Crystalline  vita¬ 
mins  D2  and  D3  were  used  as  standards  of  reference  in  this  study. 
The  results  of  the  spectrophotometric  determination  were 
checked  by  biological  assays. 

The  chromatographic  technique  is  unique  in  that  it  employs 
a  simple  procedure  permitting  rapid  separation  of  vitamin  D 
from  interfering  sterols  and  vitamin  A.  The  use  of  the  weak 
source  of  ultraviolet  light  permits  close  observation  of  the  column, 
and  enables  the  analyst  to  locate  the  different  substances  with 
greater  ease  and  accuracy  than  is  possible  by  the  use  of  dyes  as 
in  the  method  of  Brockmann  ( 1 ). 

The  experimental  results  obtained  by  the  application  of  the 
method  to  a  limited  number  of  samples  are  given  in  Table  III, 
and  are  self-explanatory.  In  general,  the  results  are  in  good 
agreement  with  those  obtained  by  biological  assay.  Differences, 
where  they  occur,  may  be  due  to  several  causes,  including  the 
errors  inherent  in  all  biological  assays.  Another  possible  cause 
of  discrepancy  arises  from  the  fact  that  the  bioassays  were  de¬ 
signed  to  show  that  the  potency  of  the  material  was  approximately 


Table  III. 


Sample 

No. 


Results  of  Spectrophotometric  and  Biological  Assays  of 
Vitamin  D  Carriers 


Vitamin  D  Content 


Bioassay 


Spectropho¬ 

tometric 


Remarks 


U.S.P.  units  per  gram 

A.  Vitamins  D2  and  Da  in  Oil 


72442 

200,000 

198,000 

12313 

400,000 

422,000 

12314 

400,000 

389,000 

34074 

10,000 

8,950 

73142 

166,500 

165,000 

B  72144 

200,000 

198,300 

U.S.P.  units  per  capsule 

74290 

50,000 

57,300 

60910 

50,000 

48,900 

VA  9108 

50,000 

52,650 

60932 

50,000 

54,550 

59801 

50,000 

53,000 

58347 

50,000 

57,950 

VA  5573 

40,000  approx. 

42,800 

51408 

50,000 

47,800 

D3  in  corn  oil.  A.O.A.C.  assay 
Irradiated  ergosterol 
Irradiated  ergosterol 
D2  in  sesame  oil 
Da  in  corn  oil 

No  bioassay,  figure  from  label 
declaration 


D2  in  capsules 
Capsules 

Capsules,  with  semisolid  gela¬ 
tin  medium 

Solid-type  gelatin  capsules 
No  bioassay,  figure  from  label 
No  bioassay,  figure  from  label 
Label  declares  50,000  per  cap¬ 
sule 


B.  Vitamins  A  and  D  in  Oil 
U.S.P.  units  per  gram 


92244 

115 

113 

23606 

400 

395 

More  than  85  U.S.P.  units 

12073 

160 

per  gram  by  bioassay 

23607 

400 

410 

72144 

10,000 

10,385 

50,000  A  per  gram 

61544 

42 

Less  than  50  units  per  gram 

by  bioassay 

U.S.P.  units  per  capsule 

11143 

1,000 

1,040 

5000  A  per  capsule 

2243 

1,000 

1,020 

5000  A  per  capsule 

41543 

1,000 

1,050 

5000  A  per  capsule 

U.S.P. 

units  per  gram 

VA  7048 

10,000 

11,250 

50,000  A  per  gram 

10143 

10,000 

9,725 

50,000  A  per  gram 

U.S.P.  units  per  capsule 

1144 

1,000 

950 

5000  A  per  capsule 

c. 

Multivitamin  Preparations 

92044 

1,000 

1,050 

6  vitamin  capsules 

91944 

200 

205 

Hexavitamin  capsules 

U.S.P.  units  per  tablet 

C  1234 

200 

220 

Hexavitamin  tablets 

Table  IV.  Results  of  Spectrophotometric  and  Biological  Assays  of 
Vitamin  D  Carriers 


Sample  No. 


1 

2 

3 

4 


Vitamin  D  Content 


Bioassay 

Spectrophotometric 

A.O.A.C.  units/g. 

y/g. 

A.O.A.C.  units 

1,000,000 

20,125 

986,000 

500,000 

10,100 

494,000 

1,150,000 

22,300 

1,092,700 

575,000 

10,800 

529,000 

«  Calculated  on  basis  that  1  gram  of  crystalline  Da  contains  49,200,000 
A.O.A.C.  units. 


equal  to  or  greater  than  the  given  figure,  and  would  not  permit 
close  estimation  of  the  exact  potency . 

The  limitations  of  the  method  have  not  been  fully  determined. 
With  high-potency  materials  such  as  those  listed  in  the  first  part 
of  Table  III,  the  spectrophotometric  procedure  has  shown  a  high 
degree  of  accuracy  and  reproducibility. 

Several  commercial  samples  were  examined  by  the  spectro¬ 
photometric  procedure,  and  were  then  assayed  biologically  in  the 
laboratories  of  the  U.  S.  Food  and  Drug  Administration.  Por¬ 
tions  of  these  samples  were  resubmitted  for  spectrophotometric 
examination  at  a  later  date  without  knowiedge  that  they  had 
been  previously  analyzed.  The  results  obtained  in  the  second 
examination  were  within  =*=2%  of  the  previous  values. 

A  further  check  of  the  procedure  involved  the  assay  of  a  series 
of  oils  prepared  by  J.  Waddell  of  E.  I.  du  Pont  de  Nemours  & 
Co.  The  samples  were  submitted  as  unknowns,  with  no  declara¬ 
tion  of  potency.  The  results  of  this  study  are  given  jn  Table  IV, 
in  which  the  spectrophotometric  values  are  compared  with  the 
potencies  assigned  by  Waddell  after  biological  assays  in  three 
independent  laboratories.  The  biological  values  are  expressed 
in  terms  of  A.O.A.C.  units,  while  the  spectrophotometric  values 
are  in  terms  of  micrograms.  Since  V  addell  (20)  reports  that 
crystalline  vitamin  D3  contains  49,222,000  A.O.A.C.  units  per 
gram,  the  agreement  between  the  spectrophotometric  and  bio¬ 
logical  values  is  fairly  close. 

Although  the  values  shown  in  part  B  of  Table  III  indicate  that 
it  is  possible  to  obtain  satisfactory  results  in  the  spectrophoto¬ 
metric  examination  of  lcw-potency  oils,  it  is  felt  that  the  question 
of  the  applicability  of  the  procedure  to  such  materials  has  not 
been  fully  determined.  The  reproducibility  of  results  in  dupli¬ 
cate  assays  is  less  satisfactory  than  in  the  case  of  high-potency 
materials,  and  some  modifications  or  refinements  of  procedure 
may  be  necessary  in  order  to  obtain  uniformly  satisfactory  re¬ 
sults. 
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This  report  deals  with  a  preliminary  investigation  of  organic  mono¬ 
sulfide  compounds  as  analytical  reagents  for  the  platinum  metals. 
The  action  of  seven  organic  monosulfide  compounds  with  some  of  the 
platinum  and  related  metals  is  described.  It  has  been  found  that 
rhodium  may  be  determined  gravimetrically  with  thiobarbituric  acid. 
Thiophenol  may  be  used  as  a  precipitant  in  the  gravimetric  determina¬ 
tion  of  platinum. 

THE  reactions  of  organic  sulfide  compounds  with  many  metals 
have  been  studied  extensively.  Zeise  ( 14 )  in  1834  chose  the 
name  “mercaptan”  for  C2H6SH  be¬ 
cause  of  the  reaction  of  this  com¬ 
pound  with  mercury.  He  also  de¬ 
scribed  (15)  its  reaction  with  plati¬ 
num.  Many  references  have  been 
made  in  the  literature  to  further  re¬ 
searches  on -organic  sulfide  com¬ 
pounds  with  platinum  metals,  most 
of  them  concerned  with  the  study 
of  the  methods  of  preparation  and 
stereoisomerism  of  the  various 
compounds  produced.  Some  of 
these  reactions  have  formed  the 
basis  for  analytical  procedures  for 
platinum  metals.  Berg  and  co¬ 
workers  (4~8)  investigated  the  ac¬ 
tion  of  thionalide  (thioglycollic- 
/3-aminonaphthalide)  with  many 
metals,  and  Kienitz  and  Rom- 
bock  (10)  used  it  for  the  volumetric 
estimation  of  rhodium.  Rogers, 

Beamish,  and  Russell  (12)  deter¬ 
mined  ruthenium  gravimetrically 
by  precipitation  with  thionalide. 

The  reactions  of  organic  mono- 
.sulfide  compounds  with  platinum 
metals  have  been  examined  with  a 
view  to  finding  useful  analytical 
methods  for  their  determination 
and  relating  the  configuration  of 
the  organic  compounds  with  their 
ability  to  precipitate  these  metals. 

The  precipitation  of  several  plati¬ 
num  and  associated  metals  under 
various  conditions  of  acidity  with 
seven  organic  monosulfide  com¬ 
pounds  has  been  investigated.  In 
some  cases  the  precipitation  of 
various  platinum  metals  is  com¬ 
plete.  Rhodium  may  be  deter¬ 
mined  gravimetrically  with  thio¬ 
barbituric  acid.  Thiophenol  may 
be  used  as  a  precipitant  in  the  de¬ 
termination  of  platinum. 

PRECIPITATION  REACTIONS 

Standard  solutions  of  platinum, 
palladium,  rhodium,  iridium,  gold, 


nickel,  copper,  and  iron  containing  approximately  1  mg.  of 
metal  per  ml.  of  solution  were  prepared  by  dissolving  the  pure 
metal  or  a  suitable  pure  salt  in  aqua  regia,  hydrochloric  acid,  or 
water,  removing  the  nitric  acid,  if  present,  by  fourfold  evapora¬ 
tion  to  dryness  in  the  presence  of  hydrochloric  acid,  and  finally 
dissolving  in  a  solution  containing  1  ml.  of  concentrated  hydro¬ 
chloric  acid  per  liter. 

A  10-ml.  aliquot  of  the  standard  metal  solution  under  investi¬ 
gation  was  diluted  and  acidified  to  one  of  the  six  acid  conditions 
given  in  Table  I.  The  organic  reagent  was  added  and  the  solu¬ 
tion  heated  and  maintained  at  boiling  for  2  hours.  The  total 
volume  of  the  solution  was  maintained  at  200  ml.  by  additions 


Table  I.  Precipitation  of  Platinum  Metals 

N.  No  precipitation,  or  precipitate  contained  none  of  metal  under  investigation 
S.  Very  slight  precipitation 
P.  Partial  precipitation 

C.  Complete  precipitation;  filtrate  contained  less  than  0.02  mg.  of  metal  under  investigation 


Metal, 

Reagent 

Amount  of  Reagent 

10  Mg. 

Allyl  thiourea 

1  ml.  of  2%  w/v 

Pt 

soln.  in  95%  eth¬ 

Pd 

anol 

Rh 

Ir 

Au 

Ni 

Cu 

Fe 

Phenyl  thiourea 

1  ml.  of  3%  w/v 

Pt 

soln.  in  95%  eth¬ 

Pd 

anol 

Rh 

Ir 

Au 

Ni 

Cu 

Fe 

s-Di-o-tolyl  thiourea 

10  ml.  of  0.8%  w/v 

Pt 

soln.  in  95%  eth¬ 

Pd 

anol 

Rh 

Ir 

Au 

Ni 

Cu 

Fe 

Thiophenol 

1  ml.  of  4%  v/v 

Pt 

soln.  in  95%  eth¬ 

Pd 

anol 

Rh 

Ir 

Au 

Ni 

Cu 

Fe 

Phenyl  thiohydan- 

2  ml.  of  2.1%  w/v 

Pt 

toic  acid 

soln.  in  95%  eth¬ 

Pd 

anol 

Rh 

Ir 

Au 

Ni 

Cu 

Fe 

Thiobarbituric  acid 

2.5  ml.  of  1.4%  w/v 
soln.  in  95%  eth¬ 

Pt 

Pd 

anol 

Rh 

Ir 

Au 

Ni 

Cu 

Fe 

s-Diphenyl  thiourea 

5  ml.  of  1%  w/v 

Pt 

soln.  in  95%  eth¬ 

Pd 

1  Nearly  complete. 

anol 

Rh 

Ir 

Au 

Ni 

Cu 

Fe 

&  Slight  precipitate  containing  possibly  a  little  iron. 
c  Not  boiled. 


Acid  Strength 

:3  aqua 

1:3  aqua 

regia 

HC1 

HNOs 

regia 

HC1 

HNOj 

.012  N  0.012  N 

0.012  N 

0.60  N 

0.60  N 

0.60  N 

N 

N 

N 

N 

N 

P 

P 

C 

c 

N 

P 

P 

N 

N 

N 

N 

P 

P 

N 

N 

N 

N 

N 

N 

P 

C 

P 

N 

C 

C 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

P 

P 

P 

N 

P 

P 

C 

C 

C 

P 

P 

P 

P 

P 

P 

N 

P 

S 

s 

N 

s 

N 

P 

N 

p 

C 

p 

N 

P 

P 

N 

N 

N 

N 

N 

N 

S 

S 

S 

N 

S 

N 

N 

N 

N 

N 

N 

N 

P 

P 

P 

pa 

C 

P 

P 

P 

C 

P 

C 

C 

P 

P 

P 

P 

p 

P 

N 

N 

N 

N 

N 

N 

P 

P 

P 

P 

C 

P 

N 

N 

N 

N 

N 

N 

P 

P 

P 

P 

P 

P 

N 

N 

N 

N 

N 

N 

P 

C 

C 

P 

P 

P 

C 

C 

c 

P 

C 

C 

P 

P 

p 

P 

P 

P 

P 

P 

p 

P 

P 

P 

C 

c 

c 

N 

C 

c 

N 

'  N 

N 

N 

N 

N 

P 

P 

P 

N 

S 

P 

N& 

N& 

N& 

N 

N& 

N 

P 

P 

pa 

N 

P 

P 

P 

P 

c* 

P 

P 

Ctt 

P 

Pa 

P 

P 

P 

P 

S 

S 

s 

N 

N 

N 

c 

P 

c 

N 

C 

C 

N 

N 

N 

N 

N 

N 

P 

P 

P 

P 

P 

P 

N 

N 

N 

N 

N 

NT 

C 

C 

C 

C 

C 

P 

c 

C 

c 

c 

C 

P 

p 

C 

c 

p 

P 

P 

p 

P 

p 

p 

P 

N' 
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c 

p 

c 

N" 

N 

N 

N 

N 

N 

N 

s 

S 

S 

N 

N 

1ST 

N 

N 

N 

N 

N 

N" 

P 

P 

P 

P 

P 

P 

C 

C 

C 

P 

c 

P 

P 

P 

P 

S 

P 

S 

s 

s 

s 

N 

s 

N 

c 

c 
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n: 
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N 
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n; 
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Table  II.  Determination  of  Metals 


Metal 

Metal 

Metal  Re¬ 

Detn. 

Normality 

Deter¬ 

Taken, 

covered, 

No. 

Reagent 

Acid 

of  Acid 

mined 

Mg. 

Mg. 

1 

s-Di-o-tolyl  thiourea 

HC1 

0.60 

Platinum 

19.18 

19.49 

2 

s-Di-o-tolyl  thiourea 

HC1 

0.60 

Platinum 

19.18 

19.51 

3 

s-Di-o-tolyl  thiourea 

HC1 

0.60 

Platinum 

19.18 

19.54 

4 

Phenyl  thiourea 

Aqua 

regia 

0.012 

Palladium 

10.00 

10.00 

5 

Phenyl  thiourea 

HC1 

0.012 

Palladium 

10.00 

10.00 

6 

Phenyl  thiourea 

HNOs 

0.012 

Palladium 

10.00 

10.02 

7 

Phenyl  thiohydantoic 

acid 

HNOa 

0.60 

Palladium 

10.00 

10.03 

8 

Thiophenol 

HC1 

0.012 

Palladium 

9.91 

9.97 

9 

Thiophenol 

HC1 

0.012 

Palladium 

24.98 

24.96 

10 

Thiophenol 

HC1 

0.012 

Palladium 

24.98 

25.00 

11 

Thiophenol 

HC1 

0.012 

Palladium 

24.98 

24.98 

12 

Thiophenol 

HC1 

0.012 

Palladium 

24.98 

24.96 

13 

Thiophenol 

HC1 

0.012 

Palladium 

24.98 

25.00 

14 

Thiophenol 

HC1 

0.012 

Palladium 

24.98 

24.98 

15 

Thiobarbituric  acid 

HC1 

0.012 

Palladium 

9.82 

9.86 

16 

Thiobarbituric  acid 

HC1 

0.06 

Palladium 

9.82 

9.82 

17 

Thiobarbituric  acid 

HC1 

0.06 

Palladium 

9.82 

9.86 

18 

Thiobarbituric  acid 

HC1 

0.30 

Palladium 

9.82 

9.83 

19 

Thiobarbituric  acid 

HC1 

0.30 

Palladium 

9.82 

9.84 

20 

Thiophenol 

Aqua 

regia 

0.012 

Gold 

10.56 

10.68 

21 

Thiophenol 

HNOs 

0.012 

Gold 

10.56 

10.53 

22 

Thiophenol 

HNOi 

0.60 

Gold 

10.56 

.  10.54 

23 

Thiophenol 

HC1 

0.012 

Gold 

10.56 

10.66 

24 

Thiophenol 

HC1 

0.012 

Gold 

25.26 

25.34 

25 

Thiophenol 

HC1 

0.012 

Gold 

25.26 

25.32 

26 

Thiophenol 

HC1 

0.012 

Gold 

25.26 

25.29 

27 

Thiophenol 

HC1 

0.012 

Gold 

25.26 

25.37 

28 

Thiophenol 

HC1 

0.012 

Gold 

25.26 

25.34 

29 

Thiophenol 

HC1 

0.012 

Blank 

0.00 

-0.01 

30 

.Thiophenol 

HC1 

0.012 

Platinum 

9.97 

9.97 

31 

Thiophenol 

HC1 

0.012 

Platinum 

9.97 

9.96 

32 

Thiophenol 

HC1 

0.012 

Platinum 

9.97 

9.97 

33 

Thiophenol 

HC1 

0.012 

Platinum 

9.97 

9.98 

34 

Thiophenol 

HC1 

0.012 

Platinum 

25.13 

25.12 

35 

Thiophenol 

HC1 

0.012 

Platinum 

25.13 

25.20 

36 

Thiobarbituric  acid 

HC1 

0.03 

Rhodium 

25.08 

25.09 

37 

Thiobarbituric  acid 

HC1 

0.03 

Rhodium 

25.08 

25.12 

38 

Thiobarbituric  acid 

HCI 

0.03 

Rhodium 

25.08 

25.08 

39 

Thiobarbituric  acid 

HCI 

0  03 

Rhodium 

25.08 

25.08 

40 

Thiobarbituric  acid 

HCI 

0.03 

Rhodium 

25.08 

25.07 

41 

Thiobarbituric  acid 

HCI 

0.03 

Rhodium 

25.08 

25.10 

42 

Thiobarbituric  acid 

HCI 

0.03 

Rhodium 

25.08 

25.09 

43 

Thiobarbituric  acid 

HCI 

0.012 

Rhodium 

25.08 

25.03 

44 

Thiobarbituric  acid 

H2SO4 

0.036 

Rhodium 

25.08 

25. 16 

45 

Thiobarbituric  acid 

HCI 

0.30 

Rhodium 

25.08 

25.13 

of  water  when  necessary.  If  a  precipitate  formed, 
the  mixture  was  filtered  and  the  filtrate  tested  for 
the  metal. 

The  organic  reagents  are  listed  in  Table  I,  with 
results  for  the  metals  investigated.  The  solid  com¬ 
pounds  were  purified  by  crystallization  from 
ethanol. 

The  spot  tests  used  for  platinum,  palladium, 
iridium,  and  rhodium  were  discussed  by  Thompson, 

Beamish,  and  Scott  (13).  Stannous  chloride  was 
used  for  platinum,  palladium,  rhodium  and  gold, 
sulfuric  and  fuming  nitric  acids  for  iridium,  di¬ 
methyl  glyoxime  for  nickel,  and  ferrocyanide  for 
iron  and  copper. 

In  many  cases  where  complete  precipitation  was 
obtained  gravimetric  determinations  for  the  metals 
were  carried  out.  The  precipitate  and  filter  were 
ignited,  reduced  by  burning  in  hydrogen  if  neces¬ 
sary,  cooled  in  nitrogen  if  reduced,  or  in  air,  and 
weighed  as  the  metal. 

Some  of  the  results  for  these  determinations  are 
listed  in  Table  II.  A  number  of  the  results  were 
slightly  high  (typified  by  Nos.  1  to  3). 

Phenyl  thiourea,  thiophenol,  and  thiobarbituric 
acid  are  suitable  for  the  determination  of  palla¬ 
dium.  Mann  and  Purdie  (11)  stated  that  thio¬ 
phenol  precipitated  a  Pd(SPh)2  which  decomposes 
to  palladium  quantitatively  when  heated,  but  they 
did  not  outline  a  method  for  its  determination  or 
record  results.  The  results  obtained  for  the  deter¬ 
mination  of  gold  by  thiophenol  tend  to  be  slightly 
high. 

The  platinum  solution  for  determinations  1  to  3 
was  standardized  by  the  thiophenol  method,  by  the 
sodium  formate  method  (3),  and  by  precipitation 
with  zinc  (2).  The  palladium  solutions  were  stand¬ 
ardized  by  the  potassium  iodide  method  (1)  and 
the  gold  solutions  by  the  hydroquinone  method  (3). 

DETERMINATION  OF  PLATINUM 

As  a  result  of  this  investigation  a  new  method  was  developed 
for  the  gravimetric  determination  of  platinum  by  precipitation 
with  thiophenol. 

The  platinum  solution  was  prepared  from  pure  platinum  sponge 
which  was  dissolved  in  aqua  regia,  evaporated  to  dryness  over  a 
steam  bath  four  times  in  the  presence  of  concentrated  hydro¬ 
chloric  acid,  and  finally  dissolved  in  very  dilute  hydrochloric 
acid,  filtered  through  a  7-cm.  Whatman  No.  44  paper,  and 
washed.  The  filter  paper  was  ignited,  and  the  residue  dissolved 
in  aqua  regia,  evaporated  to  dryness  four  times  with  hydrochloric 
acid,  dissolved  in  water,  and  filtered.  The  filtrates  were  diluted 
to  the  required  volume  and  acidified  to  1  ml.  of  concentrated 
hydrochloric  acid  per  liter. 

An  aliquot  of  the  solution  containing  approximately  10  to  25 
mg.  of  platinum  was  diluted  to  200  ml.  and  acidified  with  4  drops 
of  concentrated  hydrochloric  acid.  One  milliliter  of  a  fresh  10% 
by  volume  solution  of  thiophenol  in  95%  ethanol  was  added  to 
the  cold  solution,  which  was  then  boiled  for  2  hours,  filtered 
through  a  Whatman  No.  44,  7-cm.  filter  paper,  and  washed  with 
water.  The  paper  and  residue  were  permitted  to  drain  and  while 
still  moist  were  transferred  to  a  Coors  000  porcelain  crucible  and 
heated,  commencing  with  a  small  flame.  When  smoke  was  no 
longer  produced  at  that  burner  setting,  the  flame  was  gradually 
increased  and  the  slow  ignition  was  continued  until  the  paper  was 
thoroughly  charred.  The  residue  was  then  ignited  at  red  heat 
for  20  minutes,  cooled,  and  weighed.  High  results  were  obtained 
if  the  residue  were  ignited  immediately  at  high  temperature. 

In  order  to  facilitate  the  slow  ignition  of  the  residues  a  draft-free 
combustion  chamber  was  made  from  Transite  with  holes  along 
the  bottom  of  each  side  to  permit  entry  of  air.  It  was  fitted  with 
a  thin  glass  cover  supported  about  1  cm.  above  the  top  of  the 
cupboard  and  a  window  for  easy  observation  of  the  combustion. 
Upon  evaporation  of  the  filtrate  platinum  proved  to  be  absent. 
Complete  precipitation  was  obtained  with  an  acid  strength  as 
great  as  0.05  N,  but  a  greater  acid  strength  resulted  in  incomplete 
precipitation.  Results  appear  in  Table  II  (30  to  35). 

The  reagent  tends  to  oxidize  on  exposure  to  air  and  incomplete 
precipitation  is  obtained  with  the  partially  oxidized  reagent. 


The  precipitate  was  a  characteristic  yellow-green  color.  When 
the  oxidized  reagent  was  used,  or  the  reagent  was  added  to  a  hot 
solution,  the  precipitate  became  orange-colored  on  boiling.  The 
reagent  may  be  kept  in  a  small  vial  placed  inside  a  large  Nesbitt 
tower.  The  air  is  swept  from  the  tower  by  means  of  a  stream  of 
nitrogen,  and  the  tap  on  the  tower  is  closed  to  keep  the  reagent 
in  the  nitrogen  atmosphere.  The  reagent  should  be  freshly  pre¬ 
pared  every  3  or  4  days.  Five  drops  of  thiophenol  may  be  used 
instead  of  1  ml.  of  the  10%  thiophenol  reagent. 

DETERMINATION  OF  RHODIUM 

A  method  was  developed  for  the  gravimetric  determination  of 
rhodium  by  precipitation  with  thiobarbituric  acid. 

The  rhodium  solution  was  prepared  by  dissolving  a  sodium  salt 
of  rhodium  chloride  in  water  containing  0.5  ml.  of  hydrochloric 
acid,  filtering,  washing  thoroughly,  and  diluting  to  2  liters. 
(The  “sodium  rhodium  chloride”  was  donated  by  the  Interna¬ 
tional  Nickel  Company  of  Canada.)  The  solution  was  standard¬ 
ized  by  the  hydrogen  sulfide  method  (9).  An  aliquot  of  solution 
containing  approximately  25  mg.  of  rhodium  was  diluted  to  200 
ml.  and  acidified  with  0.5  to  5  ml.  of  hydrochloric  acid,  10  ml.  of 
1.4%  w/v  thiobarbituric  acid  in  95%  ethanol  were  added,  and 
the  solution  was  heated  to  boiling.  The  pink  solution  became  a 
dark  red-brown  in  color.  After  boiling  2  to  3  minutes  a  very 
fine  red-brown  precipitate  appeared.  The  solution  was  boiled 
for  2  hours  and  the  precipitate  settled  out  as  chocolate-brown 
crystals.  The  mixture  was  filtered,  washed,  ignited  at  red  heat 
for  20  minutes,  reduced  in  hydrogen,  cooled  in  nitrogen,  and 
weighed.  Results  are  included  in  Table  II  (36  to  45). 

Spot  tests  on  the  evaporated  filtrates  proved  the  absence  of 
rhodium.  This  method  presents  greater  ease  of  operation  than 
the  hydrogen  sulfide  method.  The  results  obtained  by  both 
methods  agree  very  closely.  Thiobarbituric  acid  is  the  first 
organic  precipitant  proposed  for  the  gravimetric  determination 
of  rhodium. 
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An  attempt  was  made  to  determine  the  composition  of  the 
rhodium-thiobarbituric  acid  complex. 

A  rhodium  precipitation  was  carried  out  in  ethanol  with  thio- 
barbituric  acid,  reagent.  The  precipitate  was  filtered,  washed 
with  ethanol,  dried  under  reduced  pressure,  and  weighed.  The 
residue  was  transferred  to  a  small  beaker,  the  organic  matter 
destroyed  with  sulfuric  and  nitric  acids,  and  the  rhodium  deter¬ 
mined  by  the  hydrogen  sulfide  method.  The  percentage  of  rho¬ 
dium  in  the  complex  averaged  from  three  determinations  was 
26.7%. 

If  two  molecular  weights  of  thiobarbituric  acid  were  combined 
with  one  atomic  weight  of  rhodium,  the  latter  replacing  one  hydro¬ 
gen  of  each  thiobarbituric  acid  molecule,  the  amount  of  rhodium 
present  would  be  26.5%.  If  one  rhodium  were  associated  with 
three  thiobarbituric  acid  molecules  the  amount  of  rhodium  pres¬ 
ent  would  be  19.3%.  The  valence  of  2  for  rhodium  corresponds 
to  the  usual  valence  for  other  metals  with  organic  compounds  of 
this  type  but  is  an  uncommon  valence  for  rhodium. 

SUMMARY 

With  the  organic  monosulfide  compounds  used  in  this  investi¬ 
gation,  palladium  and  gold  seem  to  be  most  readily  precipitated 
completely  under  the  conditions  described.  However,  platinum 


forms  precipitates  completely  in  many  cases.  It  is  more  difficult 
to  precipitate  rhodium  and  iridium.  Copper,  nickel,  and  iron 
do  not  form  precipitates  readily  with  these  reagents. 

Conditions  are  described  for  the  gravimetric  determination 
of  rhodium  by  thiobarbituric  acid  and  of  platinum  by  thiophenol. 
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Hexamethylenetetramine  in  Separations  of  Titanium 

and  Columbium 

KARL  W.  TRAUB,  The  Titanium  Alloy  Manufacturing  Co.,  Niagara  Falls,  N.  Y. 


A  procedure  for  gravimetric  determination  of  titanium  in  ferro- 
titanium  alloys  is  reported,  in  which  hexamethylenetetramine  elimi¬ 
nates  the  use  of  hydrogen  sulfide  for  removal  of  iron.  Sodium 
hydroxide  and  hexamethylenetetramine  are  used  in  a  procedure  for 
determining  columbium,  titanium,  or  both  in  high  chromium-nickel 
steels  containing  tungsten,  vanadium,  and  molybdenum.  The  pro¬ 
cedures  are  believed  to  be  applicable  to  determination  of  zirconium. 

THE  use  of  hexamethylenetetramine  has  been  developed  in 
the  following  procedures  to  separate  divalent  iron  from  ti¬ 
tanium  and  columbium. 

Lehrman  (4,  5)  used  hexamethylenetetramine  qualitatively  to 
separate  divalent  ions  from  numerous  trivalent  and  tetravalent 
ions.  Specific  quantitative  procedures  using  the  reagent  have  been 
developed  (1,  2,  3,  6,  7)  to  separate  trivalent  iron,  aluminum, 
chromium,  and  titanium  from  zinc,  nickel,  cobalt,  manganese, 
calcium,  and  magnesium. 

These  references  indicated  a  method  of  separating  iron  from 
titanium  and  columbium  contained  in  ferro-alloys  or  stainless 
steels,  based  on  reduction  of  iron  to  the  divalent  state.  The  iron 
of  those  alloys  and  steels  that  may  require  an  oxidizing  acid  for 
solution  can  be  readily  reduced  by  zinc  after  removal  of  the  oxi¬ 
dant.  Two  procedures  have  been  developed:  one  for  the  gravi¬ 
metric  determination  of  titanium  in  ferrotitanium  alloys,  the 
other  for  the  determination  of  titanium  and  columbium  in  high 
chromium-nickel  steels. 

REAGENTS 

All  reagents  used  were  the  usual  c.p.  grade.  Hexamethylene¬ 
tetramine  was  purchased  from  the  Eastman  Kodak  Company. 
Zinc  spirals  were  obtained  from  the  G.  Frederick  Smith  Company, 
Columbus,  Ohio. 

GRAVIMETRIC  DETERMINATION  OF  TITANIUM 
IN  FERROTITANIUM  ALLOYS 

In  a  reduced  solution  hexamethylenetetramine  will  precipitate 
titanium  and  leave  the  iron  in  solution,  presenting  many  advan¬ 
tages  over  the  hydrogen  sulfide  method  for  the  removal  of  iron : 


1.  It  eliminates  the  use  of  obnoxious  hydrogen  sulfide  and  per¬ 
mits  the  operations  to  be  performed  on  the  working  bench  with¬ 
out  any  unusual  ventilation. 

2.  The  desired  element,  titanium,  is  precipitated,  thus  re¬ 
moving  any  possible  loss  by  hydrolysis. 

3.  After  a  hydrogen  sulfide  separation  the  filtrate  must  be 
boiled  to  remove  this  reagent.  It  has  been  the  experience  of  the 
author  that  the  sulfur  residue  has  always  contained  a  trace  of  ti¬ 
tanium  that  requires  an  additional  operation  to  recover. 

4.  Titanium  precipitated  with  hexamethylenetetramine  will 
filter  much  faster  than  the  bulky  iron  sulfide  precipitate. 

5.  No  precipitates  or  residue  requires  working  in  platinum. 
This  eliminates  the  necessity  of  removing  traces  of  platinum. 

Any  zirconium  will  be  found  with  the  titanium,  and  appropriate 
means  for  its  determination  may  be  taken. 

Many  common  separations  have  been  used  to  complete  the 
desired  analysis,  such  as  cupferron  and  sodium  hydroxide,  and 
are  mentioned  only  by  name.  Complete  details  can  be  found  in 
any  standard  reference. 

Procedure  A.  Place  0.5000  gram  of  80-mesh  alloy  in  a  400- 
ml.  beaker,  add  100  ml.  of  5%  sulfuric  acid,  and  heat  gently  until 
the  reaction  has  ceased.  Add  nitric  acid  dropwise  until  the  sample 
is  oxidized.  Make  a  sodium  hydroxide  separation  to  remove 
vanadium.  Transfer  the  washed  precipitate  and  paper  to  the 
beaker  in  which  it  was  made.  Destroy  the  organic  matter  with  15 
ml.  of  sulfuric  acid,  25  ml.  of  nitric  acid,  10  ml.  of  perchloric  acid 
(70  to  72%),  and  5  to  8  grams  of  sodium  sulfate  by  covering  and 
evaporating  to  fumes  of  sulfuric  acid.  Make  sure  that  all  the 
perchloric  acid  has  been  removed.  Cool  and  dilute  the  sample  to 
150  ml.  with  water.  Heat  the  sample  until  all  the  salts  are  in 
solution,  introduce  an  amalgamated  zinc  spiral,  and  reduce  the 
solution.  Since  all  the  iron  will  reduce  before  any  titanium,  the 
deep  violet  color  of  reduced  titanium  will  indicate  the  complete 
reduction  of  iron  to  the  divalent  state. 

Remove  the  spiral  and  add  3  to  4  drops  of  10%  aerosol  (wet¬ 
ting  agent  obtained  from  any  chemical  supply  house) .  By  lower¬ 
ing  the  surface  tension  of  the  solution  the  air  oxidation  of  di¬ 
valent  iron  is  eliminated.  Add  ammonium  hydroxide  dropwise 
until  the  black  precipitate  that  forms  just  redissolves.  Add  a 
10%  solution  of  hexamethylenetetramine  until  the  sample  is 
alkaline  to  methyl  red,  introduce  a  little  ashless  paper  pulp,  and 
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Table  I.  Determination  of  Titanium 

13.  of  S.  Sample  Ti  Contained  Ti  Found 

%  % 


Procedure  A 


116 

25.48 

25.43 

25.50 

1 16A 

25.08 

25.09 

25.05 

25.08 

25.11 

Procedure  B 

116 

25.48 

25.53 

116A 

25.08 

25.10 
25.13 
25.10° 
25. 14*> 

“  Contained  0.25  gram  of  V. 
6  Contained  0.5  gram  of  V. 


boil  for  1  minute.  Filter  on  a  medium  texture  paper  using  a 
Moderate  suction,  and  wash  the  precipitate  5  to  6  times  with  a 
■tot  0.5%  hexamethylenetetramine  solution. 

!  Return  the  precipitate  and  paper  to  the  beaker  and  destroy  the 
rganic  matter  as  described  above.  After  the  perchloric  acid  has 
ieen  removed,  cool,  dilute  the  sample  to  100  ml.  with  water, 
seat  to  boiling,  and  filter.  Wash  the  residue  with  hot  water,  and 
iscard.  (It  will  be  silicic  acid  with  possibly  some  aluminum 
xide.)  Heat  the  filtrate  and  reduce  it  with  a  zinc  spiral.  Re- 
ieat  the  ammonium  hydroxide  and  hexamethylenetetramine 
eparation. 

If  the  sample  contains  copper,  destroy  the  hexamethylenetet- 
amine  precipitate  and  paper  as  above.  Dilute  the  sample  to 
:00  ml.  with  water  and  make  an  ammonium  hydroxide  separation 
/ith  a  5%  excess.  Boil,  filter,  and  wash  the  precipitate  with  a 
ot  5%  ammonium  hydroxide  solution. 

Transfer  the  precipitate  and  paper  to  the  same  beaker  and  di- 
est  it  with  30  ml.  of  sulfuric  acid.  Dilute  to  100  ml.  with  hot 
,-ater  and  stir  until  the  precipitate  is  completely  in  solution, 
tool  the  sample  to  10°  C.  and  make  a  cupferron  separation. 
Tace  the  cupferron  precipitate  in  a  tared  platinum  dish  of  75-ml. 
apacity,  dry,  and  ignite  with  the  usual  precautions  to  a  constant 
/eight.  In  umpire  work  correct  the  titanium  dioxide  for  traces 
f  silica  and  iron.  Convert  the  corrected  weight  of  titanium  di¬ 
oxide  to  titanium  (Table  I,  A). 

Inasmuch  as  vanadium  can  be  reduced  to  a  valence  of  2  with 
line,  it  was  decided  to  investigate  the  possibility  of  eliminating 
jhe  sodium  hydroxide  separation  for  its  removal.  This  was  ac- 
omplished  with  a  considerable  saving  of  time.  Iron  and  tita- 
iium  must  be  reduced  to  a  valence  of  2  and  3,  respectively,  before 
anadium  will  reduce  to  a  valence  of  2.  If  the  operator  finds  it 
iifficult  to  determine  the  complete  reduction  of  the  sample,  Pro- 
edure  A  is  suggested. 

Procedure  B.  Place  0.5000  gram  of  the  alloy  in  a  400-ml. 
beaker  with  100  ml.  of  10%  sulfuric  acid  and  heat  until  the  reac- 
ion  has  ceased.  Introduce  a  zinc  spiral  to  ensure  complete  re- 
luction  (15  to  30  minutes).  Add  3  to  4  drops  of  aerosol  and  pro- 
eed  with  the  double  hexamethylenetetramine  and  ammonium 
iydroxide  separations  as  given  in  Procedure  A.  Precipitate  the 
litanium  with  cupferron,  dry,  and  ignite  the  precipitate  to  a  con- 
itant  weight  (Table  II,  B).  Vanadium  was  added  to  two  Bu- 
eau  of  Standards  No.  116A  samples  as  indicated. 

DETERMINATION  OF  TITANIUM  AND  COLUMBIUM  IN 
HIGH  CHROMIUM-NICKEL  STEELS 

In  the  usual  procedure  for  the  determination  of  columbium  in 
lieat-resisting  steels  this  element  is  hydrolyzed  in  a  dilute  acid 
olution.  If  the  steel  also  contains  an  appreciable  amount  of 
litanium  this  method  is  not  very  satisfactory.  Titanium  can  be 
lydrolyzed,  but  it  is  a  troublesome  and  time-consuming  analysis. 
iVhen,  in  addition,  tungsten,  vanadium,  and  molybdenum  are 
lloyed  in  the  steel,  the  determination  of  columbium  and  titanium 
3  further  complicated. 

In  the  author’s  method  tungsten,  vanadium,  and  molybdenum 
re  removed  by  a  sodium  hydroxide  separation.  While  it  is  true 
hat  columbium  alone  is  only  partially  precipitated  by  sodium 
iydroxide,  the  results  indicate  that  in  the  presence  of  titanium 


and  iron,  columbium  can  be  successfully  separated  from  tungsten 
and  vanadium.  It  appears  that  columbium  like  titanium  re¬ 
quires  the  presence  of  iron  to  ensure  complete  precipitation  in  a 
sodium  hydroxide  separation.  It  is  very  important  that  the  so¬ 
dium  hydroxide  precipitate  be  washed  with  a  2%  sodium  hydrox¬ 
ide  solution.  Washing  the  precipitate  with  hot  water  causes  a  loss 
of  columbium.  Molybdenum  is  one  of  the  elements  with  a  va¬ 
lence  higher  than  2  that  is  not  precipitated  by  hexamethylene¬ 
tetramine.  If  the  steel  contains  no  tungsten  or  vanadium  but 
only  molybdenum,  no  sodium  hydroxide  separation  is  necessary 
for  its  removal.  Two  hexamethylenetetramine  separations  re¬ 
moved  the  molybdenum  completely  from  an  alloy  of  molybdenum 
and  titanium  containing  over  50%  molybdenum. 

If  the  sample  contains  tantalum  it  will  be  found  with  the  colum¬ 
bium  and  titanium,  and  appropriate  means  for  its  determination 
must  be  taken.  The  developed  procedure  will  give  columbium, 
titanium,  or  both  if  they  are  present  in  the  sample. 

Procedure.  Place  5.000  grams  of  drillings  in  400-ml.  beaker, 
add  100  ml.  of  1  to  2  hydrochloric  acid,  and  heat  until  the  reac¬ 
tion  has  ceased.  Cool  the  sample  to  10°  C.  and  precipitate  the 
columbium  and  titanium  by  the  usual  cupferron  method  for  ti¬ 
tanium  in  steels.  Be  sure  to  precipitate  sufficient  iron  so  that 
columbium  and  titanium  will  not  be  lost  in  the  subsequent  so¬ 
dium  hydroxide  separation  (25  ml.  of  a  6%  solution  should  be 
more  than  sufficient).  Return  the  precipitate  and  paper  to  the 
beaker.  Destroy  the  organic  matter  with  10  ml.  of  sulfuric  acid, 
25  ml.  of  nitric  acid,  10  ml.  of  perchloric  acid,  and  3  grams  of  so¬ 
dium  sulfate,  by  covering  and  evaporating  to  fumes  of  sulfuric 
acid.  Cool,  dilute  the  solution  with  water,  and  make  a  sodium 
hydroxide  separation  to  remove  the  tungsten  and  vanadium. 
(If  no  tungsten  or  vanadium  is  present  omit  this  separation.) 
Wash  the  precipitate  moderately  with  a  hot  2%  sodium  hydrox¬ 
ide  solution. 

Transfer  the  precipitate  and  paper  to  the  same  beaker  and  de¬ 
stroy  the  organic  matter  as  in  the  cupferron  precipitate,  making 
sure  that  all  the  perchloric  acid  is  removed.  Cool,  dilute  the 
sample  to  150  ml.  with  water,  add  5  ml.  of  hydrochloric  acid,  and 
heat.  Reduce  the  iron  with  a  zinc  spiral  (indicated  by  the  dis¬ 
appearance  of  the  yellow  color  due  to  ferric  chloride).  Add  3  to 
4  drops  of  aerosol  and  ammonium  hydroxide  dropwise  until  the 
solution  is  nearly  neutral  to  methyl  red.  The  appearance  ol  a 
white  precipitate  will  be  due  to  titanium  or  columbium  hydroxide 
and  is  of  no  consequence  to  the  removal  of  the  iron.  Add  10% 
hexamethylenetetramine  solution  until  the  sample  is  alkaline  to 
methyl  red.  Introduce  some  ashless  paper  pulp  and  boil  the 
sample  for  1  minute.  Filter  and  wash  the  precipitate  5  times  with 
a  hot  0.5%  hexamethylenetetramine  solution.  Destroy  the  or¬ 
ganic  matter  in  the  precipitate  and  paper  as  given  for  the  cup¬ 
ferron  precipitate.  Repeat  the  ammonium  hydroxide  and  hexa¬ 
methylenetetramine  separation. 


Table  II.  Determination  of  Titanium  and  Columbium 


B.  of  S.  Sample 

%  Contained 

%  Found 

121 

0.394  Ti 

0.403  Ti° 
0.400  Ti° 

123A 

0.75  Cb 

0.78  Cbf> 
0.78  Cb  b 

(0.356  Ti 
|  0.77  Cb& 

121A,  2.5  grams  1 
123A,  2.5  grams  ) 

0.361  Pi 

0.75  Cb 

(0.352  Ti 
(0.78  Cb6 

Weighed  as  TiCH. 

(0.354  Ti 
( 0.77  Cb6 

b  Not  corrected  for  Ta.  Sample  contains  0.02%  Ta. 


Transfer  the  precipitate  and  paper  to  the  same  beaker  and  di¬ 
gest  it  with  30  ml.  of  1  to  1  sulfuric  acid.  Dilute  the  sample  to 
100  ml.  with  hot  water  and  stir  well.  Cool  the  solution  to  10°  C. 
and  make  a  cupferron  separation.  Dry  and  ignite  the  precipitate 
in  a  tared  platinum  dish  of  75-ml.  capacity.  Remove  silica  in 
the  usual  manner  with  sulfuric  and  hydrofluoric  acids. 

The  residue  is  composed  of  the  mixed  oxides  of  columbium  and 
titanium.  Fuse  the  residue  with  sodium  bisulfate.  Dissolve 
and  determine  the  titanium  colorimetrically  with  hydrogen  per¬ 
oxide  in  a  5%  sulfuric  acid  solution.  Subtract  the  weight  of  ti¬ 
tanium  dioxide  from  the  total  weight  of  the  oxides.  Convert  the 
difference,  columbium  pentoxide,  to  columbium  (Table  II). 
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DISCUSSION 

When  checked  by  spectrographic  methods  the  precipitates 
showed  no  mercury  or  zinc,  indicating  that  there  is  no  contamina¬ 
tion  from  the  amalgamated  zinc  spirals. 

In  the  gravimetric  determination  of  titanium  in  ferrotitanium 
alloys,  a  procedure  has  been  developed  using  hexamethylenetet¬ 
ramine  that  eliminates  the  use  of  obnoxious  hydrogen  sulfide 
for  the  removal  of  the  iron. 

In  the  determination  of  columbium  and  titanium,  sodium  hy¬ 
droxide  and  hexamethylenetetramine  are  used  to  determine 
columbium,  titanium,  or  both  in  high  chromium-nickel  steels 
containing  tungsten,  vanadium,  and  molybdenum. 

Preliminary  investigation  on  synthetic  mixtures  of  iron  and 


zirconium  indicates  that  the  procedures  are  applicable  to  the  de¬ 
termination  of  zirconium. 
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Determination  of  Metallic  Copper  in  Cuprous 
Oxide-Cupric  Oxide  Mixtures 

IRVIN  BAKER  AND  R.  STEVENS  GIBBS,  Chemical  Laboratory,  Norfolk  Navy  Yard,  Portsmouth,  Va. 


For  the  determination  of  metallic  copper  in  cuprous  oxide-cupric 
oxide  mixtures,  the  cuprous  oxide  is  dissolved  in  a  dilute  alcoholic 
hydrochloric  acid  solution  and  the  metallic  copper  is  determined  in 
the  insoluble  metallic  copper-cupric  oxide  residue  by  direct  solu¬ 
tion  in  acid  ferric  chloride  followed  by  titration  with  ceric  sulfate. 
Reaction  between  cupric  ions  and  metallic  copper  is  prevented  by 
addition  of  stannous  chloride  which  reduces  the  cupric  ion  to  cuprous 
ion.  Difficulties  in  the  analysis  of  commercial  copper  and  cuprous 
oxide  pigments,  due  to  physical  characteristics  of  the  pigments,  are 
presented.  The  effects  of  exposure  time,  temperature,  atmosphere, 
and  solvents  are  listed. 

A  large  number  of  analyses  were  made  by  this  method  on  syn¬ 
thetic  mixtures  and  commercial  copper  and  cuprous  oxides  with 
excellent  results.  The  method  is  rapid  and  accurate  and  requires 
only  the  apparatus  found  in  the  average  laboratory.  The  personal 
factor  involved  in  most  attempts  to  develop  a  method  of  analysis 
is  eliminated  and  only  a  few  and  relatively  simple  precautions  are 
required  in  the  performance  of  the  analysis. 

COMMERCIAL  cuprous  oxide  and  copper  pigments  for  use 
in  antifouling  paints  or  insecticides  are  prepared  by  several 
methods.  The  electrolytic  method  for  the  preparation  of  cu¬ 
prous  oxide  is  based  on  the  anodic  oxidation  of  copper  in  an  alka¬ 
line  solution.  By  control  of  the  current  density  and  the  tempera¬ 
ture  of  the  alkaline  salt  solution,  the  particle  size  of  the  cuprous 
oxide  can  be  controlled  to  produce  a  cuprous  oxide  of  high  purity. 
Pyrometallurgical  cuprous  oxide  is  prepared  by  the  reduction  of 
mixed  copper  oxides  obtained  (o)  as  a  by-product  of  wire  drawing 
or  copper  annealing  operations,  ( b )  from  the  copper  recovery  of 
ore  tailings,  (c)  by  leaching  scrap  copper  and  rich  ore  concen¬ 
trates,  and  (d)  from  cement  copper  powder.  The  mixed  copper 
oxides  are  reduced  by  heating  in  a  reducing  atmosphere  to  change 
the  cupric  oxide  to  cuprous  oxide  and  grinding  to  a  controlled 
fineness.  The  cuprous  oxides  are  then  coated  with  a  material 
such  as  stearic  acid,  protein,  pine  oil,  or  mineral  oil  to  prevent 
oxidation  on  storage.  A  new  type  of  copper  pigment  for  use  as 
a  substitute  for  cuprous  oxide  in  antifouling  paints  is  prepared 
from  cement  copper,  which  is  obtained  as  a  sludge  from  acid 
copper  mine  water  which  has  been  passed  over  iron.  The  copper 
is  displaced  from  solution  by  the  iron,  forming  a  spongy  precipi¬ 
tate  of  copper  particles.  Each  particle  of  copper  is  coated  with 
a  layer  of  cuprous  oxide. 

The  particle  sizes  of  the  constituents  of  the  copper  and  cuprous 
oxide  pigments  are  in  general  nonuniform  and  vary  from  0.2  to 
30  microns  with  a  mean  average  diameter  ranging  from  1  to  5 
microns.  The  pigment  obtained  from  these  manufacturing  opera¬ 


tions  contains  various  percentages  of  cupric  oxide  and  metallic 
copper,  depending  on  the  processing  received  and  the  raw  material 
used.  Besides  variations  in  composition,  the  various  manufactur¬ 
ing  processes  result  in  different  particle  shapes  and  surface  struc¬ 
ture.  In  some  types  the  cuprous  oxide  particles  are  covered  with 
finer  particles  of  cupric  oxide.  By  electron  microscopic  photo¬ 
graphs,  the  particles  of  cupric  oxide  formed  in  the  pigment  on 
aging  or  as  a  result  of  incomplete  reduction  in  manufacture  were 
found  to  be  approximately  one  tenth  the  size  of  the  cuprous  oxide 
particles  in  the  pyrochemical  type  cuprous  oxide.  In  the  copper 
pigments,  the  metallic  copper  contains  cuprous  oxide  on  the  sur¬ 
face  of  the  copper.  The  electrolytic  pigments  have  particles  of 
definite  structure,  whereas  the  pyrometallurgical  pigments  have 
irregular  shaped  particles.  The  data  presented  in  Table  I  indi¬ 
cate  the  wide  variation  in  physical  properties  of  these  pigments. 

LITERATURE  REVIEW 

In  a  previous  paper  (I)  the  authors  reviewed  the  difficulties 
involved  and  the  results  of  numerous  attempts  to  develop  a 
quantitative  determination  of  the  components  of  the  finely 
divided  mixtures  of  cuprous  oxide,  cupric  oxide,  and  metallic 
copper.  A  method  was  developed  that  gave  reproducible  results 
on  a  number  of  types  of  electrolytic  and  pyrometallurgical 
cuprous  oxide  pigments.  The  procedure  is  based  on  the  use  of  a 
dilute  aqueous  hydrochloric  acid  solution,  using  hydrazine  sul¬ 
fate  to  reduce  any  dissolved  cupric  ions.  Although  an  improve¬ 
ment  over  previous  methods,  further  experiments  have  shown  the 
method  to  lack  sufficient  accuracy.  Since  the  publication  of  this 
paper,  a  number  of  manufacturers  have  undertaken  the  manu¬ 
facture  of  cuprous  oxide  and  copper  pigments.  Samples  received 
from  several  manufacturers  were  analyzed,  using  the  hydro- 


Table  I.  Physical  Properties  of  Cuprous  Oxide  and  Copper 
Pigments 

Electro-  Pyrometallurgical  CmO 


lytic 

Copper 

Manufac¬ 

Manufac¬ 

Grade 

CujO 

Pigment 

turer  1 

turer  2 

Apparent  density,  lb./ 
cu.  ft. 

51.2 

97.8 

128.8 

105-132 

Oil  absorption,  lb.  of  oil/ 
100  lb.  of  pigment 

11.7 

-  15.2 

8.1 

6.5-7. 1 

Specific  gravity 

5.59 

5.72 

5. 84-5 . 94 

Color  (Munsell) 

R  4/6 

R  3/6 

R  4/6 

R  3/4-R  4/6 

Crystal  structure 

Star  shaped 

Porous 

Irregular 

Irregular 

Average  particle  diam¬ 
eter,  microns 

2. 1 

2.5 

2.1 

3. 0-5.0 

%  particles  less  than  1  n 

11 

33 

60 

15-22 

%  particles  1-3  \i 

56 

46 

32 

19-40 

%  particles  3-5  // 

25 

17 

6 

10-23 

%  particles  over  5  /z 

8 

4 

2 

21-49 
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chloric  acid-hydrazine  sulfate  method  (1)  for  metallic  copper 
content. 

Negative  figures  are  obtained  for  cupric  oxide  and  two  of  the 
samples  show  over  100%  of  cuprous  oxide  plus  metallic  copper. 
It  is  believed  that  this  is  indicative  of :  high  total  reducing  power, 
presence  of  other  metals  or  reducing  agents  having  a  reducing 
action  on  ceric  sulfate,  or  low  metallic  copper. 

Previous  results  ( 1 )  on  the  determination  of  total  reducing 
power  using  ceric  sulfate  showed  the  accuracy  of  this  method  to 
be  satisfactory.  Examination  of  the  pigments  showed  that  no 
other  metals  or  organic  matter  are  present  in  sufficient  quantity 
to  affect  the  results  materially.  Therefore,  the  indication  is 
that  the  metallic  copper  is  low. 

DEVELOPMENT  OF  METHOD 

One  of  the  chief  difficulties  involved  in  developing  an  analytical 
procedure  for  the  determination  of  copper  in  the  presence  of 
cuprous  oxide  and  cupric  oxide  is  in  the  preparation  of  a  standard 
reference  sample,  the  composition  of  which  is  definitely  known.  A 
standard  prepared  by  mixture  of  a  pure  electrolytic  cuprous  ox¬ 
ide,  copper  powder,  and  cupric  oxide  is  not  representative  of  the 
commercial  pigments.  The  cupric  oxide  in  the  synthetic  mix¬ 
tures  has  larger  particle  size  and  different  surface  structure,  and  is 
less  reactive  than  the  cupric  oxide  in  the  pigment  which  is  often 
formed  directly  on  the  copper  or  cuprous  oxide  particles.  The 
commercially  prepared  pigment  is  an  intimately  mixed  combina¬ 
tion  of  the  copper  cuprous  oxide,  and  cupric  oxide  prepared  si¬ 
multaneously  in  situ  during  the  manufacturing  process,  whereas 
the  synthetic  mixtures  are  composed  of  three  definite,  separate 
particles  of  copper,  cuprous  oxide,  and  cupric  oxide.  Moreover, 
the  physical  properties  of  various  grades  of  commercial  pigments 
are  sufficiently  different  to  alter  their  reactivities  toward  various 
chemical  reagents.  Therefore,  a  procedure  for  the  determination 
of  copper  must  be  accurate  not  only  for  synthetic  mixtures  but 
also  for  all  types  of  commercial  pigments  before  being  acceptable. 
Negative  figures  for  cupric  oxide  and  total  concentrations  of  in¬ 
gredients  adding  to  more  than  100%  will  aid  in  determining  the 
accuracy  of  a  procedure.  Reproducibility  of  results  cannot  be 
used  as  a  criterion  of  accuracy,  but  only  as  a  determination  of  the 
personal  factor  involved  in  the  method. 

As  previously  noted,  the  difficulty  in  selectively  dissolving 
cuprous  oxide  and  separating  it  from  metallic  copper  in  the  pres¬ 
ence  of  cupric  oxide  is  based  on  the  sensitivity  of  the  finely 
divided  components  to  chemical  solutions  and  the  effect  of  dis¬ 
solved  cupric  ion  on  metallic  copper.  In  the  previous  methods, 
the  reagents  used  for  dissolving  cuprous  oxide  also  attacked  the 
copper,  attacked  the  cupric  oxide  without  reducing  the  resultant 
cupric  ions  rapidly  enough  to  prevent  attack  on  copper,  or  formed 
reaction  products  that  attacked  the  copper. 

An  indication  of  the  effect  of  the  reagent  on  the  copper  can  be 
obtained  by  noting  the  effect  of  the  time  of  contact  between  the 
reagents  and  the  sample  on  the  percentage  of  copper  determined. 
In  all  previous  methods,  the  time  factor  is  of  considerable  im¬ 
portance,  indicating  that  the  metallic  copper  determinations  are 
low.  Maximum  indication  of  accuracy  is  inferred  from  a  pro¬ 
cedure  having  a  negligible  time  factor. 

A  reagent  to  be  suitable  must  have  no  effect  on  metallic  copper 
and  slight  attack  on  cupric  oxide  and  must  completely  dissolve 
the  cuprous  oxide.  A  reagent  that  has  no  effect  on  cupric  oxide 
is  unsuitable  for  the  determination  of  metallic  copper  in  certain 
pyrometallurgical  grade  cuprous  oxides,  since  a  large  portion  of 
the  cuprous  oxide  particles  are  covered  with  cupric  oxide,  thus 
preventing  the  required  dissolving  action.  Too  great  an  attack 
on  the  cupric  oxide  results  in  an  excess  concentration  of  cupric  ions 
which  may  attack  copper  before  reduction.  Dilute  hydrochloric 
acid  (I)  results  in  rapid  and  complete  solution  of  the  cuprous 
oxide  and  a  slight  attack  on  cupric  oxide.  Ammonium  hydrox¬ 
ide,  ammonium  chloride,  silver  sulfate,  and  iodine  were  found  to 
be  unsuitable  ( 1 ). 


Table  II.  Conductivity  of  Aqueous  and  Organic  Solutions 


Composition  of  Solutions  per  100  Ml. 
of  Solvent 


Solvent 

Stannous  chloride 

Hydrochloric  acid 

(sp.  gr.  =  1.19) 

Conductivity 
25°  C.  -10°  ' 

Grams 

Ml. 

Millimhos/cm. 

Water 

4 

180 

Water 

4 

4 

190 

Alcohol  (95%) 

4 

7.4  4.8 

Alcohol  (95%) 

4 

4 

6.6  3.6 

Acetone 

4 

3.8  1.4 

Acetone 

4 

4 

8.0  6.5 

Experiments  were  conducted  to  eliminate  the  attack  of  dilute 
hydrochloric  acid  on  metallic  copper  and  minimize  the  attack  on 
cupric  oxide.  The  strength  of  an  acid  is  dependent  on  the  degree 
of  ionization,  which  is  in  turn  dependent  on  the  dissociation  of 
the  acid.  Acids  require  water  or  similar  polar  mediums  to  enable 
ionization.  Maximum  ionization  is  obtained  at  infinite  dilution. 
Although  use  of  concentrated  acid  will  decrease  the  total  per  cent 
ionization,  its  attack  on  the  copper  will  increase.  Therefore,  the 
acid  concentration  is  kept  low  but  the  water  is  replaced  with  an 
organic  medium,  ethyl  alcohol,  which  reduces  the  ionization  and 
conductivity  of  the  solution.  Alcoholic  solutions  of  hydrochloric 
acid  were  found  to  give  higher  metallic  copper  figures,  showing  a 
decreased  solution  of  copper.  However,  the  results  obtained  for 
metallic  copper  decreased  with  increasing  cupric  ion  content  of  the 
solution,  indicating  the  need  for  a  reducing  agent  to  reduce  any 
cupric  oxide  dissolved. 

The  selection  of  a  reducing  agent  is  restricted  to  a  reagent  sol¬ 
uble  and  active  in  dilute  alcoholic  hydrochloric  acid  solutions. 
After  examination  of  a  number  of  reducing  agents,  stannous  chlo¬ 
ride  was  found  to  meet  the  requirements.  It  is  soluble  in  the 
alcoholic  solution  and  quickly  reduces  cupric  ion  to  cuprous  ion. 
Further  experiments  on  a  number  of  commercial  cuprous  oxide 
samples  containing  very  finely  divided  copper  and  cupric  oxide 
showed  that  more  accurate  results  and  a  decreased  effect  of  time 
factor  could  be  obtained  with  this  solution  by  keeping  the  tem¬ 
perature  low,  particularly  in  cement  copper  pigments.  The 
combined  effect  of  lower  temperature  and  inert  atmosphere  can 
be  obtained  by  adding  dry  ice  (solid  carbon  dioxide)  to  the  re¬ 
agent.  Table  II  lists  the  conductivities  obtained  at  various  com¬ 
positions  of  solutions  and  temperatures  and  illustrates  clearly 
the  reduced  activity  of  the  alcoholic  solution. 

REAGENTS 

Denatured  Alcohol,  Formula  12A.  To  1  liter  of  95% 
ethyl  alcohol,  add  5  ml.  of  benzene.  (Pure  grain  alcohol  can  be 
used  in  place  of  the  denatured  alcohol.) 

Extraction  Solution.  Add  40  ml.  of  concentrated  c.p. 
hydrochloric  acid  (sp.  gr.  1.19)  to  1  liter  of  the  denatured  alcohol. 
Mix  thoroughly.  Add  40  grams  of  c.p.  fresh  stannous  chloride 
(SnCl2.2H20)  and  stir  until  completely  dissolved. 

Ferric  Chloride  Solution.  Add  75  grams  of  c.p.  ferric 
chloride  hexahydrate  and  150  ml.  of  c.p.  hydrochloric  acid  (sp. 
gr.  1.19)  to  400  ml.  of  distilled  water.  Stir  to  complete  solution, 
add  5  ml.  of  30%  hydrogen  peroxide  solution,  and  boil  to  remove 
excess. 

Ceric  Sulfate  Solution.  Mix  50  grams  of  ammonium  hexa- 
nitrato  cerate  and  52  ml.  of  1  to  1  sulfuric  acid  and  dilute  slowly 
to  1  liter  with  distilled  water,  stirring  constantly.  Allow  to  stand 
several  days  and  filter  off  any  suspended  insoluble  matter. 
Standardize  by  dissolving  pure,  analyzed  copper  foil  free  from 
oxide  coatings  in  ferric  chloride  solution  and  titrating  with  the 

ceric  sulfate  solution,  using  o-phenanthroline  indicator. 

Indicator.  o-Phenanthroline  ferrous  complex  (ferroin), 
manufactured  by  G.  Frederick  Smith  Co.,  Columbus,  Ohio. 

PROCEDURE 

Add  about  20  ml.  of  4-mm.  diameter  glass  beads  to  a  250-ml. 
Phillips  conical  beaker  with  lip.  Weigh  accurately,  using  tared 
glazed  paper,  a  sample  of  suitable  size  depending  on  the  metallic 
copper  content.  Use  1-gram  sample  for  samples  containing  up 
to  10%  metallic  copper,  0.15-gram  sample  for  high  copper  samples 
(80%  metallic  copper),  and  proportional  amounts  for  intermedi- 
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Tabic  IV.  Analyses  of  Commercial  Copper  and  Cuprous  Oxide  Pigments 


Lot  No. 

29 

1110 

T-675 

926 

656 

237 

252H 

3 

1 

Type 

Grade  A 

Grade  B 

Copper 

Grade  A 

Grade  B 

Grade  B 

Grade  A 

Copper 

Copper 

Cu20 

Cu20 

Pigment 

Cu20 

Cu20 

Cu20 

Cu20 

Pigment 

Pigment 

Copper,  % 

0.69 

9.33 

77.3 

0.55 

5.67 

2.97 

4.39 

80.3 

75.7 

0.71 

9.46 

77.1 

0.61 

5.50 

2.94 

4.30 

80. 1 

76.0 

0.68 

9.51 

77.0 

0.58 

5.61 

2.96 

4.33 

80.5 

75.8 

0.71 

9.55 

77.4 

0.58 

5.60 

2.90 

4.29 

80.5 

75.6 

0.70 

9.43 

77.3 

0.60 

5.55 

2.95 

4. 18 

80.3 

75.9 

0.68 

9.50 

77.4 

0.61 

5.65 

2.90 

4 . 35 

80.4 

76.0 

Av. 

0.69 

9.45 

77.3 

0.59 

5.60 

2.94 

4.31 

80.4 

75.8 

Av.  deviation,  % 

±0.01 

±0.05 

±0. 1 

±0.03 

±0.05 

±0.04 

±0.05 

±0. 1 

±0. 1 

Total  reducing  power 
Total  copper  (electro- 

99.4 

• 

101.1 

188.9 

96.0 

101.3 

92.0 

101.4 

190.0 

186.6 

lytically) 

87.8 

88. 1 

91.6 

87.4 

88.4 

80.6 

86.8 

88.6 

90.5 

Cu20,  % 

97.8 

79.8 

15.0 

94.7 

87.7 

85.3 

91.7 

9. 1 

16.0 

CuO,  % 

0.3 

9.7 

1.3 

3.4 

6.1 

2.4 

1.3 

0.2 

0.7 

ate  mixtures,  so  that  a  titration 
greater  than  50  ml.  of  the  0.1  N 
ceric  sulfate  is  not  required. 

Add  25  ml.  of  denatured  alcohol 
to  the  beaker  and  swirl  vigor¬ 
ously  for  1  minute  to  disperse 
the  pigment  and  break  up  any 
lumps.  Add  slowly  100  ml.  of 
the  extraction  solution  while 
swirling  the  flask.  After  the 
addition  of  the  extraction  solu¬ 
tion,  swirl  the  flask  vigorously 
for  5  minutes,  adding  lumps  of 
dry  ice  continuously  during  this 
time  to  lower  the  temperature 
of  the  solution  to  approximately 
0°  C.  Break  up  any  remaining 
lumps  with  a  glass  rod  or  police¬ 
man. 

Filter  off  the  metallic  copper-cupric  oxide  residue  on  a  filter 
pad  as  described  below.  Continue  the  addition  of  dry  ice  to  the 
solution  in  the  extraction  flask  to  keep  the  temperature  low. 
Wash  the  flask  and  residue  with  150  to  200  ml.  of  denatured  al¬ 
cohol,  using  suction.  Transfer  the  filter  pad  containing  the  resi¬ 
due  to  the  original  extraction  flask  and  dissolve  in  25  ml.  of  the 
ferric  chloride-hydrochloric  acid  solution,  maintaining  an  atmos¬ 
phere  of  carbon  dioxide  above  the  sample  by  addition  of  dry  ice. 
Heat  on  a  steam  bath  to  dissolve  the  copper.  Add  50  ml.  of  dis¬ 
tilled  water  and  3  drops  of  o-phenanthroline  indicator.  Titrate 
with  the  standard  ceric  sulfate  until  the  color  changes  from 
orange  to  pale  green.  Calculate  the  metallic  copper  content  as 
follows: 

Grams  Cu  per  ml.  ceric  sulfate  solution  X  ml.  ceric  sulfate 
weight  of  sample 

100  =  %  metallic  copper 

NOTES  ON  PROCEDURE 

During  the  5-minute  swirling  period,  approximately  25  to  30 
grams '  of  dry  ice  are  added  in  about  5-gram  portions.  The 
initial  lumps  of  dry  ice  are  volatilized  rapidly,  owing  to  the  tem¬ 
perature  of  the  solution.  About  15  grams  of  dry  ice  are  added  in 
the  first  2  minutes  with  a  subsequent  drop  in  temperature  to  0  °  C. 
The  remaining  10  grams  volatilize  more  slowdy  and  gradu¬ 
ally  lower  the  temperature  to  the  vicinity  of  —10°  C.  These 
directions  are  not  critical  but  merely  serve  as  a  guide  line.  Dur¬ 
ing  the  filtration  period,  additons  of  dry  ice  to  the  flask  should  be 
continued  to  keep  the  solution  cold  until  all  the  extraction  solu¬ 
tion  has  been  filtered. 


TabD  III.  Determination  of  Metallic  Copper  in  Synthetic  Mixture 


Weight  Taken 


etallic  Cua 

Cu206 

CuOc 

Cu  Taken 

Cu  Found 

Error 

Gram 

Gram 

Gram 

% 

% 

% 

0. 1250 

98.8 

0.0984 

98.6 

0. 1402 

98.5 

o.  ioo 

0.48 

0. 100 

0.50 

0. 100 

0.50 

1.00 

0.0 

1.00 

0.0 

0. 0i95 

0.980 

2.42 

2.38 

-0.04 

0.0143 

0.985 

1.90 

1.87 

-0.03 

0.0257 

0.975 

3.03 

2.57 

-0.06 

0 . 0789 

0.910 

8.34 

8.22 

-0.08 

0  1405 

0.860 

14.31 

14.  19 

-0. 12 

0. 1410 

0.400 

26. 1 

25.9 

-0.20 

0. 1329 

0. 130 

50.3 

50. 1 

-0.20 

0. 1307 

0.050 

71.6 

71.5 

-0.1 

0.0205 

0.810 

0.20 

2.01 

1.98 

-0.03 

0.0413 

0.820 

0.20 

4.23 

4.25 

+0.02 

0.0745 

0.750 

0.20 

7.22 

7.19 

-0.03 

0. 1426 

0.610 

0.20 

15.1 

14.9 

-0.20 

0.0317 

0.510 

0.50 

3.25 

3.27 

+  0.02 

0.0787 

0.500 

0.50 

7.44 

7.31 

-0. 13 

0. 1384 

0.420 

0.50 

13.1 

12.9 

-0.20 

0. 1211 

0. 130 

0. 10 

34.3 

34.2 

-0. 10 

0.1148 

0.050 

0.05 

52.9 

51.7 

-0.40 

0. 1445 

0.05 

73.4 

73.2 

-0.20 

0. 1327 

0.  17 

43.3 

43.4 

+  0. 10 

0. 1126 

0.46 

19.6 

19.5 

-0. 10 

0. 1098 

0.75 

12.6 

12.4 

-0.20 

0. 1275 

0.88 

12.5 

12.4 

-0. 10 

“  325-mesh  copper  powder  extracted  with  extraction  solution  used  in  pro¬ 
cedure.  Total  reducing  power  of  extracted  copper  powder  is  222.3,  equiva¬ 
lent  to  98.8%  Cu.  This  figure  was  used  for  metallic  copper  for  calculation 
of  %  Cu  taken. 

6  A  commercial  grade  material  containing  0.5%  metallic  Cu.  Calculated 
copper  was  corrected  for  this  amount. 

c  A  325-mesh  reagent  grade  material  with  a  0.0%  total  reducing  power. 


The  electrolytic  type  of  cuprous  oxide  pigment  (252H)  was 
the  only  one  which  gave  some  difficulty  in  dispersing  and  breaking 
up  lumps.  The  difficulty  is  due  to  the  fact  that  a  different  coat¬ 
ing  is  used  on  this  pigment  to  prevent  air  oxidation.  After 
swirling  5  minutes  with  the  extraction  solution,  a  number  of  small, 
undispersed  lumps  of  cuprous  oxide  were  clearly  visible.  How¬ 
ever,  these  can  be  readily  dispersed  and  dissolved  by  crushing 
them  with  a  glass  rod  or  a  policeman.  The  solution  should  not  be 
filtered  until  there  is  no  evidence  of  lumps  present. 

Because  of  the  extremely  fine  particle  size  of  the  metallic  cop¬ 
per  in  some  samples,  care  must  be  exercised  in  the  filtration.  The 
following  method  of  filtration  has  been  found  satisfactory : 

Prepare  a  layer  of  coarse  asbestos  on  a  glass  or  hard-rubber 
perforated  disk  contained  in  a  Shimer  filtering  tube.  Next, 
place  a  layer  of  fine  asbestos  over  the  coarse  and  pack  firmly  using 
suction.  Wash  the  filter  pad  thoroughly  with  denatured  alcohol. 
The  pad  is  now  ready  for  the  filtration.  If  any  copper  passes 
through  the  pad,  as  is  evidenced  by  a  reddish  color  in  the  filtrate, 
discard  the  sample  and  repeat  the  analysis  using  a  thicker  and 
more  tightly  compressed  pad.  " 

RESULTS  OF  ANALYSIS 

The  metallic  copper  content  of  a  number  of  synthetic  mixtures 
was  determined  by  the  above  procedure  (Table  III).  The  syn¬ 
thetic  mixtures  were  prepared  by  weighing  various  amounts  of 
metallic  copper,  cuprous  oxide,  and  cupric  oxide  in  such  propor¬ 
tions  as  to  obtain  from  0  to  100%  of  each  ingredient,  to  determine 
the  effect  of  each  constituent  on  the  result  for  metallic  copper. 
In  only  one  case  was  the  error  greater  than  0.3%.  Although 
these  results  are  satisfactory,  it  must  be  borne  in  mind  that  the 
ingredients  were  prepared  separately  and  are  not  the  same  inti¬ 
mate  mixtures  that  are  found  in  commercial  samples.  More¬ 
over,  the  copper  powder  is  not  so  fine  as  many  of  the  metallic 
copper  particles  found  in  the  commercial  samples. 

Table  IV  lists  the  results  of  metallic  copper  determinations  on 
a  number  of  commercial  antifouling  pigments.  Lots  29,  1110, 
926,  656,  and  237  are  pyrometallurgical-type  cuprous  oxide  pig¬ 
ments.  Lot  252H  is  an  electrolytic  cuprous  oxide.  Lots  T-675, 
1,  and  3  are  copper  pigments  from  cement  copper.  The  average 
deviations  are  indicative  of  the  degree  of  accuracy  obtainable 
with  this  procedure.  The  total  reducing  powers  and  the  total 
coppers  were  determined  by  the  methods  outlined  in  (7),  except 
that  the  ceric  sulfate  was  standardized  with  c.p.  analyzed  copper 
foil.  The  cuprous  oxide  and  cupric  oxide  were  determined  by 
calculation.  The  increased  accuracy  of  the  method  is  indicated 
by  the  results  obtained  for  lot  3.  All  the  results  for  metallic  cop¬ 
per  obtained  by  methods  previously  discussed  gave  a  consider¬ 
ably  lower  figure.  This  resulted  in  a  negative  figure  for  cupric 
oxide — for  example,  the  method  of  (I)  gave  a  figure  of  70%  me¬ 
tallic  copper  for  lot  3  which  resulted  in  a  negative  cupric  oxide 
value  of  —12.9%.  The  average  deviations  obtained  for  the 
samples  containing  less  than  10%  copper  was  ±0.05%.  For 
high  copper  samples,  an  average  deviation  of  =*=0.1%  was  obtained. 
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EXPERIMENTAL  WORK 

Effect  of  Contact  Time  and  Temperature.  The  time  of 
shaking  in  the  extraction  solution  was  varied  from  2  minutes  to 
1  hour,  maintaining  the  low  temperature  by  continual  additions 
of  dry  ice.  High  results  were  obtained  on  lots  926  and  29  when 
shaken  only  2  minutes.  Check  results  were  obtained  with  all 
the  samples  when  shaken  in  the  extraction  solution  for  from  5 
minutes  to  1  hour,  provided  the  temperature  was  kept  low.  The 
effect  of  the  decreased  temperature  is  to  eliminate  the  solvent 
action  of  the  solution  on  the  finely  divided  copper  and  greatly 
decrease  the  solvent  action  on  the  cupric  oxide. 

Effect  of  Atmosphere  and  Temperature.  The  determina¬ 
tion  of  copper  in  an  aqueous  medium  requires  the  use  of  an  inert 
atmosphere  above  the  solution  to  prevent  rapid  oxidation  due  to 
the  high  oxygen  sensitivity  of  an  aqueous  acid  solution  of  copper. 
The  experiments  with  the  proposed  method  show  that  the  copper 
in  the  organic  solution  is  insensitive  to  oxygen  and  the  presence  of 
an  inert  atmosphere  is  unnecessary.  The  important  factor  in  the 
use  of  the  alcoholic  extraction  solution,  as  demonstrated  in  Table 
V,  is  the  use  of  low  temperatures.  Excellent  results  are  obtained 
at  low  temperatures  regardless  of  the  surrounding  atmosphere, 
and  despite  the  fact  that  the  copper  is  kept  in  contact  with  the 
extraction  solution  for  one  hour  before  filtering.  At  room  tem¬ 
perature,  however,  low  results  are  obtained  in  most  cases  when 
the  copper  and  extraction  solution  are  in  contact  one  hour  re¬ 
gardless  of  the  atmosphere. 

Effect  of  Solvent.  The  choice  of  a  suitable  solvent  is 
limited  by  several  factors.  The  solvent  must  remove  the  surface 
coating  to  disperse  the  pigment.  The  stannous  chloride  and 
cuprous  chloride  formed  from  the  reaction  of  cuprous  oxide  and 
hydrochloric  acid  must  be  completely  soluble  in  the  solvent. 
These  conditions  eliminate  most  of  the  solvents  except  acetone 
and  alcohol.  The  use  of  acetone  results  in  rapid  deterioration  of 
the  extraction  solution  and  yields  low  metallic  copper  figures  on 


Tablz  V.  Effect  of  Temperature  and  Atmosphere  on  Metallic 
Copper  Determinations 


Lot  No. 

29 

656 

252H 

3 

—  10°  C.  with  dry  ice  additions  to  the  solution 

—  10°  C.  by  placing  extraction  flask  in  alcohol- 

0.70 

5.63 

4.30 

80.2 

dry  ice  bath  (no  inert  atmosphere) 

0.69 

5.58 

4.35 

80. 5 

COz  gas  (room  temperature) 

0.52 

4.67 

4 . 25 

79. 1 

N2  gas  (room  temperature) 

0. 55 

4.40 

2.98 

78.7 

Room  temperature  (no  inert  atmosphere) 

0.40 

3.77 

3.07 

78 . 5 

Samples  remained  in  contact  with  extracting  solution  for  1  hour. 


the  samples  of  high  metallic  copper  content.  The  mixture  of 
hydrochloric  acid,  stannous  chloride,  and  denatured  alcohol  re¬ 
mains  clear  and  water-white  indefinitely.  Replacing  the  alcohol 
with  acetone  results  in  the  formation  of  a  light  yellow  reaction 
product  in  24  hours  and  a  dark  brown  reaction  product  in  several 
weeks.  The  result  for  metallic  copper  becomes  progressively 
lower  as  the  acetone  extraction  solution  ages.  No  deleterious 
aging  effects  are  found  in  the  alcohol  extraction  solution. 

Acid  Concentration.  The  concentration  of  4  ml.  of  con¬ 
centrated  hydrochloric  acid  per  100  ml.  of  solvent  used  in  the 
extraction  solution  represents  the  minimum  quantity  that  will 
completely  dissolve  all  the  cuprous  oxide  in  the  samples  tested. 
Doubling  the  acid  concentration  does  not  materially  affect  the 
results,  owing  to  the  low  conductivity  of  the  solution. 

Stannous  Chloride  Concentration.  Less  than  2  grams  or 
more  than  6  grams  of  stannous  chloride  per  100  ml.  of  denatured 
alcohol  in  the  extraction  solution  results  in  low  metallic  copper 
figures  in  a  number  of  instances. 
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Determination  of  Magnesium  in  Al  uminum  Alloys 

HENRY  C.  DETERDING  AND  RICHARD  G.  TAYLOR,  Sonken  Galamba  Corporation,  Kansas  City,  Ka  ns. 


The  authors  submit  an  analytical  method  of  making  the  initial  separa¬ 
tion  of  magnesium  hydroxide  in  the  presence  of  other  alloying 
constituents  held  in  solution  as  complexes  formed  under  controlled 
pH  conditions.  Final  determination  of  magnesium  may  be  a 
simple  spectrophotometric  measurement  of  the  light  transmission  or 
optical  density  of  the  magnesium  hydroxyquinolate  in  hydrochloric 
acid  solution,  the  volumetric  bromate-thiosulfate  titration  of  mag¬ 
nesium  hydroxyquinolate,  or  a  gravimetric  weighing  as  magnesium 
pyrophosphate. 

THE  increased  production  of  complex  aluminum  alloys  has 
created  a  difficult  problem  for  the  analytical  chemist.  Pres¬ 
ent  aluminum  alloys  contain  varying  percentages  of  copper,  iron, 
zinc,  silicon,  manganese,  magnesium,  chromium,  nickel,  titanium, 
and  occasional  associated  impurities  such  as  calcium,  lead,  tin, 
and  bismuth.  Spectrographic  methods  for  the  analysis  of  these 
complicated  alloys  have  become  increasingly  popular,  but  only 
the  larger  laboratories  have  been  able  to  obtain  or  can  afford 
to  purchase  spectrographic  equipment.  The  spectrograph  does 
not  eliminate  the  need  of  accurate  chemical  methods,  since  the 
spectrographer  is  dependent  on  the  chemical  laboratory  for  an 
accurate  analysis  of  his  spectrographic  standards  and  the  fre¬ 
quent  checking  of  his  results. 

Since  magnesium  has  a  most  pronounced  effect  on  the  physical 
properties  of  these  alloys,  it  requires  accurate  analytical  control. 
Standard  basic  procedures  have  been  dependent  on  preliminary 
separation  of  the  other  metals  with  a  final  precipitation  of  the 
magnesium  remaining.  These  procedures  usually  make  an  initial 


attack  of  the  sample  with  sodium  hydroxide,  with  addition  of 
hydrogen  or  sodium  peroxide  if  chromium  is  present.  Samples 
of  high  silicon  content  require  a  special  or  modified  treatment 
( Z) .  The  initial  sodium  hydroxide  attack  separates  the  alumi¬ 
num  as  soluble  sodium  aluminate,  leaving  the  other  alloying 
metals  as  residuals.  These  are  usually  treated  with  hot,  dilute 
hydrochloric  acid  to  dissolve  the  magnesium,  with  a  resulting 
solution  of  many  other  metals  as  well.  Experienced  analysts 
have  recognized  that  the  magnesium  in  the  residue  from  the 
initial  caustic  attack  is  not  always  readily  or  completely  soluble  in 
hydrochloric  acid.  This  may  be  due  to  a  partial  combination  of 
the  magnesium  as  magnesium  silicide  or  other  combinations  with 
other  alloying  metals.  Treatment  of  the  residuals  with  nitric- 
sulfuric  acids  is  effective  in  assuring  complete  solution  of  the 
magnesium,  but  further  complicates  subsequent  separations  (£) . 

The  “ideal”  analytical  method  indicated  a  complete  solution 
of  the  alloy  in  hydrochloric-nitric-hydrofluoric  acids  and  a  direct 
precipitation  of  the  magnesium.  A  survey  of  the  literature 
offered  no  known  reagent  specific  in  a  reaction  with  magnesium 
in  acid  solution  and  in  the  presence  of  aluminum  and  other  alloy¬ 
ing  metals.  The  very  low  solubility  of  magnesium  hydroxide  in¬ 
dicated  promise  as  an  initial  separation  if  the  other  metals  could 
be  held  in  an  alkaline  solution  as  complex  compounds.  Study 
and  laboratory  experiments  proved  that  many  of  the  complexes 
soluble  in  alkaline  solutions  could  be  formed  by  the  addition  of 
sodium  tartrate,  but  manganese  only  by  the  addition  of  tartaric 
acid  to  the  acid  solution.  Efforts  to  separate  nickel  quantita- 
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tively  as  a  cyanide  complex  were  unsuccessful  until  it  was  found 
that  pH  control  was  necessary.  .  At  a  pH  of  approximately  7, 
the  formation  of  a  nickel  cyanide  complex  soluble  in  alkaline 
solution  is  quantitative.  The  presence  of  the  tartrates  serves 
the  dual  purpose  of  forming  soluble  metal  complexes  and  acting 
as  a  buffer  for  pH  control  in  the  formation  of  the  soluble  nickel 
cyanide  complex. 

After  a  final  precipitation  as  the  hydroxyquinolate,  the  mag¬ 
nesium  may  be  determined  by  the  well-known  bromate-thiosul- 
fate  titration  procedure  ( 3 ).  Spectrophotometric  measurement, 
however,  offers  the  decided  advantages  of  eliminating  the  prepa¬ 
ration  and  frequent  standardization  of  volumetric  solutions. 
Several  references  in  the  technical  literature  cover  the  conversion 
of  magnesium  hydroxyquinolate  to  ferric  hydroxyquinolate  and 
subsequent  measurement  (4,  7,  9,  10).  The  authors  find  it 
easier  merely  to  dissolve  the  magnesium  hydroxyquinolate  in 
dilute  hydrochloric  acid  and  measure  the  light  transmission  or 
optical  density,  using  a  light  wave  length  of  365  mfi.  Using  a 
cell  having  a  light  path  of  1  cm.,  concentrations  up  to  6  micro¬ 
grams  per  milliliter  can  be  measured.  The  color  is  stable  for 
several  days  and  the  plot  of  optical  density  vs.  concentration 
obeys  the  Beer-Lambert  law. 

The  simpler  colorimeters  using  a  tungsten  lamp  as  a  light  source 
do  not  have  sufficient  sensitivity  in  the  365-m/t  band.  A  mer¬ 
cury  H-4  lamp  with  a  narrow  band  filter  may  be  used  with  color¬ 
imeters  of  the  two-cell  bridge-type  circuit  such  as  the  Lumetron 
Model  402E,  or  the  measurement  may  be  made  with  a  spectro¬ 
photometer  such  as  the  Beckman  or  the  Coleman  instrument. 

When  only  an  occasional  analysis  is  to  be  made,  the  final  pre¬ 
cipitation  of  the  magnesium  may  be  made  as  the  pyrophosphate 
with  subsequent  ignition  and  weighing.  The  accuracy  of  this 
method  is  equal  to  that  of  the  other  methods  employed. 

INSTRUMENTS 

Spectrophotometric  measurements  were  made  using  a  Lume¬ 
tron  Model  402E  fitted  with  an  H-4  mercury  lamp  light  source, 
a  Sola  constant -voltage  transformer,  a  narrow-band  365-m/t  glass 
filter  and  1-cm.  cells.  Also  used  was  a  narrow  band  colorimeter 
of  the  authors’  own  construction  having  a  tungsten  lamp  light 
source,  a  929  vacuum  photocell,  and  a  slide-back  potentiometric 
measuring  circuit  with  two  stages  of  electronic  amplification  in 
the  null  point  galvanometer  circuit. 

REAGENTS 

Sodium  hydroxide  solution,  200  grams  dissolved  and  diluted  to 
1000  ml.  Potassium  cyanide  solution,  300  grams  dissolved  and 
diluted  to  1000  ml.  Sodium  tartrate  solution,  300  grams  dis¬ 
solved  and  diluted  to  1000  ml.  Tartaric  acid  solution,  300 
grams  dissolved  and  diluted  to  1000  ml. 

Bromocresol  purple  indicator,  40  mg.  dissolved  in  100  ml.  of 
ethanol. 

8-Hydroxy  quinoline  reagent,  20  grams  dissolved  in  1000  ml.  of 
isopropyl  alcohol. 

Alcohol-ammonia  wash,  500  ml.  of  isopropyl  alcohol,  480  ml. 
of  water,  and  20  ml.  of  ammonia  water. 

Sodium  hydroxide  wash,  100  ml.  of  sodium  hydroxide  solution 
diluted  to  1000  ml. 

Pyridine  wash,  15  ml.  of  pyridine  and  40  ml.  of  ammonia  water 
in  1000  ml.  of  water. 

Ammonium  benzoate,  100  grams  dissolved  and  diluted  to 
1000  ml. 

Alizarin  Red  S,  0.10  gram  dissolved  in  100  ml.  of  glacial  acetic 
acid. 

Dilute  acetic  acid,  200  ml.  of  glacial  acetic  acid  diluted  to  1000 
ml.  Dilute  hydrochloric  acid,  equal  volumes  of  acid  and  water. 

PROCEDURE 

Spectrophotometric.  Weigh  a  sample  of  0.6  gram  of  alloys 
of  0.20  to  2.00%  magnesium  content,  1.2  grams  if  the  magnesium 
content  is  below  0.20%.  Place  the  weighed  sample  in  a  500-ml. 
Erlenmeyer  flask  and  add  20  ml.  of  dilute  hydrochloric  acid, 
warming,  if  necessary,  to  start  reaction.  When  the  reaction  is 
complete  add  10  ml.  of  nitric  acid  and  heat  to  complete  solution 
of  the  sample.  In  the  presence  of  silicon  in  the  alloy  add  hydro¬ 
fluoric  acid  in  1-  or  2-ml.  portions,  warming  after  each  addition, 


Table  1.  Determination  of  Magnesium 

Spectro- 

Pvropht 

Reported 

photometric 

phate 

% 

% 

% 

Bureau  of  Standards 

No.  85 

0.40 

0.39 

0.39 

0.40 

0.41 

0.41 

Av.  0.40 

No.  85a 

1.58 

1.57 

1.58 

1.57 

1.59 

1.58 

Av.  1 . 578 

1.57 

1.58 

1.59 
1.59 
1.59 

1.584 

Aluminum  Research  Institute 

No.  39 

0.21  av. 

0.20 

0.21 

0.22 

0.22 

0.23 

Av.  0.216 

No.  40 

0. 14  av. 

0. 14 

0. 13 

0.13 

0. 15 

Av.  0. 137 

Alcoa  spectrographic  standards 

SA  104 

0.89 

0.88 

0.88 

0.89 

0.89 

0.90 

Av.  0.888 

SAC  400 

0.05 

0.05 

0.05 

0.055 

0.06 

0.04 

Av.  0.051 

SAC  118 

0.50 

• 

0.51 

0.50 

0.50 

0.52 

Av.  0.508 

SSXA  142 

1.53 

1.53 

1.53 

1.53 

1.51 

1.54 

Av.  1.528 

Composition  of  Samples  Used 


85 

85a 

39 

40 

104 

400 

118 

142 

Cu 

4. 11 

2.48 

7.40 

0.37 

2.00 

4.52 

2.90 

4.11 

Sn 

0.004 

0.001 

1.05 

0. 12 

0.50 

Pb 

0.007 

0.002 

0.49 

0.10 

0.40 

Zn 

0.014 

0.02 

2.23 

0.24 

0.50 

0.08 

2.87 

Si 

0.46 

0. 11 

1.88 

5.58 

6.79 

2.35 

2.43 

o.’  is 

Mn 

0.56 

0.66 

0.21 

0.08 

0.09 

0.21 

Mg 

0.40 

1.58 

0.21 

0.14 

0.89 

0.05 

0.50 

1 ' 5S 

Cr 

0.23 

0.36 

0.09 

0.1® 

Ni 

0.41 

0.83 

0.10 

0.i7 

o' 09 

2.07 

Ti 

0.02 

0.016 

0.11 

0.10 

0.08 

0.09 

0. 11 

until  all  silicon  is  dissolved  and  the  solution  is  clear.  Evaporate 
to  drive  off  most  of  the  free  acids  but  avoid  excessive  formation  ol 
crystals,  since  these  may  be  difficult  to  redissolve.  A  final  volume 
of  10  ml.  will  usually  satisfy  these  conditions. 

Add  30  ml.  of  hot  water,  heat  to  boiling,  and  dissolve  all  salts  as 
rapidly  as  possible.  Add  20  ml.  of  sodium  tartrate  solution  fol¬ 
lowed  by  20  ml.  of  tartaric  acid,  boiling  the  solution  vigorously 
after  each  addition.  Add  8  to  10  drops  of  bromocresol  purple 
indicator  and  add  sodium  hydroxide  solution  to  the  appearance 
of  a  distinct  purple  color,  carefully  avoiding  any  large  excess. 
Keep  at  or  near  boiling  during  the  addition  of  the  sodium  hy¬ 
droxide  solution.  Add  10  ml.  of  potassium  cyanide  solution  and 
boil  one  minute,  then  add  30  ml.  of  sodium  hydroxide  solution 
while  keeping  the  solution  at  a  vigorous  boil  until  perfectly  clear. 
Add  100  ml.  of  hot  water  slowly  and  hold  just  at  boiling  tempera¬ 
ture  about  1  or  2  minutes. 

Remove  the  flask  from  the  heat  and  swirl  slowly.  After  slight 
cooling,  the  magnesium  hydroxide  usually  appears  as  rather  fine 
particles.  Digest  on  a  hot  plate  just  below'  boiling  temperature 
from  3  to  5  minutes.  When  the  precipitate  coagulates  into  rather 
large  clumps,  filter  through  a  Whatman  No.  30  or  No.  40  or 
equivalent.  Wash  filter  and  flask  thoroughly  with  hot  2%  sodium 
hydroxide  wash,  taking  care  to  remove  as  much  of  the  aluminum 
salts  as  possible.  Discard  filtrate  and  washings. 
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Retention  of  some  aluminum  salts  by  the  filter  paper  and  oc¬ 
clusion  by  the  magnesium  hydroxide  are  unavoidable.  Removal 
if  these  small  traces  of  aluminum  must  be  made  by  one  of  the 
,hree  following  procedures: 

(а)  Dissolve  the  washed  magnesium  hydroxide  from  the 
ilter  with  30  ml.  of  hot  dilute  acetic  acid  and  wash  the  paper  with 
lot  water.  Receive  filtrate  and  washings  in  the  flask  in  which 
he  original  precipitation  was  made.  Hold  volume  to  60  to  75 
nl.  Add  10  ml.  of  ammonium  benzoate  solution  ( 6 )  and  bring 
ust  to  boiling.  Remove  from  hot  plate  and  allow  to  stand  2 
Ininutes.  Filter  on  paper  of  medium  texture,  wash  with  warm 
vater,  and  hold  total  volume  to  100  to  125  ml.  Discard  paper, 
md  reserve  filtrate  and  washings. 

(б)  Dissolve  the  washed  magnesium  hydroxide  from  the 
ilter  with  30  ml.  of  hot  dilute  hydrochloric  acid  and  wash  paper 
vith  hot  water,  holding  volume  to  60  to  75  ml.  Add  2  drops  of 
)romocresol  purple  indicator  and  carefully  neutralize  with  am- 
nonia  water  to  the  appearance  of  a  faint  purple  color.  Add  1 
nl.  of  Alizarin  Red  S  solution  ( 8 )  followed  by  2  ml.  of  ammonia 
cater.  Heat  to  temperature  of  approximately  90°  C.,  remove 
rom  heat,  and  allow  to  stand  until  the  appearance  of  a  red  pre- 
•ipitate.  Filter  on  medium  texture  paper  and  wash  with  warm 
cater.  Save  the  filtrate,  and  discard  filter  paper. 

(c)  Follow  procedure  given  under  ( b )  through  neutralization 
cith  ammonia  water.  Add  2  ml.  of  pyridine  and  warm  to  45°  to 
)0°  C.  Remove  from  hot  plate,  swirl  flask  thoroughly  several 
imes,  and  allow  to  stand  a  few  minutes.  The  aluminum  pyri- 
line  complex  forms  a  white  gelatinous  precipitate.  Filter  on  a 
>aper  of  usual  type  and  wash  with  pyridine-ammonia  wash  water, 
lolding  volume  to  approximately  125  ml. 

Remove  the  small  residual  traces  of  aluminum  by  one  of  the 
hree  procedures  given  and  precipitate  the  magnesium  as  the 
lydroxyquinolate.  If  procedure  (a)  has  been  followed,  neutralize 
he  solution  with  ammonia  water,  using  a  few  drops  of  bromo- 
resol  purple  as  indicator.  To  the  neutral  solution  add  a  mini- 
num  of  5  ml.  of  the  8-hydroxyquinoline  reagent  plus  1  ml.  for 
tl%  of  magnesium  above  0.5%  anticipated  in  the  sample.  (On 
amples  of  low  magnesium  content  the  addition  of  2  or  3  ml.  of 
artaric  acid  solution  prior  to  the  neutralization  with  ammonia 
cater  will  facilitate  the  subsequent  precipitation  of  the  magne- 
ium  hydroxyquinolate.)  Add  10  ml.  of  ammonia  water  and 
teat  to  a  vigorous  boil.  Then  hold  just  below  boiling  for  5  or  10 
ainutes  or  until  the  precipitate  begins  to  settle.  Remove  from 
iot  plate  and  allow  to  stand  an  additional  5  minutes. 

Filter  on  Whatman  No.  40  or  equivalent  and  wash  thoroughly 
cith  the  alcohol-ammonia  wash  to  remove  all  excess  reagent, 
lissolve  the  magnesium  hydroxyquinolate  precipitate  from  the 
liter  with  40  ml.  of  hot  dilute  hydrochloric  acid  and  wash  paper 
cith  hot  water.  Receive  the  filtrate  and  washings  in  a  200-ml. 
olumetric  flask,  Kohlrausch  type  preferred.  Cool  thoroughly 
nd  dilute  to  mark.  Pipet  accurately  20  ml.  to  a  second  200-ml. 
rolumetric  flask,  add  10  ml.  of  dilute  hydrochloric  acid,  dilute  to 
nark,  and  measure  transmission  or  optical  density.  On  alloys 
■f  low  magnesium  content,  it  is  preferable  to  measure  without 
he  second  dilution  and  calculate  accordingly. 

Preparation  of  Spectrophotometric  Graph.  Dissolve  0.5 
;ram  of  pure  magnesium  metal  in  50  ml.  of  dilute  hydrochloric 
cid  and  dilute  to  1  liter.  Measure  accurately  from  a  buret  30 
hi.  into  a  500-ml.  Erlenmeyer  flask,  dilute  to  125  ml.,  add  20  ml. 
f  8-hydroxyquinoline  reagent  and  12  ml.  of  ammonia  water, 
recipitate,  and  wash  as  directed  above.  Dissolve  the  precipi- 
ate  with  40  ml.  of  hot  dilute  hydrochloric  acid  and  receive  the 
ltrate  and  washings  in  a  500-ml.  volumetric  flask.  Cool  and 
ilute  to  mark.  Measure  accurately  into  100-ml.  volumetric 

asks  2-,  4-,  6-,  . 20-ml.  volumes,  add  10  ml.  of  dilute 

ydrochloric  acid,  dilute  to  mark,  and  measure  transmission  or 
iptical  density  in  cells  of  1-cm.  light  path,  using  light  of  365-m/i 
rave  length.  These  quantities  are  equivalent  to  0.20,  0.40, 

!.60 . 2.00%  magnesium  content  on  the  0.6-gram  sample 

reight  specified.  Transmission  vs.  concentration  plotted  on 
emilog  paper  should  give  a  straight  line.  Coleman  spectro- 
hotometer  paper  has  been  found  of  a  convenient  size  and  ar- 
angement  for  this  and  similar  graphs. 

Bromate-Thiosulfate  Method  (3).  Using  a  sample  weight 
f  0.5  or  1.0  gram  according  to  the  magnesium  content  of  the  alloy, 
bllow  the  preceding  procedure  through  the  final  precipitation 
ind  washing  of  the  magnesium  hydroxyquinolate.  Dissolve  the 
precipitate  from  the  filter  with  30  ml.  of  hot  dilute  hydrochloric 
cid,  receiving  the  filtrate  and  washings  in  a  500-ml.  Erlenmeyer 
ask.  Cool  thoroughly,  dilute  to  125  to  150  ml.,  add  5  drops  of 
arbon  tetrachloride,  and  with  constant  swirling 'of  the  flask  add 
he  standardized  potassium  bromate  solution  from  a  buret  until 


the  carbon  tetrachloride  takes  on  a  faint  reddish  color.  Add  10 
ml.  of  potassium  iodide  solution  and  titrate  the  liberated  iodine 
with  standardized  sodium  thiosulfate  to  a  pale  straw  color.  Add 
a  few  milliliters  of  starch  solution  and  continue  the  titration  to 
the  disappearance  of  the  blue  color.  Add  the  last  few  drops  of 
thiosulfate  slowly  to  ensure  reaction  with  any  small  amount  of 
iodine  held  by  the  carbon  tetrachloride.  The  bromate  solution 
may  be  standardized  by  precipitation  of  known  amounts  of 
magnesium  as  the  hydroxyquinolate  and  titration  in  the  usual 
manner. 

Gravimetric  Pyrophosphate  Method  (5).  Using  0.5-  to 
1.0-gram  sample  weight,  precipitate  the  magnesium  hydroxide 
and  wash  as  directed.  Dissolve  the  precipitate  from  the  filter 
with  30  ml.  of  hot,  dilute  hydrochloric  acid,  and  remove  the  re¬ 
sidual  aluminum  by  the  use  of  pyridine  as  given  under  procedure 
(c).  Receive  the  filtrate  from  the  pyridine  separation  in  a  400- 
ml.  beaker  and  make  just  acid  to  methyl  red  indicator,  using 
dilute  hydrochloric  acid.  Add  10  to  20  ml.  of  saturated  diam¬ 
monium  phosphate  solution  with  constant  stirring.  Add  am¬ 
monia  water  slowly  with  continued  stirring  until  no  further  pre¬ 
cipitation  is  apparent,  then  add  an  excess  of  ammonia  water 
equivalent  in  volume  to  5%  of  the  original  volume.  Cover  and 
allow  to  stand  overnight,  preferably  in  an  ice  box.  Use  a  beaker 
free  of  scratches  and  avoid  scratching  with  the  glass  stirring  rod. 
Filter  and  wash  with  cold  water  containing  2%  ammonia  water. 
Ignite  in  a  weighed  porcelain  crucible  until  the  precipitate  is 
completely  white.  After  burning  off  the  filter  paper,  final  igni¬ 
tion  in  a  muffle  furnace  at  1050°  to  1150°  C.  is  preferable.  Fac¬ 
tor  =  0.2184. 


EXPERIMENTAL  CHECKS 

Since  various  metals  are  used  as  alloying  additions  in  alumi¬ 
num  alloys  or  may  occur  as  impurities,  synthetic  samples  of 
various  compositions  were  prepared.  These  consisted  of  the 
chlorides  of  nickel,  chromium,  iron,  copper,  titanium,  calcium, 
tin,  zinc,  manganese,  aluminum,  and  lead  nitrate,  together 
with  known  amounts  of  magnesium  as  the  chloride.  These  syn¬ 
thetic  samples  were  then  analyzed  by  the  spectrophotometric 
procedure.  Magnesium  recovered  agreed  with  the  known  amount 
present  within  the  limits  of  experimental  error,  indicating  the 
noninterference  of  these  metals.  Analytical  results  obtained  on 
two  Bureau  of  Standards  samples,  two  Aluminum  Research  In¬ 
stitute  exchange  samples,  and  four  Aluminum  Company  of 
America  spectrographic  standards  are  reported  in  Table  I.  In 
the  certificate  furnished  with  the  Alcoa  spectrographic  standards, 
the  purchaser  is  warned  that:  “These  standards  are  prepared 
and  standardized  for  use  in  spectrographic  analysis  by  methods 
similar  to  those  of  the  Aluminum  Company  of  America.  They 
are  not  necessarily  suitable  for  use  in  analytical  methods  involv¬ 
ing  the  use  of  other  sample  forms  or  procedures.” 
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Determination  of  Menthol  in  Peppermint  Oil 

Acetic  Anhydride  and  Pyridine  as  Reagent 

J  S.  JONES  AND  S.  C.  FANG,  Chemistry  Department,  Oregon  Agricultural  Experiment  Station,  Corvallis,  Ore. 


THIS  study  was  undertaken  to  meet  the  need  in  a  research 
program  on  peppermint  oil  production  for  simplification  and 
increased  accuracy  in  methods  used  for  the  quantitative  deter¬ 
mination  of  menthol.  The  method  of  Power  and  Kleber  (7), 
generally  accepted  in  the  aromatic  industry  for  that  compound 
and  “official”  in  the  United  States  Pharmacopoeia,  is  both  time- 
consuming  and  of  questioned  reliability,  since  variable  results 
on  identical  samples  of  oil  have  been  obtained  all  too  frequently 
by  it  in  different  laboratories. 

Brignall  (I)  described  a  new  procedure  for  the  hydroxyl  group 
based  on  the  use  of  an  acetylating  mixture  consisting  of  acetic 
anhydride  and  n-butyl  ether.  In  peppermint  oils  free  menthol 
determinations  by  this  method  have  averaged  about  3%  lower 
than  those  done  by  the  method  of  Power  and  Kleber.  Christen¬ 
sen  and  Pennington  (2)  worked  out  a  method  involving  the  use 
of  acetyl  chloride  in  determining  menthol  in  peppermint  oil. 
By  it,  results  of  menthol  determinations  in  this  laboratory  agree 
very  well  with  those  obtained  by  the  Brignall  procedure  but  fall 
distinctly  low  in  comparison  with  those  obtained  by  the  official 
method.  Other  methods — viz.,  one  by  Delaby,  Sabetay,  and 
Brengnot  ( 3 ),  one  by  Freed  and  Wynne  (4),  and  one  by  Ogg, 
Porter,  and  Willits  (5),  each  making  use  of  a  mixture  of  pyridine 
and  acetic  anhydride — have  been  proposed  for  the  analysis  of 
primary  and  secondary  alcohols  with  application  of  heat.  A 
micromethod,  too,  has  been  proposed  by  Petersen,  Hedberg,  and 
Christensen  ( 6 )  using  the  same  reagent  without  application  of  heat 
for  determination  of  the  hydroxyl  content  of  pure  organic  com¬ 
pounds.  The  authors  recently  applied  this  last-mentioned  tech¬ 
nique  on  the  macro  scale  for  the  determination  of  free  menthol  in 
peppermint  oils. 

ANALYTICAL  PROCEDURE 

The  necessary  reagents  are:  c.p.  acetic  anhydride,  pyridine  c. p. 
and  water-free,  and  sodium  hydroxide  0.5  N  and  carbonate-free. 

An  approximately  0.6-gram  sample  of  oil  is  introduced  into  a 
weighed  7.5-cm.  (3-inch)  test  tube  by  means  of  a  dropper  and  its 
weight  again  taken  accurately  to  find  the  weight  of  sample  used. 
Approximately  0.5  gram  of  acetic  anhydride  is  introduced  into  the 
tube,  which  is  then  reweighed.  Following  the  addition  of  0.5  cc. 
of  pyridine,  the  tube  is  sealed  with  a  cork  which  previously  has 
been  dipped  in  melted  paraffin.  The  tube  is  immediately  shaken 
once,  set  aside  at  room  temperature  for  48  hours,  then  opened 
and  placed  in  an  Erlenmeyer  flask.  Fifty  cubic  centimeters  of 
water  are  added  and  the  solution  is  titrated  with  standard  sodium 
hydroxide.  Near  the  end  of  the  titration,  flask  and  contents  are 
heated  for  a  few  minutes  to  ensure  complete  hydrolysis  of  the 
excess  acetic  anhydride  and  then  titration  is  carried  to  the  end 
point  of  phenolphthalein  as  shown  by  persistence  of  the  pink 
color  for  1  minute.  A  blank  titration  is  carried  out  at  the  same 
time  to  determine  the  volume  of  standard  base  required  to  neu¬ 
tralize  the  acid  derived  from  1  gram  of  acetic  anhydride.  Another 
sample  is  weighed  and  titrated  with  standard  alcoholic  sodium 
hydroxide  with  phenolphthalein  as  indicator  to  determine  the 
amount  of  free  acid  in  the  peppermint  oil.  The  per  cent  of  free 
menthol  is  then  calculated  by  the  formula 

„  ,  .,  ,  (A  X  R  -  B,  +  B2)N  X  156.16  X  100 

%  free  menthol  =  - =4? - 

W 

in  which 

A  =  weight  in  grams  of  acetic  anhydride  used 
R  =  ml.  of  standard  base  required  to  neutralize  the  acid  de¬ 
rived  from  1  gram  of  acetic  anhydride 
B 1  =  ml.  of  standard  base  required  to  neutralize  the  remaining 
acid 

B j  =  ml.  of  standard  base  required  to  neutralize  the  free  acid  of 
the  sample 


N  =  normality  of  standard  base 
W  =  weight  of  sample  in  milligrams 

ANALYTICAL  RESULTS 

Free  menthol  was  determined  on  samples  of  mint  oil  obtained, 
by  steam-distillation  and  refined  by  petroleum  ether  extraction,  j 

Table  I  shows  that  an  acetylation  period  of  more  than  24  hours 
is  necessary  and  that  one  of  28  to  32  horns  is  ample  for  maximum) 
values. 

At  least  100%  in  excess  of  the  theoretical  amount  of  acetylat¬ 
ing  agent  is  required  (Table  II). 

The  amount  of  pyridine  used  may  vary  within  a  rather  wide 
range  but  the  ratio  of  acetic  anhydride  to  pyridine  must  not  be 
less  than  5  to  5  (Table  III). 

In  Table  IV  each  value  by  the  Christensen  and  Pennington 
and  the  official  methods  is  the  average  of  two  determinations; 
each  value  by  the  authors’  method  is  the  average  of  two  or  more 
determinations.  Results  by  the  official  method  and  by  the  au- 1 
thors’  method  are  in  close  agreement,  while  results  by  the  Chris¬ 
tensen  and  Pennington  method  are  from  1  to  4%  lower. 

Finally  the  authors’  method  was  used  for  the  recovery  of  men¬ 
thol  added  in  varying  amounts  to  500  mg.  of  peppermint  oil  con¬ 
taining  50.6%  of  free  menthol.  Recovery  values  shown  in 
Table  V,  from  single  determinations,  are  considered  satisfactory. 


Table  1.  Effect  of  Variations 

in  Length  of  Acetylating  Period 

Acetylation  Period 

Free  Menthol  Found0 

Hours 

% 

4 

44.7 

8 

46.3 

12 

46.3 

16 

47.9 

20 

48.0 

24 

47.9 

28 

50.0 

32 

50.0 

36 

49.1 

40 

49.5 

44 

50.1 

48 

49.4 

“  Each  value  from  a  single  determination. 

Table  II.  Effect  of  Variations  in 

Amount  of  Acetylating  Agent  Used 

Acetic  Anhydride  Used, 

%  of  Theoretical 

Free  Menthol 

Requirement 

Found,  % 

106 

38.9 

158 

47.8 

169 

47.9 

203 

49.8 

230 

50.1 

252 

50.1 

287 

49.5 

Table  III.  Effect  of  Varying  Acetic  Anhydride-Pyridine  Ratio 

(Acetylating  period  48  hours,  room  temperature,  and  at  least  100% 

excess  acetic  anhydride) 

Acetic  Anhydride- 

Free  Menthol 

Pyridine  Ratio 

Found,  % 

Without  pyridine 

11.5 

5:  f 

51.2 

5:2 

50.1 

5:3 

51.0 

5:4 

51.4 

5:5 

51.1 

5:7.5 

50.1 

5:10 

49.9 

5:15 

49.1 

5-:  20 

48.8 
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Table  IV.  Results 

by  Different  Procedures 

Christensen  and 

Official  or  Power 

Pennington 

and  Kleber 

Authors 

%  of  Average 

%  of 

Average 

%  of 

Average 

Sample 

menthol  deviation 

menthol  deviation 

menthol  deviation 

A 

52.0  0.3 

54.0 

0.2 

53.9 

0.1 

B 

52.6  0.1 

53.2 

0.5 

54.2 

0.2 

F 

51.4  0.2 

52.2 

0.3 

52.4 

0.2 

G 

51.4  0.4 

53.1 

0.4 

53.3 

0.1 

7 

51.2  0.2 

52.8 

0.6 

52.7 

0.2 

7A 

52.1  0.7 

54.7 

0.1 

54.8 

0.1 

D7 

53.1  0.2 

56.0 

0.6 

56.1 

0.0 

D7A 

54.0  0.8 

58.0 

0.2 

57.6 

0.1 

82 

51.0  0.1 

51.9 

0.4 

51.2' 

0.0 

Table  V.  Recovery  of  Menthol 

Menthol 

Menthol  Actually 

Menthol 

Added 

Present 

Found 

Recovery 

Mg. 

Mg. 

Mg. 

% 

60.7 

318.7 

318.7 

100.0 

50.7 

303.7 

304 . 3 

100.2 

106.1 

363.1 

361.5 

99.8 

102.3 

350.3 

347.2 

99.1 

151.6 

366.6 

363.3 

99.1 

146.8 

375 . 8 

374.6 

99.7 

184.4 

388.4 

383.7 

98.8 

193.0 

402.0 

395.7 

98.5 

SUMMARY 

From  the  standpoint  of  time  requirement  and  reproducibility 
of  results,  a  very  satisfactory  procedure  has  been  developed  for 
the  determination  of  free  menthol  in  peppermint  oil.  It  is  based 
upon  the  utilization  of  a  mixture  of  acetic  anhydride  and  pyridine. 
The  necessary  acetylation  period  is  somewhat  longer  for  menthol 
than  is  required  by  the  microprocedure  with  the  same  mixture 
for  other  alcohols  unaccompanied  by  such  a  mixture  of  compounds 
as  that  which  characterizes  peppermint  oil.  The  requirement  for 
acetic  anhydride  is  at  least  100%  in  excess  of  the  theoretical 


amount.  Since  the  menthol  content  of  peppermint  oil  varies 
with  the  several  factors  pertaining  to  production  and  time  of 
harvesting,  it  is  necessary  to  add  a  substantial  excess  of  this  re¬ 
agent.  The  amount  of  pyridine  used  may  vary  within  a  rather 
wide  range,  but  the  ratio  of  acetic  anhydride  to  pyridine  must 
not  be  greater  than  1  to  1.  A  wider  ratio  necessitates  a  longer 
acetylation  period.  For  peppermint  oils  containing  free  acid, 
the  values  thus  obtained  should  be  corrected. 

From  this  series  of  experiments  it  is  clear  that  the  Power  and 
Kleber,  or  official,  method  for  free  menthol  in  peppermint  oil  is 
capable  of  yielding  very  satisfactory  results,  if  the  details  of 
manipulation  as  given  in  the  U.  S.  Pharmacopoeia  are  closely 
followed.  The  method  devised  by  the  authors,  however,  involv¬ 
ing  the  use  of  acetic  anhydride  and  pyridine  as  acetylating  agents, 
is  both  more  economical  of  reagents  and  substantially  less  time- 
consuming  per  sample,  particularly  when  a  fairly  large  number  of 
samples  of  oil  are  involved.  Samples  set  aside  for  acetylation  re¬ 
quire  no  attention  during  the  acetylation  period.  Duplicate  re¬ 
sults  determined  by  the  authors’  method  check  more  closely  than 
those  by  the  official  method. 
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Accelerated  Aging  Test  for  Insecticidal  Aerosols 

Containing  DDT 

LYLE  D.  GOODHUE  and  W.  R.  BALLINGER 
U.  S.  Department  of  Agriculture,  Bureau  of  Entomology  and  Plant  Quarantine,  Be Itsvi  1 1 e ,  Md. 


The  introduction  of  DDT  into  the  liquefied-gas  aerosol  has  created 
|:he  problem  of  stabilizing  the  aerosol  solution  and  preventing  corro- 
iion  of  the  container.  The  ease  with  which  hydrochloric  acid  is 
iberated  from  DDT  in  the  presence  of  some  iron  salts  has  made 
lecessary  the  development  of  an  accelerated  aging  test  for  studying 
he  effect  of  the  different  aerosol  constituents  on  this  reaction.  A 
i m p I e  pressure  test  tube  and  a  method  of  running  a  test  are  described, 
he  rate  of  decomposition  varies  greatly,  depending  mostly  on  the 
olvents  used.  Certain  combinations  have  been  developed  which 
iippear  to  be  satisfactory. 

THE  first  insecticidal  aerosol  (2)  used  by  our  armed  forces 
I  consisted  of  a  solution  of  pyrethrum  and  sesame  oil  in  di- 
:;hlorodifluoromethane  (Freon-12).  This  aerosol  was  very  effec- 
ive  against  mosquitoes,  but  the  addition  of  DDT  was  found  to 
increase  its  toxicity  to  flies  and  other  insects  %).  The  incorpora¬ 
tion  of  DDT  in  the  aerosol  presents  several  problems,  including 
forrosion  of  the  iron  container  and  formation  of  tarry  materials  by 
lecomposition  of  some  of  the  aerosol  constituents. 

DDT  tends  to  liberate  hydrochloric  acid  in  the  presence  of  some 
netals  and  their  salts  ( 1 ).  Ferric  chloride  is  a  particularly  good 
atalyst  when  the  DDT  is  dissolved  in  some  solvents,  but  in 
•thers  very  little  action  takes  place.  The  solvent  combination 
or  the  DDT  aerosol  solution  is  therefore  very  important.  Since 
TDT  is  only  slightly  soluble  in  Freon-12,  some  cosolvent  must  be 


used  to  keep  even  as  little  as  3%  in  solution.  The  choice  of  a 
cosolvent  must  take  into  consideration  its  effect  on  the  decomposi¬ 
tion  of  DDT  in  aD  iron  aerosol  bomb.  In  order  to  study  some  of 
these  effects  an  accelerated  aging  test  was  developed.  The 
method  of  making  the  test  and  some  results  are  reported  in  this 
paper. 

APPARATUS 

A  simple  pressure  test  tube  was  devised  for  these  tests.  A 
heavy  glass  tube  was  fitted  to  a  tire  valve  as  shown  in  Figure  1. 
The  construction  is  described  as  follows :  The  frame,  1,  was  cut 
from  1/2-inch  brass  pipe  and  threaded  on  the  inside  of  each  end 
with  Vs-inch  pipe  threads.  A  standard  Vs-inch  brass  pipe  plug, 
2,  was  drilled,  and  a  tire-valve  stem,  3,  was  soldered  in  place, 
about  0.6  cm.  (0.25  inch)  of  the  stem  extending  through  the  plug. 
This  extension  passed  through  the  neoprene  washer,  4,  and  pre¬ 
vented  the  flow  of  the  rubber,  which  was  under  pressure,  from 
closing  the  hole.  The  glass  test  tube,  5,  was  made  from  tubing 
having  an  inside  diameter  of  10  mm.  and  an  outside  diameter  of 
15  mm.,  and  was  15  cm.  (6  inches)  long.  It  was  sealed  at  one 
end,  cut  at  right  angles  and  fire-polished  at  the  other  end,  and 
then  annealed.  The  last  step  is  very  important.  A  calibration 
mark  was  etched  on  with  a  small  grinding  tool  at  a  point  where  the 
tube  would  contain  10  grams  of  solution.  The  test  tube  was  held 
in  place  against  the  washer  by  another  Vs-inch  brass  pipe  plug, 
6.  A  0.47-cm.  (3/i6-inch)  depression  was  turned  in  the  plug  to 
accommodate  a  leather  washer,  7,  as  a  pad  to  protect  the  glass. 
The  test  strip,  8,  was  usually  iron.  Its  size  was  7.5  X  0.6  X  0.04 
cm.  (3  by  0.25  by  x/u  inch),  affording  twice  the  surface  per  unit 
volume  of  solution  occurring  in  a  0.45-kg.  (1-pound)  aerosol  bomb. 
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Different  types  of  valve  cores  were 
used.  Those  having  neoprene  gaskets 
and  valve  seats  were  best.  A  special 
type  having  a  stiff  spring,  such  as  is  used 
in  the  hydraulic  system  on  airplanes, 
gave  the  least  leakage.  An  ordinary 
valve  cap  was  used  as  an  added  precau¬ 
tion. 


TESTING  PROCEDURE 

All  the  apparatus  must  be  carefully 
cleaned  to  eliminate  the  possibility  of 
catalysts  that  might  cause  decomposi¬ 
tion  of  DDT.  Moisture,  hydrochloric 
acid,  or  iron  salts  of  any  kind  must  be 
avoided. 


The  glass  tubes  were  cleaned  in  a  hot 
nitric  and  sulfuric  acid  bath,  rinsed  at 
least  15  times  with  tap  and  distilled 
water,  and  dried  at  110°  C.  The 
neoprene  washers  were  boiled  in  dis¬ 
tilled  water,  washed  with  pure  acetone, 
and  dried  at  60°  C.  The  valve  stems 
were  cleaned  with  chloroform  and  pure 
acetone  and  dried  at  110°  C.  The  valve 
cores  were  washed  quickly  in  chloroform 
and  then  in  acetone  and  dried  at  60  °  C. 

Most  of  the  nonvolatile  materials 
tested  were  dried  in  a  vacuum  while 

being  heated  to  60  °  C.  for  at  least  30  minutes,  and  later  were 
stored  in  a  vacuum  desiccator.  Some  were  used  as  received  to 
study  the  effect  of  undried  materials.  Freon-12  was  always  used 
as  received. 

The  iron  test  strips  were  of  the  same  material  used  for  the 
manufacture  of  the  aerosol  bombs.  They  were  kept  under  light 
oil,  but  some  corrosion  occurred  and  had  to  be  removed.  The 
method  of  cleaning  the  metal  strips  affected  the  results  of  the  tests. 
Wire  brushing,  acid  treatments,  or  tumbling  with  sand  was  not 
satisfactory.  Apparently  certain  catalysts  were  introduced  which 
give  erratic  results.  Fine  emery  cloth  was  found  to  be  the  best 
material  for  cleaning.  The  method  was  slow,  but  uniform  results 
were  obtained. 

All  the  nonvolatile  materials  were  weighed  into  the  clean  test 
tubes,  the  metal  strip  was  added,  and  the  apparatus  was  as¬ 
sembled.  Moderate  pressure  of  the  glass  tube  on  the  neoprene 
washer  prevented  appreciable  leakage  of  Freon  for  more  than  2 
months.  The  Freon  was  introduced  up  to  the  mark  all  at  once 


Figure  1 .  Pressure 
Test  Tube  for  Testing 
DDT  Aerosols 


Table  !.  Composition  of  Basic  Formulas  Tested 


Per  Cent 

by 

Weight 

in 

Following 

F  ormulas 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Constituent 

Insecticides 

Pyrethrum  extract 

(20%) 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

DDT 

3 

3 

3 

3 

3 

3 

5 

3 

3 

2 

3 

Lethanea 

Thanite& 

5 

5 

Synergists 

Sesame  oil 

Synergist  312c 

8 

3 

Solvents 

Methylene  chloride 

30 

.  .  f 

APS-202<* 

Cyclohexanone 

5 

7 

5 

5 

12 

5 

5 

8 

12 

Lubricating  oil  (No.  30) 

5 

5 

5 

5 

Acetone 

35 

Isophorone 

5 

VelsieoD 

5 

Inhibitors 

Dioleyl  malate 

0.03 

Degras  fatty  acids 

0.03 

Propylene  oxide 

5 

.  . 

Liquefied  gases 

Freon-12 e 

85 

83 

85 

85  90  80 

85 

60 

85- 

88- 

83 

Methyl  chloride 

50 

from  a  warm  supply  to  obtain  a  pressure  head.  This  procedure 
trapped  some  air,  so  that  conditions  were  similar  to  those  in  an 
aerosol  bomb,  and  eliminated  condensed  moisture  that  might  be 
carried  into  the  apparatus.  The  tubes  were  then  placed  in  an 
oven  at  60  °  C.  They  were  examined  at  intervals  for  corrosion  or 
changes  in  the  system. 

The  formulas  of  the  aerosol  solutions  used  for  these  tests  are 
presented  in  Table  I. 

RESULTS 

At  first  all  tests  were  terminated  at  the  end  of  one  month 
The  strips  of  metal  were  washed  with  hexane,  dried,  and  weighed. 
Hexane  was  used  because  it  does  not  remove  the  tars  that  are 
often  formed.  However,  the  gain  in  weight  which  is  a  combina¬ 
tion  of  the  corrosion  products  and  polymerized  materials  which 
often  occur  simultaneously  did  not  appear  to  be  a  good  criterion 
of  stability.  Later  the  tests  were  continued  until  corrosion  or  tar 
formation  started.  The  time  interval  was  used  as  the  basis  of 
comparison,  and  it  is  on  this  information  that  the  following  state¬ 
ments  are  based. 

The  combination  tested  most  frequently  (No.  1)  contains 
pyrethrum  extract,  DDT,  cyclohexanone,  and  lubricating  oil  dis¬ 
solved  in  Freon-12.  The  stability  of  the  solution  depends  first  on 
the  method  of  manufacturing  the  pyrethrum  extract.  F our  kinds 
of  pyrethrum  extract  were  tried  in  this  formula,  and  it  was  learned 
that  the  extracts  having  the  most  naturally  occurring  inhibitors 
are  best.  Various  types  of  lubricating  oils  also  had  a  considerable 
effect.  Aromatic  base  oils  seemed  to  be  the  best,  and  some  of  the 
oils  tested  may  have  contained  inhibitors.  Three  grades  of  DDT 
were  used  in  combination  1.  A  purified  grade  of  DDT  is  gen¬ 
erally  better  than  a  technical  grade;  some  technical  grades  are 
better  than  others.  Cyclohexanone  appears  to  reduce  the  stabil¬ 
ity  of  the  mixture.  Only  freshly  distilled  anhydrous  material  can 
be  used  and  this  is  variable.  This  mixture  usually  breaks  down  in 
less  than  one  month  at  60°  C. 

The  thiocyanate  insecticides  (Nos.  3  and  4)  are  not  so  stable  as 
pyrethrum  extracts  in  a  DDT  aerosol  solution.  The  mixture  of 
pyrethrum  and  sesame  oil  (No.  5)  without  DDT  is  stable  over 
very  long  periods,  and  has  never  caused  corrosion  of  iron  nor  tar 
formation.  Synergist  312  (No.  6)  has  shown  poor  stability  in  two 
tests,  causing  tar  formation  in  26  days. 

A  combination  such  as  No.  12  can  be  handled  most  easily,  and 
gives  very  good  results  in  these  tests.  It  contains  pyrethrum  ex¬ 
tract,  DDT,  and  an  aromatic  petroleum  fraction  in  Freon-12. 
Various  proportions  have  been  tested  and  none  has  broken  down 
before  50  days,  while  some  have  run  more  than  100  days.  This 
aromatic  petroleum  cosolvent,  a  by-product  in  the  manufacture 
of  high-octane  gasoline,  consists  mostly  of  polymers  of  alkylated 
naphthalenes  and  anthracenes,  but  the  exact  composition  is  not 
known. 

Two  tests  with  isophorone  (No.  7)  show  that  it  forms  a  fairly 
stable  solution,  causing  tar  formation  in  52  days.  Acetone  (No. 
8)  in  combination  with  DDT  in  methyl  chloride  causes  definite 
corrosion  of  iron,  but  no  tar.  Methylene  chloride  (No.  9)  is  a 
very  good  diluent  for  Freon-12  (3)  and  a  good  cosolvent  to  keep 
DDT  in  solution,  but  is  not  so  stable  in  the  aerosol  mixture  as 
would  be  desired.  The  period  before  decomposition  was  44  days. 

Propylene  oxide  (No.  2)  is  both  an  excellent  solvent  for  DDT 
and  a  stabilizer.  Its  ability  to  accept  nascent  hydrochloric  acid 
appears  to  stabilize  the  DDT  aerosol  solution.  No  corrosion  nor 
tar  formation  has  occurred  in  tests  running  as  long  as  150  days. 
The  combination  (No.  2)  of  the  aromatic  petroleum  fraction  and 
propylene  oxide  appears  to  give  the  most  stable  DDT  aerosol 
solution.  Propylene  oxide  has  the  disadvantage  of  being  highly 
flammable  and  slightly  toxic,  so  that  considerably  more  care  must 
be  used  in  manufacturing  the  aerosol  bomb.  It  is  not  flammable 
when  mixed  with  Freon  in  the  proportions  needed. 

Dioleyl  malate  (No.  10)  appears  to  give  added  stability  to  the 
solution  in  some  cases.  Degras  fatty  acids  (No.  11)  give  no  pro¬ 
tection. 

Freon-12  appears  to  give  a  more  stable  solution  than  methyl 
chloride.  Not  many  tests  have  been  made  on  methyl  chloride, 
since  it  is  not  used  in  the  military  aerosol  bomb. 
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Determination  of  Traces  of  Acetylene  in  Liquid  Oxygen 

in  Rectifying  Columns 

H.  P.  McKOON  AND  HENRY  D.  EDDY,  Stuart  Oxygen  Co.,  San  Francisco,  Calif. 


A  modified  method  for  determining  very  small  amounts  of  acetylene 
in  liquid  oxygen  from  air-rectifying  columns  is  presented.  As 
acetylene  is  dangerous  in  these  columns  and  will  sometimes  explode 
violently,  studies  were  made  of  the  acetylene  content  when  (1) 
different  lubricating  oils  are  used,  (2)  calcium  carbide  is  stored  near 
an  oxygen  plant,  (3)  liquid  oxygen  is  periodically  drained  from  the 
columns  and  discarded,  (4)  the  air  intake  location  is  changed,  and 
(5)  an  acetylene  plant  is  located  in  close  proximity  to  an  air-reduc¬ 
tion  plant. 

IT  IS  generally  believed  that  explosions  in  the  pure  oxygen  pot' 
of  rectifying  columns  producing  oxygen  from  liquid  air  are 
attributable  to  acetylene.  Acetylene  may  be  present  in  the  crude 
air  or  may  be  formed  from  the  breakdown  of  the  lubricating  oil  in 
the  air  compressor.  As  oxygen  boils  at  —183°  C.  and  acetylene 
freezes  at  —81°  C.,  nearly  all  the  acetylene  entering  the  column 
will  remain  there. 

However,  it  is  distinctly  possible  that  other  hydrocarbon  ma¬ 
terials  can  produce  explosions  in  rectifying  columns,  because 
practically  all  hydrocarbon  materials  will  burn  with  oxygen  and 
many  will  explode  with  liquid  oxygen.  Some  detonator  is  re¬ 
quired  to  set  the  explosion  off,  although  acetylene  and  other  ma¬ 
terials  may  detonate  spontaneously.  All  this  goes  to  show  the 
great  danger  in  the  presence  and  accumulation  of  hydrocarbon 
materials  in  liquid  oxygen  condensers. 

From  the  standpoint  of  safe  operation,  a  method  for  determin¬ 
ing  traces  of  acetylene  in  liquid  oxygen  was  needed.  Since  many 
oxygen  plants  do  not  have  a  trained  chemist  available  for  ana¬ 
lytical  work,  it  was  desirable  that  the  method  developed  be  one 
which  could  be  used  by  plant  operators. 

LITERATURE  REVIEW 

Practically  nothing  on  the  subject  has  been  published  in  this 
country,  although  many  Russian  papers  deal  with  this  work,  and 
some  German  articles  and  several  English  papers  have  been  re¬ 
ported. 

Pollitzer  (4)  states  that  about  80%  of  the  acetylene  in  the  air 
will  remain  in  the  apparatus.  He  cites  as  an  example  that,  in  a 
plant  making  100  cubic  meters  of  oxygen  per  hour,  using  air  that 
contains  5  parts  per  million  of  acetylene,  about  1  kg.  of  acetylene 
will  enter  the  apparatus  in  the  course  of  14  days  and  about  0.8  kg. 
will  remain.  The  exact  quantity  of  acetylene  needed  to  produce 
an  explosion  is  not  accurately  known.  A  few  grams  suffice, 
under  certain  conditions,  to  produce  a  strong  local  explosion. 

Burbo  (1)  discusses  the  dangerous  deposition  of  solid  acetylene 
in  the  condensers  of  the  oxygen  column.  He  gives  the  vapor  pres¬ 
sure  of  solid  acetylene  as  from  89°  to  105°  Kelvin.  If  all  oxygen 
is  continuously  evaporated  from  the  main  condenser,  a  maximum 
of  0.184  cc.  of  acetylene  is  evaporated  per  cubic  meter  of  oxygen, 
corresponding  to  a  maximum  concentration  of  0.037  p.p.m.  of 
acetylene  in  the  incoming  air,  in  excess  of  which  solid  acetylene 
will  accumulate. 

Coulson-Smith  and  Seyfang  (2?)  describe  a  colorimetric  method 
based  on  the  color  of  copper  acetylide  in  colloidal  solution  (Ilos- 
vay’s  solution) .  A  series  of  mixtures  of  air  and  acetylene  was  pre¬ 
pared  and  100  ml.  of  each  were  passed  through  ammoniacal  cu¬ 
prous  chloride  solutions.  The  resulting  cuprous  acetylide  solu¬ 
tions  were  then  matched  by  running  measured  amounts  of  a 
standard  iron  solution  into  a  5%  potassium  thiocyanate  solution. 
One  of  the  present  authors  checked  these  results,  using  a  water 
solution  of  acetylene  made  from  carbide,  purifying  it  to  remove 
phosphine  and  hydrogen  sulfide,  and  passing  the  gas  through  dis¬ 
tilled  water.  The  acetylene  content  was  determined  by  adding  10 
ml.  of  0.01  N  silver  nitrate,  filtering  off  the  silver  acetylide,  and 


back-titrating  the  remaining  silver  nitrate  with  0.01  N  potassium 
thiocyanate.  The  value  obtained  was  0.14  ml.  of  acetylene  per 
ml.  of  water.  Next,  various  amounts  of  the  acetylene  water  were 
run  into  ammoniacal  cuprous  chloride  solution  (described  below) 
and  the  color  was  obtained  by  the  iron  solution  and  potassium 
thiosulfate  of  Coulson-Smith  and  Seyfang.  Excellent  checks 
were  obtained  (see  Table  I). 

When  determining  acetylene  in  liquid  oxygen,  the  gasified 
oxygen  cannot  be  bubbled  directly  through  the  Ilosvay  solution 
(ammoniacal  cuprous  chloride),  since  it  will  oxidize  the  colorless 
cuprous  solution  to  a  blue  cupric  compound  and  hence  will  inter¬ 
fere  wdth  the  color  comparison.  Obviously  the  sample  of  liquid 
oxygen  must  first  be  gasified  and  the  acetylene  frozen  out. 

Oks  (.3)  describes  a  condenser  for  such  a  purpose.  He  also  used 
a  large  copper  funnel  of  5000-ml.  capacity,  tapering  down  to  a 
neck  of  500-ml.  capacity.  The  sample  of  liquid  oxygen  was 
boiled  down  to  500  ml.  A  stopper  was  then  inserted  in  the  neck, 
water  poured  in  to  make  an  ice  seal,  and  the  balance  of  the  gasi¬ 
fied  oxygen  run  through  the  condenser. 

The  authors  have  modified  the  methods  of  Coulson-Smith  and 
Seyfang  and  of  Oks  (the  best  Russian  work) ,  for  the  determination 
of  acetylene  in  liquid  oxygen. 

EXPERIMENTAL  WORK 

Work  of  Coulson-Smith  and  Seyfang  (2)  was  checked  (Table  I). 

The  authors  used  the  iron  solution  as  a  standard  in  their  first 
tests,  but  calibrated  a  Coming  glass  filter  No.  348  (Table  II)  for  a 
permanent  standard.  The  solution  used  was  prepared  as  follows: 

Cuprous  Chloride.  Twelve  grams  of  cuprous  chloride  were 
dissolved  in  300  ml.  of  distilled  water  and  135  ml.  of  concentrated 
ammonium  hydroxide  were  added,  and  then  stirred.  The  solu¬ 
tion  was  transferred  to  a  bottle  in  which  some  copper  wire  had 
been  placed. 

Hydroxyl  amine  Hydrochloride  Solution.  Seventy  grams 
of  hydroxylamine  hydrochloride  were  dissolved  in  300  ml.  of 
warm  water  and  placed  in  a  stoppered  bottle. 

Starch  Solution.  Soluble  starch  (2.5  grams)  was  mixed  in  5 
ml.  of  cold  water  poured  into  300  ml.  of  boiling  water.  This  was 
boiled  for  2  minutes,  cooled,  and  diluted  to  500  ml. 

To  20  ml.  of  the  cuprous  chloride  were  added  30  ml.  of  hvdrox- 
ylamine  hydrochloride  and  20  ml.  of  starch  solution.  This  was 
placed  in  a  100-ml.  Nessler  tube  and  30  ml.  of  distilled  water  were 
added,  followed  by  the  acetylene  water.  The  starch  was  used  in 
order  to  keep  the  cuprous  acetylide  precipitate  in  a  colloidal  state 
for  easier  color  comparison. 

Another  method  of  determining  the  acetylene  is  to  bubble  the 
gasified  sample  through  an  ammoniacal  silver  nitrate  solution, 
filter  the  silver  acetylide  precipitate  off,  dissolve  it  in  nitric  acid, 
and  titrate  the  silver  with  potassium  thiocyanate.  Oks  (S)  shows 
that  the  results  obtained  by  this  method  are  about  five  times  as 
low  as  those  obtained  wdth  the  ammoniacal  cuprous  chloride 
solution. 

The  authors  decided  that  the  ammoniacal  cuprous  chloride 
method  was  the  better  one  for  their  purpose. 


Table  I.  Determination  of  Acetylene 


Ferric  Alum 

Equivalent 

C2H2  Content 

of  Water 

C2U2 

to  Match  Color 

Ferric 

Coulsen-Smith 

Water 

(0.35-MI.  Blank) 

Alum 

and  Seyfang 

Eddy 

Ml. 

Ml. 

Ml. 

Ml. 

Ml. 

0.1 

0.50 

0.15 

0.015 

0.014 

0.2 

0.62 

0.27 

0.027 

0.028 

0.3 

0.74 

0.39 

0.039 

0.042 

0.4 

0.87 

0.52 

0.052 

0.056 

0.5 

1.05 

0.70 

0.070 

0.070 

0.6 

1.22 

0.87 

0.087 

0.084 

0.7 

1.37 

1.02 

0.102 

0.098 

0.8 

1.50 

1.15 

0.115 

0.112 
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Figure  1.  Apparatus  for  Acetylene  Test 
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The  funnel  described  by  Oks  (3)  was  found  too  cumbersome  in 
use.  The  ice  plug  blew  out  on  the  trial  rims,  thus  making  a  better 
arrangement  desirable. 

Finally,  an  Erlenmeyer  flask  was  placed  in  a  100-ml.  beaker  and 
packed  with  rock  wool.  The  sample  of  liquid  oxygen  was  placed 
in  the  flask,  stoppered  with  a  two-hole  rubber  stopper,  and  the 
gasified  oxygen  passed  through  two  of  the  Oks  condensers,  which 
were  immersed  in  liquid  oxygen  (see  Figure  1  for  details  of  this 
equipment).  A  250-ml.  Erlenmeyer  flask  was  used  when  testing 
samples  above  0.7  p.p.m.  A  larger  sample  was  taken  when 
dealing  with  lower  concentrations. 

After  all  the  oxygen  had  vaporized  (evidenced  by  melting  of  the 
frost  on  the  rubber  tubing),  the  first  condenser  .was  lifted  out  of 
its  cooling  liquid  and  examined  for  recondensed  oxygen.  Oxygen 
recondenses  if  the  condensers  are  inserted  too  far  into  the  liquid 
oxygen.  If  any  was  present,  it  was  slowly  vaporized  off  by  lifting 
the  condenser  out  of  the  liquid,  but  without  removing  the  va  cuum 
flask,  since  evaporation  would  then  be  too  fast  and  the  acetylene 
would  be  carried  off.  This  was  repeated  for  the  second  conden¬ 
ser. 

Next  the  absorption  bulb,  filled  with  150  ml.  of  Ilosvay  solu¬ 
tion,  was  connected  to  the  last  condenser;  the  vacuum  flasks 
were  removed,  and  a  nitrogen  supply  was  connected  to  the 
Erlenmeyer  flask  at  low  pressure.  The  pinchclamp  was  removed 
and  nitrogen  was  bubbled  through  for  a  half  hour. 

When  the  first  part  of  the  gas  was  passed  through,  the  solution 
turned  blue  owing  to  the  oxygen  present,  but  this  soon  disap¬ 
peared  as  the  excess  hydroxylamine  hydrochloride  reduced  it  to 
the  colorless  form.  A  pink  to  red  color  was  imparted  to  the 
solution  by  the  acetylene,  depending  upon  the  amount  present. 

The  absorption  bulb  was  removed  and  the  color  compared  with 
the  comparator  part  of  the  colorimeter.  A  100-ml.  tube  of  dis¬ 
tilled  water  was  placed  over  the  glass  to  simulate  the  conditions 
of  the  unknown.  The  glass  was  calibrated  by  means  of  the 
ferric  alum  solution.  Since  only  100  ml.  of  the  150  ml.  of  solution 
from  the  absorber  were  used,  when  100  ml.  of  solution  matched 
the  glass  filter,  the  ferric  alum  equivalent  of  the  wffiole  solution 
would  be  150/100  of  0.94  or  1.43  ml.,  equivalent  to  0.143  ml.  of 
acetylene.  Since  250  ml.  of  liquid  oxygen  are  equal  to  200,000 
ml.  of  gaseous  oxygen,  the  acetylene  content  on  the  gas  basis 
would  be  0.7  p.p.m. 

Because  the  depth  of  color  of  cuprous  acetylide  solutions  bears 
a  linear  relationship  to  the  concentration  of  acetylene,  a  deeply 
colored  solution  could  have  been  halved  or  quartered  and  made 
up  to  the  original  volume  and  the  acetylene  multiplied  by  2  or  4. 

Oks  (S)  uses  only  one  condenser  for  his  work.  He  claims  com¬ 
plete  freezing  out  of  the  acetylene  while  maintaining  a  temper¬ 
ature  of  — 160  °  C.  inside  the  condenser.  The  authors  found  that 
a  sample  showed  2.0  p.p.m.  of  acetylene  with  one  condenser,  and 
3.3  p.p.m.  with  two  condensers.  Another  sample  showed  2.1 
p.p.m.  of  acetylene  with  two  condensers  and  only  2.5  p.p.m.  with 
four  condensers.  The  authors  concluded  that  two  condensers 
would  be  sufficient  for  all  practical  purposes.  That  not  all  the 
acetylene  is  frozen  out  is  due  to  the  vapor  pressure  of  the  acetyl¬ 
ene  even  at  extremely  low  temperatures.  In  addition,  the  Oks 
condensers  require  stopcocks;  these  are  not  necessary  in  the  au¬ 
thors’  technique. 


Weaver  (8)  states  that  small  amounts  of  carbon  dioxide 
did  not  affect  the  colorimetric  determination  of  acetylene, 
but  larger  amounts  had  the  same  effect  as  the  introduc¬ 
tion  of  a  strong  electrolyte  into  the  solution.  The  color 
of  the  colloid  produced  by  acetylene  carried  over  in  a 
stream  of  pure  carbon  dioxide  was  too  brown  to  permit, 
any  accurate  comparison. 

A  brown  scum  frequently  appeared  on  the  top  of  the  j 
solution  in  the  absorber,  but  was  never  strong  enough  J 
to  ruin  the  test.  Apparently  this  was  due  to  carbon 
dioxide  which  would  freeze  out  with  the  acetylene. 

Riese  ( 5)  states  that  the  stability  of  Ilosvay’s 
solution  is  limited,  and  recommends  that  the  work 
always  be  done  with  freshly  prepared  solutions.  By 
making  up  the  three  components  of  the  Ilosvay  solution 
separately  and  mixing  only  when  ready  for  use,  as  the 
authors  have  done,  there  is  always  a  fresh  solution 
available. 

Riese  further  notes  that  addition  of  more  ammonia  is  not  to 
be  recommended,  since  excess  ammonia  causes  the  color  of  the 
colloid  to  become  more  orange  in  addition  to  increasing  the  sensi¬ 
tivity  of  the  solution  toward  oxygen. 

After  the  authors  had  used  the  above  method  in  their  labora¬ 
tory  for  some  time,  they  supplied  the  operators  in  various  plants 
with  the  equipment  shown  in  Figures  1  and  2,  as  well  as  suitable 
graduates,  beakers,  and  reagent  bottles.  Since  all  oxygen  plants 
do  not  have  suitable  balances  for  weighing  the  solid  chemicals, 
the  cuprous  chloride  was  weighed  out  in  12-gram  packages 
wrapped  in  paper,  and  kept  in  a  wide-mouthed  bottle.  The  hy¬ 
droxylamine  hydrochloride  was  also  repackaged  into  small  bot¬ 
tles,  so  that  each  bottle  was  just  sufficient  for  one  batch  of  solu¬ 
tion. 

A  set  of  instructions  for  using  the  equipment  and  making  the 
test  was  drawn  up  and  explained  to  the  operators  and  two  or 
three  tests  were  run  through  with  those  expected  to  continue  mak¬ 
ing  the  tests.  They  found  no  difficulty  in  running  the  tests  as 
efficiently  as  an  experienced  chemist  wrould  have  done.  During 
the  past  year,  the  authors  have  been  running  tests  on  seven  dif¬ 
ferent  columns  at  three  different  locations  and  have  studied  the 
effects  of  various  factors.  The  results  of  tests  are  summarized 
below. 

Effect  of  Different  Brands  of  Lubricating  Oils.  Com¬ 
parative  tests  were  run,  using  three  different  grades  of  lubricating 
oil  in  compressors;  a  noticeable  difference  was  found  in  the 
amount  of  acetylene  accumulated  in  the  column  with  the  different 
brands  of  oil. 

Effect  of  Carbide  Storage  in  Air  Plants.  At  the  time  that 
daily  tests  on  columns  were  being  run,  a  broken  drum  of  carbide 


Table  II.  Calibration  of  No.  348  Corning  Filter 


(250-cc.  sample  of  liquid  oxygen) 


Unknown 

C2H2 

Unknown 

C2H2 

Ml. 

P.p.m. 

Ml. 

P.p.m. 

100 

0.70 

50 

1.41 

90 

0.78 

40 

1.76 

80 

0.88 

30 

2.35 

70 

1.00 

20 

3.54 

60 

1.25 

10 

7.10 

Table  III.  Effect  of  Carbide  Spilled  near  Plant 

C2H2  by  Volume 


Date  (1944) 

Column  1 

Column  2 

P.p.m. 

P.p.m. 

1/24 

0.25 

0.35 

1/26 

0.75 

1.10 

1/27“ 

2.60 

2.00 

1/28 

1.50 

2.10 

1/31 

0.90 

1.30 

2/1 

0.60 

1.20 

0  Carbide  spilled  on  platform  previous  night. 


February,  1946 
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was  returned  by  a  customer  and  left  on  the  loading  platform  over¬ 
night.  Some  of  it  was  spilled  on  the  platform  and  during  the 
night  it  rained.  Tests  on  the  columns  the  following  day  showed 
its  presence,  as  evidenced  by  Table  III.  Column  1  showed  the 
largest  increase  in  these  tests,  as  its  air  intake  was  closest  to  the 
rising  acetylene  over  the  dome  of  the  roof. 

Effect  of  Draining  Liquid  Oxygen.  Strizhevskil  (7)  states 
j  that  no  method  for  the  safe  application  of  the  rectifying  apparatus 
has  been  found.  One  method  for  preventing  explosions  consists 
in  removal  of  the  liquid  from  the  condenser  in  which  considerable 
amounts  of  acetylene  accumulate.  For  this  purpose,  it  is  neces¬ 
sary  to  conduct  systematic  analyses  of  the  liquid  oxygen  in  the 
condenser  for  the  presence  of  acetylene. 

Previous  to  the  acetylene  testing  the  authors  had  been  draining 
and  discarding  1  quart  of  liquid  oxygen  every  2  hours  in  the  belief 
that  this  would  reduce  the  acetylene  accumulation  in  the  columns. 
As  daily  tests  on  two  100-meter  columns  at  the  same  plant  gave 
practically  the  same  results,  draining  column  2  was  discontinued 
while  draining  column  1  was  continued.  The  results  are  tabu- 
dated  in  Table  IV. 

It  was  concluded  that  draining  liquid  periodically  from  the 
main  kettle  had  no  effect  on  the  accumulation  of  acetylene  "in 
these  columns. 

Effect  of  Moving  Air  Intake.  One  column  ran  much 
higher  in  acetylene  content  than  the  other  columns.  Its  air  in¬ 
take  was  in  a  considerably  less  advantageous  position  than  the 
others,  in  that  it  was  lower  and  more  vulnerable  to  strange  ground 
currents.  Raising  the  intake  obviated  this  difficulty  to  a  great 
extent.  The  average  acetylene  concentration  for  the  6  days  prior 
to  raising  the  air  intake  was  0.8  p.p.m.,  and  for  the  9  days  after 
raising  the  air  intake  was  0.2  p.p.m. 

Effect  of  Acetylene  Plant  in  the  Neighborhood.  Tests 
were  made  on  an  oxygen  plant  located  near  an  acetylene  plant 
Iwhich  operates  intermittently.  On  days  when  the  acetylene 
plant  was  in  operation,  the  tests  were  noticeably  higher  than 


A-  Ground  gfess. 

B-Wood  b/ocM  mfh 
fho/e  in  center 
■fo  hold  tube  in 
piece. 


Figure  2.  Colorimeter  Design 


Table  IV.  Effect  of  Draining  Liquid 


Column  1  Column  2 


Days  run 
since  de¬ 

Test 

Days  run 
since  de¬ 

Test 

Date  (1944) 

frosting 

C2H2 

frosting 

C2H2 

2/10 

19 

P.p.m. 

1.8 

1 

P.p.m. 

2.5 

2/11 

20 

0.7 

2 

0.4 

2/12 

21 

0.2 

3 

0.0 

2/14 

1 

5 

0.4 

2/15 

2 

o'. ’5 

6 

0.  5 

2/16 

3 

1.0 

7 

1.0 

2/17 

4 

1.0 

8 

0.7 

2/18 

5 

0.5 

9 

0.5 

2/19 

6 

0.5 

’  10 

0.5 

2/21 

8 

0.5 

12 

0.5 

2/22 

9 

0.6 

13 

0.5 

2/23 

10 

0.3 

14 

0.3 

2/25 

12 

0.7 

16 

0.7 

2/26 

17 

0.6 

2/27 

ii 

0.2 

18 

0.7 

2/28 

15 

0.7 

19 

0.7 

2/29 

16 

0.7 

20 

0.0 

Table  V.  Effect  of  Acetylene  Plant  Operating  in  Neighborhood 


Days  Run  since 


Date  (1944) 

Time 

Defrosting 

C2H2,  P.P.M. 

3/8 

11:00  a.m. 

3 

2.65 

3/8 

2:00  p.m. 

3 

0.87“ 

3/8 

4:20  p.m. 

3 

0.70“ 

3/9 

6:00  a.m. 

4 

3.40 

3/9 

10:35  a.m. 

4 

1.30“ 

3/9 

12 : 15  p.m. 

4 

0.70“ 

3/9 

2:30  p.m. 

4 

0.70“ 

3/10 

8:00  a.m. 

5 

2.74 

3/10 

11 :00  a.m. 

5 

1.25 

3/10 

2:00  p.m. 

5 

0.98& 

3/11 

8:00  a.m. 

6 

5.85!> 

3/11 

11:00  a.m. 

6 

1.35 

3/11 

12:00  M. 

6 

1 . 05“ 

3/11 

2:00  p.m. 

6 

0.75“ 

3/11 

6:00  p.m. 

6 

0.70“ 

3/11 

8:00  p.m. 

6 

0.73“ 

3/11 

11:50  p.m. 

6 

0.95“ 

3/12 

8 : 00  a.m. 

7 

0.70“ 

3/12 

10:00  a.m. 

7 

0.70“ 

3/12 

2:00  p.m. 

7 

0.70“ 

3/12 

6:00  p.m. 

7 

0.70“ 

3/12 

8:30  p.m. 

7 

0.70“ 

3/12 

11 :40  p.m. 

7 

0.60“ 

3/13 

10:35  a.m. 

8 

1.12“ 

3/13 

12:45  p.m. 

8 

0.94 

3/13 

3:00  p.m. 

8 

0.90 

3/14 

2:00  a.m. 

9 

0.88“ 

3/14 

7 :00  a.m. 

9 

0.75“ 

3/14 

9 : 00  a.m. 

9 

0.70“ 

°  Acetylene  plant  not  operating. 

b  Liquid  drawn  every  2  hours  between  these  two  tests. 
c  Strong  wind  blowing  away  from  air  intake. 


when  it  was  shut  down.  The  prevailing  winds  blow  from  the  air 
plant  to  the  acetylene  plant  and  would  tend  to  blow  the  acetylene 
away  from  the  plant.  There  was  considerable  correlation  be¬ 
tween  wind  velocity  and  the  amount  of  acetylene  in  the  oxygen 
when  the  acetylene  plant  was  operating.  Extremely  high  con¬ 
centrations  of  acetylene  were  not  found  at  any  time  and,  although 
the  column  ran  continuously,  it  would  clean  itself  out  when  the 
acetylene  plant  was  idle. 

This  self-cleaning  of  columns  is  referred  to  by  Burbo  ( 1 )  and 
was  also  noted  in  the  case  of  the  carbide  being  spilled  on  the 
loading  platform. 

Table  V  gives  sample  date  from  this  location.  Even  when  the 
acetylene  plant  was  operating  all  day,  the  first  test  was  invari¬ 
ably  higher  than  the  following  ones.  To  check  whether  or  not 
this  was  due  to  the  drawing  off  of  liquid,  a  pint  of  liquid  was 
drawn  off  every  2  hours  between  the  last  test  of  March  10  and 
the  first  test  of  March  11.  This  test  was  the  highest  of  any  re¬ 
ported.  Therefore,  it  is  apparent  that  the  draining  of  liquid  does 
more  harm  than  good. 

One  explanation  for  gradual  decline  of  the  tests  during  the  day, 
while  the  acetylene  plant  is  operating,  is  that  the  prevailing  winds 
rise  during  the  day  and  may  blow  the  acetylene  away  from  the 
oxygen  intake. 

CONCLUSIONS 

This  method  involves  the  use  of  a  glass  filter  as  a  permanent 
color  standard.  It  has  been  simplified  to  a  point  where  analyses 
can  be  made  by  nontechnically  trained  operators.  This  method  is, 
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under  any  circumstances,  accurate  enough  to  give  good  compari¬ 
sons;  tests  run  on  seven  different  columns  at  three  different  loca¬ 
tions  have  indicated  changes  which  have  led  to  safer  operating 
conditions. 

For  more  exact  work  where  the  absolute  value  of  acetylene  is 
desired,  the  rubber  stoppers  and  tubing  may  be  replaced  with 
glass  and  cold  filters  as  described  by  Shepherd  ( 6 )  used. 
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Determination  of  Cuprous  Chloride 

LEWIS  F.  HATCH  and  REEDUS  RAY  ESTES1 
Department  of  Chemistry,  University  of  Texas,  Austin,  Texas 


DURING  recent  hydrolysis  studies  ( 5 )  it  became  necessary 
to  determine  accurately  the  purity  of  solid  cuprous  chloride 
and  the  cuprous  chloride  content  of  dilute  solutions.  As  direct 
titration  of  cuprous  chloride  did  not  give  satisfactory  results,  the 
indirect  method  of  the  American  Chemical  Society  Committee 
on  Analytical  Reagents  ( 1 )  was  tried.  This  method  lacked  both 
the  precision  and  accuracy  required  for  the  analysis  of  samples  of 
essentially  pure  solid  cuprous  chloride.  This  paper  calls  atten¬ 
tion  to  the  defects  of  the  A.C.S.  method  and  proposes  analytical 
procedures  which  are  more  satisfactory  for  both  solid  cuprous 
chloride  and  its  dilute  solutions. 

EXPERIMENTAL 

Reagents.  Merck  reagent  grade  cuprous  chloride  was 
carefully  purified  by  the  usual  methods  (6).  Determination  of 
chloride  ion  (by  the  Volhard  method)  and  of  total  copper  by 
electrodeposition  (after  conversion  to  cupric  sulfate)  indicated 
a  composition  of  99.8%  cuprous  chloride  and  0.2%  cupric 
chloride.  The  dry  cuprous  chloride  was  placed  in  small  glass- 
stoppered  vials  and  stored  in  a  desiccator  over  magnesium  per¬ 
chlorate.  Cuprous  chloride  thus  prepared  and  stored  showed 
no  change  in  composition  over  a  period  of  several  months. 

All  other  chemicals  used  were  of  reagent  grade. 

A.C.S.  Method.  Following  is  the  method  which  is  approved 
by  the  A.C.S.  Committee  on  Analytical  Reagents  ( 1 )  for  the 
determination  of  cuprous  chloride  in  a  solid  sample: 

Dissolve  0.5  gram  in  the  cold  in  25  ml.  of  ferric  ammonium 
Sulfate  solution,  made  by  dissolving  10  grams  of  ferric  am¬ 
monium  sulfate  in  100  ml.  of  dilute  hydrochloric  acid  (1  +  1), 
add  5  ml.  of  phosphoric  acid,  dilute  with  200  ml.  of  water,  and 
titrate  with  permanganate,  correcting  for  blank  on  reagents. 

Careful  application  of  this  method  consistently  gave  low 
values  and  poor  precision  when  the  sample  was  essentially  100% 
cuprous  chloride.  The  degree  of  error  is  related  to  the  sample 
size  (Table  I). 

On  the  basis  of  the  oxidation-reduction  potentials  involved,  it 
is  expected  that  complete  oxidation  of  cuprous  copper  will  occur, 
if  a  slight  excess  of  ferric  iron  is  present  (4).  Actually,  the  deter¬ 
mination  of  cuprous  chloride  by  this  method  is  the  same  as  a 
determination  of  the  equivalent  amount  of  ferrous  iron  in  the 
presence  of  the  excess  ferric  iron  added  and  an  amount  of  cupric 
chloride  equivalent  to  the  cuprous  chloride  of  the  sample.  Fac¬ 
tors  which  would  influence  the  titration  are  cupric  ion,  chloride 
ion,  and  ferric  ion  concentration  and  the  nature  of  the  acid  me¬ 
dium  and  of  the  oxidizing  agents. 


A  study  of  some  of  these  factors  was  made  by  the  titration 
with  0. 1  N  potassium  permanganate  of  25-ml.  samples  of  a 
standard  solution  of  ferrous  chloride  in  1  +  1  hydrochloric  acid, 
in  the  presence  of  added  cupric  chloride  and  ferric  ammonium 
sulfate  as  indicated  in  Table  II.  Two  hundred  milliliters  of 
water  and  5  ml.  of  phosphoric  acid  were  used  as  in  the  A.C.S. 
procedure.  The  added  amounts  of  cupric  chloride  are  the 
oxidation  equivalents  of  the  recorded  amounts  of  cuprous  chlo¬ 
ride.  The  indicated  amounts  of  cupric  chloride  and  of  ferric 
alum  were  added  by  measuring  appropriate  volumes  of  their 
standard  solutions.  The  amount  of  ferrous  chloride  found  by 
titration,  in  the  absence  of  added  cupric  chloride  or  ferric  alum, 
is  taken  as  100%  to  simplify  comparison. 

Use  of  Oxidizing  Agents  Other  than  Potassium  Per¬ 
manganate.  A  comparison  of  the  effect  of  the  presence  of 
cupric  chloride  on  the  titration  of  ferrous  chloride  using  oxidizing 
agents  other  than  potassium  permanganate  was  made.  The  data 
in  Table  III  were  obtained  by  the  titration  of  25-ml.  samples  of  a 
1%  sulfuric  acid  solution  of  ferrous  ammonium  sulfate  by  the 
•  indicated  oxidizing  agents,  using  standard  procedures. 

The  effect  of  the  acid  used  to  dissolve  the  ferric  ammonium 
sulfate  when  cuprous  chloride  is  analyzed  was  also  determined. 
A  comparison  of  the  different  acids  and  of  the  three  oxidizing 
agents  used  is  given  in  Table  IV  (analytical  methods  are  given 
below  under  Recommendations). 

To  determine  the  effect  of  dissolved  oxygen  on  the  determina¬ 
tion  of  cuprous  chloride  the  ferric  ammonium  sulfate  solution 
used  was  made  “oxygen-free”  as  follows: 

More  than  the  required  amount  of  distilled  water  was  boiled 
for  30  minutes  and  cooled  quickly  while  being  swept  by  carbon 
dioxide.  Part  of  this  water  was  poured  into  a  volumetric  flask 
which  had  been  swept  with  carbon  dioxide,  and  the  correct 
amounts  of  hydrochloric  acid  and  of  ferric  ammonium  sulfate 
were  added.  Carbon  dioxide  was  bubbled  through  until  solution 
was  complete  and  water  had  been  added  to  give  the  correct 
total  volume.  The  use  of  25  ml.  of  this  “oxygen-free”  N  hydro¬ 
chloric  acid  solution  of  ferric  ammonium  sulfate  followed  by 


Table  I.  Effect  of  Sample  Size  in  Analysis  of  Cuprous  Chloride 

(Actual  %  CuCl  =  99.8) 


Weight  of  Sample 

Cuprous  Chloride  Found 

Precision 

Gram 

% 

=*=  % 

0.50 

97.5 

1.0 

0.45 

98.6 

0.2 

0.40 

98.8 

0.2 

0.35 

98.9 

0.1 

0.30 

98.9 

0.1 

0.25 

98.9 

0.1 

0.20 

98.9 

0.1 

>  Present  address,  Armour  Laboratories,  Chicago,  III. 
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Table  II.  Effect  of  Cupric  Chloride  and  Ferric  Alum  on  Titration  of 
Ferrous  Chloride  by  Permanganate 


CuCl  Equivalent 

Ferric  Alum 

Ferrous  Chloride 

Run 

to  Added  CuCl2 

Added 

Found 

Gram 

Gram 

% 

A 

0.00 

0.0 

100.0 

B 

0.25 

0.0 

94.7 

C 

0.25 

1.0 

98.7 

D 

0.50 

0.0 

93.9 

E 

0.50 

1.0 

98.7 

F 

1.00 

0.0 

93.4 

G 

1.00 

1.0 

98.2 

Table  III.  Effect  of  Cupric  Chloride  upon  Titration  of  a  1  %  Sulfuric 
Acid  Solution  of  Ferrous  Ammonium  Sulfate 


CuCl  Equivalent 
to  Added  CuCl2 
Gram 


_ Ferrous  Chloride  Found _ 

KMnOi  K2Cr2C>7  -  Ce(SC>4)2 

%  %  % 


0.00 

0.25 

0.50 


100.0  100.0  100.0 

96.9  99.7  99.8 

95.3  99.5  99.8 


itration  with  potassium  dichromate  gave  99.5%  cuprous  chlo- 
ide  as  compared  with  99.2%  of  a  similar  solution,  made  in 
ontact  with  air  was  used. 


DISCUSSION 

• 

The  poor  results  obtained  in  the  analysis  of  0.5-gram  samples 
f  cuprous  chloride  by  the  A.C.S.  method  may  be  caused  by  an 
nsufficient  amount  of  ferric  ammonium  sulfate  solution  for  the 
xidation  of  the  cuprous  copper.  From  the  specification  “25 
il.  of  ferric  ammonium  sulfate  solution,  made  by  dissolving  10 
rams  of  ferric  ammonium  sulfate  in  100  ml.  of  dilute  hydro- 
hloric  acid”  it  is  assumed  that  the  intention  is  to  use  2.5  grams 
f  ferric  ammonium  sulfate.  This  would  allow  a  slight  excess  of 
xidizing  agent,  since  0.5  gram  of  cuprous  chloride  is  equivalent 
3  2.44  grams  of  ferric  alum.  However,  the  addition  of  100  grams 
f  ferric  ammonium  sulfate  to  1000  ml.  of  1  +  1  hydrochloric 
cid,  in  a  constant-temperature  bath  at  30°  resulted  in  1060  ml. 
f  solution,  containing  only  2.36  grams  of  ferric  ammonium  sul- 
ite  per  25  ml.  Thus,  part  of  the  cuprous  chloride  is  oxidized  by 
uric  iron,  part  by  permanganate,  and  an  indefinite  amount  by 
tmospheric  and  dissolved  oxygen  (3),  the  latter  amount  being 
roportional  to  time  and  to  the  amount  of  agitation  (2).  For 
.5-gram  samples  of  essentially  pure  cuprous  chloride,  the  per- 
langanate  concentration  should  be  slightly  more  than  0.1  N, 
nee  0.5  gram  of  cuprous  chloride  is  equivalent  to  more  than  50 
d.  of  0.1  N  solution.  Table  II  indicates  that  the  adverse  effects 
i  cupric  ion  are  partially,  but  not  entirely,  offset  by  the  presence 
i  the  ferric  alum. 

Comparison  of  runs  A,  B,  and  D  of  Table  II  with  the  data  in 
able  III  indicates  that  the  effect  of  cupric  chloride  upon  the 
ermanganate  titration  of  ferrous  iron  is  lessened  by  decreased 
floride  ion  concentration  and  that  the  effect  of  cupric  chloride  is 
ss  when  potassium  dichromate  or  ceric  ammonium  sulfate  is 
sed. 

RECOMMENDATIONS 

The  following  three  methods  for  the  determination  of  the 
iprous  chloride  content  of  solid  cuprous  chloride  have  all  proved 
iperior  to  that  recommended  by  the  A.C.S.  Committee  on 
nalytical  Reagents: 

Potassium  Permanganate.  Weigh  0.3  gram  of  cuprous 
iloride  into  a  dry  500-ml.  Erlenmeyer  flask,  add  25  ml.  of  ferric 
nmonium  sulfate  solution,  made  by  dissolving  10  grams  of 
rric  ammonium  sulfate  in  sufficient  3  M  sulfuric  acid  to  make 
10  ml.,  and  swirl  gently  until  dissolved.  Add  200  ml.  of  water 
id  5  ml.  of  phosphoric  acid,  and  titrate  with  0.1  N  perman- 
nate  to  the  first  pink  color  which  persists  for  15  seconds.  A 
ank  must  be  run  on  the  reagents. 

Potassium  Dichromate.  Weigh  0.3  gram  of  cuprous  chloride 
to  a  dry  500-ml.  Erlenmeyer  flask,  add  25  ml.  of  ferric  am- 
jonium  sulfate  solution,  made  by  dissolving  10  grams  of  ferric 
|  nmonium  sulfate  in  sufficient  N  hydrochloric  acid  to  make 


100  ml.,  and  swirl  gently  until  dissolved.  Add  300  ml.  of  a 
solution  containing  80  ml.  of  sulfuric  acid  and  25  ml.  of  phos¬ 
phoric  acid  per  liter,  add  5  drops  of  0.2%  barium  diphenyl- 
aminesulfonate  indicator  solution,  and  titrate  with  0.1  N  di¬ 
chromate  to  the  first  permanent  purplish  tinge.  A  blank  must 
be  run  on  the  reagents. 

Ceric  Ammonium  Sulfate.  Weigh  0.3  gram  of  cuprous 
chloride  into  a  dry  500-ml.  Erlenmeyer  flask,  add  25  ml.  of  ferric 
ammonium  sulfate  solution,  made  by  dissolving  10  grams  of 
ferric  ammonium  sulfate  in  sufficient  3  M  sulfuric  acid  to  make 
100  ml.,  and  swirl  gently  until  dissolved.  Add  one  drop  of  ferrous- 
phenanthroline  indicator  solution  and  titrate  with  0.1  iV  ceric 
ammonium  sulfate  solution  (made  up  in  0.5  M  sulfuric  acid 
solution).  A  blank  must  be  run  on  the  reagents. 

For  determination  of  the  cuprous  copper  content  of  dilute  solu¬ 
tions  the  following  procedure  is  recommended: 

Pipet  25  ml.  of  the  cuprous  copper  solution  into  25  ml.  of 
ferric  ammonium  sulfate  solution,  made  by  dissolving  33  grams 
of  ferric  ammonium  sulfate  in  sufficient  3  M  sulfuric  acid  to 
make  1000  ml.  Add  250  ml.  of  water  and  1  drop  of  ferrous- 
phenanthroline  complex  indicator  solution,  and  titrate  with 
0.1  N  ceric  ammonium  sulfate  solution  (made  up  in  0.5  M  sul¬ 
furic  acid) .  A  blank  must  be  run  on  the  reagents. 

This  quantity  of  ferric  iron  is  sufficient  for  solutions  containing 
up  to  0.6%  cuprous  chloride. 

For  applications  which  do  not  require  the  highest  accuracy, 
the  dichromate  procedure  for  solid  cuprous  chloride  is  suggested. 
(For  analysis  of  dilute  solutions,  a  modification  similar  to  that 
given  for  ceric  ammonium  sulfate  may  be  psed.)  The  N  hydro¬ 
chloric  acid  solution  of  ferric  alum  has  the  advantage  of  dissolv¬ 
ing  the  cuprous  chloride  in  only  a  few  seconds. 


Table  IV.  Effect  of  Acid 

Used  in  Ferric  Ammonium  Sulfate  Solutiqr 

Acid  Used  as 

Cpprous 

Chloride  Found 

Ferric  Alum  Solvent0 

KMnO( 

K2Cr207 

Ce(SC>4)2 

% 

% 

% 

N  HC1 

99.4 

99.2^ 

99.6 

6  N  HC1 

98.9 

98.7 

99.2 

0.5  M  H2S04 

99.3 

99.2 

99.6 

3  M  H2S04 

99.7 

99.4 

99.8° 

8  Solutions  prepared  in  contact  with  air. 

6  Oxygen-free  value  =  99.5. 
c  Purity  by  electrodeposition  =  99.8. 


The  stability  and  transparency  of  its  solutions,  its  ease  of 
standardization,  and  the  high  precision  resulting  from  its  use  with 
the  suggested  indicator  recommended  potassium  dichromate,  in¬ 
stead  of  potassium  permanganate,  for  general  use  as  an  oxidizing 
agent  in  cuprous  chloride  analysis.  For  the  highest  accuracy 
and  dependability,  the  procedures  using  ceric  ammonium  sulfate 
should  be  employed,  with  oxygen-free  solutions  of  ferric  am¬ 
monium  sulfate.  Whatever  the  procedure,  the  chloride  ion  con¬ 
centration  should  be  kept  low  and  an  excess  of  ferric  iron  must  be 
assured.  It  is  recommended  that  the  amount  of  ferric  iron  used 
be  at  least  1.5  times  the  theoretical.  The  precision  then  be¬ 
comes  that  which  is  attained  in  the  determination  of  ferrous  iron 
using  the  same  oxidizing  agent.  The  accuracy  to  be  expected  of 
a  particular  procedure  may  be  estimated  from  Table  IV. 
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Determination  of  Moisture  in  Sugar  Solutions  with  the 

Karl  Fischer  Reagent 

F.  W.  ZERBAN,  New  York  Susar  Trade  Laboratory,  New  York,  N.  Y.,  AND  LOUIS  SATTLER,  Brooklyn  College,  Brooklyn,  N.  Y. 


Apparatus  and  procedure  are  described  for  determining  moisture 
in  sugar  solutions  with  the  Karl  Fischer  reagent.  Data  on  repre¬ 
sentative  analyses  are  given,  with  comparisons  between  refractometric 
determinations  and  Karl  Fischer  titrations. 

THE  Karl  Fischer  reagent  has  come  into  wide  use  for  the 
quantitative  determination  of  water  in  a  variety  of  products. 
In  a  recent  article,  Johnson  (/)  gives  an  extensive  bibliographj . 

This  reagent,  wdiich  is  commercially  available  ( 2 ),  consists  of 
a  solution  of  iodine  and  sulfur  dioxide  in  a  mixture  of  anhydrous 
methanol  and  pyridine.  It  is  extremely  sensitive  to  atmospheric 
moisture,  and  consequently  titrations  with  it  must  be  carried  out 
in  a  completely  closed  system,  especially  where  minute  quantities 
of  water  are  being  determined.  Furthermore,  the  necessity  for 
stirring  the  reaction  mixture  during  the  titration  introduces  'an 
extra  difficulty  into  the  design  of  a  suitable  apparatus. 

The  equipment  described  below  is  rugged  and  overcomes  all 
the  manipulative  difficulties. 

APPARATUS 

Two  50-ml.  automatic  burets  (Scientific  Glass  Apparatus  Co. 
J-740)  are  so  modified  that  the  lower  ends  of  the  barrels  of  the 
Fresenius  stopcocks  are  enlarged  and  formed  into  the  outer  parts 
of  semiball  18/9  joints  (Figure  1).  The  titration  vessel  (Figure 
2).is  a  flat-bottomed  extraction  flask  of  250-ml.  capacity  provided 
with  a  mouth,  which  is  a  male  semiball  65/40  joint,  and  a  IT  14/35 
side  tube  through  which  go  tlie  mutually  insulated  platinum 
electrodes  sealed  into  a  tube  with  a  male  T 14/35  joint  and  con¬ 
nected  to  the  brush  posts  of  the  titrimeter.  The  flask  is  covered 
with  a  bell-shaped  dome,  the  lower  part  of  which  is  a  female  semi¬ 
ball  65/40  joint.  From  the  top  of  the  dome  project  two  male 
semiball  18/9  joints  set  at  sufficiently  differing  heights  to  permit 
free  rotation  of  the  buret  stopcocks.  In  addition,  the  dome  is 
provided  with  a  check  valve  (Scientific  Glass  Apparatus  Co.  J- 
4880  B)  to  permit  venting  of  the  apparatus  whenever  liquid  is 


Figure  1.  Glass  Assembly  of  Titration  Apparatus 


Table  I.  Standardizations  of  the  Solutions 

Standard  Methanol  vs.  Karl  Fisher  Reagent 


K.F.  Reagent  Standard  Methanol  1  Ml.  of  Alcohol  o  a  Ml.  of  K.F. 


Ml. 

Ml. 

13.45 

40.70 

0.3305 

13.90 

42.20 

0.3294 

13.60 

41.05 

0.3313 

Av.  0 . 3304 

Titration  of  Known  Weights 
Standard 

Methanol  Ml.  of  K.F.  o 

of  Water 

K.F. 

Back- 

to  Standard 

Net  1  Ml.  of  K.F.  o 

Water  Reagent 
Gram  Ml. 

Titration 

Methanol 

K.F.  Gram  of  Water 

Ml. 

0.1020  26.90 

3.50 

1.16 

25.74  0.003963 

0.1145  29.75 

2.50 

0.83 

28.92  0.003959 

0.1241  31.95 

2.30 

0.76 

31.19  0.003979 

Av.  0.003967 

Water  Equivalent  of  Standard  Methanol 
K.F. 

Gram,  water/ml. 

Ml.  Ml.  methanol 

40.70  o  13.45  X  0.003967  =  0.001311 
42.20  ~  13.90  X  0.003967  =  0.001307 
41.05  =>  13.60  X  0.003967  =  0.001314 
Av.  0.001311 


being  admitted  into  the  flask  from  the  burets.  The  male  18/9 
joints  fit  into  the  burets  which  are  provided  with  stopcock  plugs 
with  tips  16.5  cm.  long. 

Stirring  is  accomplished  by  means  of  a  piece  of  iron  bolt  2.81 
cm.  (1.125  inches)  long  and  0.47  cm.  (3/i6  inch)  in  diameter,  fitting 
snugly  and  sealed  into  a  piece  of  Pyrex  tubing,  the  center  of 
which  has  been  blown  out  into  a  small  bulb.  An  Alnico  horseshoe 
magnet  (Fisher  Scientific  Co.  12-012),  mounted  on  a  motor  pro¬ 
vided  with  a  rheostat,  is  placed  under  the  flask. 

PROCEDURE 

« 

In  operation,  the  apparatus  is  assembled,  and  a  measured 
amount  of  Karl  Fischer  reagent  is  run  into  the  flask.  The  stirrer 
is  started,  and  standard  methanol  is  rapidly  added  from  the 
other  buret  until  the  solution,  which  originally  had  the  appear¬ 
ance  of  tincture  of  iodine,  turns  to  a  light,  reddish  brown.  The 
methanol  is  then  added  slowly,  and  finally  dropwise  until  the 
end  point  is  reached.  With  the  Fisher  Scientific  Co.’s  titrimeter 
employing  a  polarized  platinum-platinum  electrode  pair,  this  is 
indicated  by  the  closing  of  the  “magic  eye”  (2).  Fresh  Karl 
Fischer  reagent  turns  to  a  chromate  yellow,  but  an  old  solution 
remains  brownish  at  the  end  point,  making  it  more  difficult  to 
gage  visually  the  final  stage  of  the  titration.  For  maximum 
sensitivity,  it  is  important  that  the  platinum  wires  be  perfectly 
clean,  and  it  is  advisable  to  bathe  them  for  an  hour  or  two  in 
strong,  hot  dichromate-sulfuric  acid  cleaning  solution. 

It  was  found  that  the  absolute  methanol  sold  by  the  Carbide 
and  Carbon  Chemicals  Corporation  contains  approximately 
0.0013  gram  of  water  per  milliliter,  which  makes  it  excellently 
suitable  to  use  for  back-titrations,  because  it  is  roughly  only  one 
fourth  as  strong  as  the  average  Karl  Fischer  reagent.  Three  or 
four  determinations  are  made  in  this  manner,  and  the  average 
value  is  expressed  as: 

1  ml.  of  standard  methanol  =c=  a  ml.  of  Karl  Fischer  reagent 

Next,  from  a  small  weight  pipet,  2  coarse  drops  of  water,  weigh¬ 
ing  about  0.1200  gram,  are  removed,  added  directly  to  25  ml.  of 
Karl  Fischer  reagent  in  the  flask,  and  immediately  back-titrated 
with  the  standard  methanol.  The  burets  are  read  to  the  nearest 
0.01  ml.  The  weight  of  the  water  is  noted  accurately  to  0.1  mg. 
A  15-mi.  Erlenmeyer  flask  with  f  19/10  outside  grind,  provided 
with  a  cover  through  which  is  sealed  a  medicine  dropper,  and 
fitted  with  a  small  rubber  bulb,  is  recommended  for  weighing 
out  the  water,  as  well  as  samples  of  sirup.  A  minimum  of  three 
such  samples  of  water  are  weighed  out,  and  back-titrated  with 
the  standard  methanol.  From  this  information,  coupled  with  the 
alcohol-Karl  Fischer  reagent  equivalence  previously  determined, 
it  is  possible  to  calculate:  (1)  the  number  of  milligrams  of  water 
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equal  to  1  ml.  of  Karl 
Fischer  reagent,  and  (2) 
the  number  of  milligrams 
of  water  in  each  milliliter 
of  alcohol  used  in  the 
back-titrations. 

The  sample  of  sirup  is 
treated  exactly  like  the 
water  used  in  the  stand¬ 
ardization  of  the  solu¬ 
tions.  Three  to  five 
coarse  drops,  depending 
on  the  water  content,  are 
carefully  weighed  out 
and  added  to  20  to  25  ml. 
of  the  Karl  Fischer  re¬ 
agent,  and  immediately 
back-titrated  with  the 
standard  methanol.  A 
sample  series  of  deter¬ 
minations  is  shown  in 
Tables  I  and  II. 

An  examination  of 
the  data  shows  that 
the  milligrams  of  water 
found  check  with 
the  calculated  values 
obtained  by  means  of  a 
Bausch  &  Lomb  preci¬ 
sion  sugar  refractometer 
and  tables  corresponding  to  each  particular  sugar,  within  the 
limits  found  by  other  workers.  Reporting  of  water  content 
in  terms  of  milligrams  found  and  calculated  introduces  a 
fallacious,  high  precision.  Differences  of  2  mg.  are  commonly 
reported  in  the  literature,  but,  expressed  in  per  cent,  agree¬ 
ment  between  known  and  found  amounts  of  water  is  not  ideal, 
as  is  revealed  by  comparing  the  per  cent  water  found,  column  7, 
with  the  observed  values,  column  8.  The  per  cent  discrep¬ 
ancy  is  obviously  correlated  with  the  total  amount  of  water 
that  is  present. 

While  close  agreement  between  refractometric  determinations 
and  Karl  Fischer  titrations  of  chemically  pure  sugar  solutions 
can  be  expected,  this  is  not  so  in  those  cases  where  soluble  im¬ 
purities  are  present,  or  the  material  is  a  mixture  of  sugars  of  un¬ 
known  proportions.  For  routine  work,  certainly,  the  Karl  Fischer 
titrations  give  satisfactory  results  under  those  conditions  where 
the  refractometer  is  not  applicable.  It,  however,  does  not  have 
the  precision  and  accuracy  of  an  acid-base  titration. 

The  recent  work  of  Aepli  and  McCarter  (I)  indicates  that  the 
change  in  the  water  equivalence  of  the  Karl  Fischer  reagent  with 
time  is  a  highly  important  matter.  A  fresh  solution  rapidly 
falls  off  in  strength,  and  these  authors  show  that  a  solution  22 
hours  after  preparation  had  a  value  of  1  ml.  o  5.3  mg.  of  water, 
whereas  18  hours  later  it  had  fallen  to  4.6.  This  represents  a 
I  14%  change,  so  that  even  during  a  working  day  there  is  a  likeli¬ 
hood  of  a  significant  change.  There  is  no  way  of  telling  just  how 
temperamental  a  given  solution  may  be,  and  hence  it  is  best  to 
!  make  a  determination  of  an  unknown  sample  shortly  before  or 
after  the  standardizations  of  the  solutions.  Frediani  ( 3 )  advises 
that  the  analyst  should  age  his  solution  for  a  week  before  using  it, 
at  which  time,  “if  the  solution  is  a  good  one,  a  relatively  stable 
reagent  will  be  available”. 

For  critical  work,  it  might  be  necessary  to  standardize  the  Karl 
Fischer  reagent  before  and  after  each  determination  of  a  given 
sample,  and  to  use  the  average,  values.  Fortunately,  the  stand¬ 
ard  methanol,  if  it  is  properly  protected,  does  not  change  appre¬ 
ciably  and  can  be  used  as  a  secondary  standard.  However,  its 
water  content  should  be  redetermined  every  day. 

The  Karl  Fischer  method,  when  used  with  sugar  solutions  con¬ 
taining  20  or  more  %  water,  has  certain  limitations  and  inherent 
sources  of  error  which  should  be  borne  in  mind.  The  solution  is 
expensive,  and  1  liter  of  it  is  used  up  by  approximately  5  ml.  of 


water.  The  reagent  has  a  rather  high  viscosity,  and  buret  drain¬ 
age  therefore  becomes  a  serious  factor.  To  overcome  these  diffi¬ 
culties,  the  reagent  might  better  be  diluted  with  a  mixture  of 
absolute  methanol-pyridine  (3  to  1),  so  that  its  water  equivalence 
is  between  2  and  3  mg.  per  ml.  High-grade  pyridine  must  be 
used  to  assure  stability.  It  is  obvious  that  a  buret  read¬ 
ing  must  be  at  least  15  to  20  ml.  before  calibration  errors  in  an 
uncalibrated  buret,  and  the  drainage  and  reading  errors  become 
sufficiently  small  relative  to  the  total  volume  used,  not  to  intro¬ 
duce  too  large  percentage  errors.  Furthermore,  the  reagent  de¬ 
composes  on  standing  and  produces  an  oily  film  in  the  buret. 
It  is  therefore  convenient  to  have  two  Karl  Fischer  reagent  burets 
available,  so  that  a  clean  and  dry  one  is  ready  at  the  beginning  of 
each  day. 

Samples  of  sugar  solutions  containing  large  amounts  of  water 
force  one  of  three  choices:  (1)  a  small  sample  weighing  60  to  70 
mg.,  for  the  sake  of  economy,  (2)  a  sample  two  or  three  times  that 
amount  in  order  to  enable  more  precise  weighings,  or  (3)  a  large 
sample,  diluting  with  absolutely  anhydrous  methanol  and  taking 
an  aliquot.  The  first  choice  is  not  desirable  in  ordinary  work  be¬ 
cause  it  would  require  calibrated  weights,  or  the  use  of  a  micro¬ 
balance.  Choice  3  introduces  the  problem  of  preparing,  storing, 
and  handling  an  anhydrous  hygroscopic  liquid. 

The  work  is  being  continued  with  commercial  sirups  and  mo¬ 
lasses  in  an  endeavor  to  determine  the  relationship  between 
vacuum  drying  of  samples  and  the  Karl  Fischer  titration. 


Table  II.  Analyses  of  Sugar  Solutions'2 

8 


3 

4 

5 

6 

H20, 

1 

2 

H20 

H20 

Differ¬ 

h2o 

7  Refractom- 

Sugar 

Weight 

Found 

Calcd. 

ence 

Found 

Av. 

eter 

Gram 

Mg. 

Mg. 

Mg. 

% 

% 

% 

Dextrose 

0.1152 

68.1 

69.2 

-1.1 

59.13 

0.1119 

65.9 

67.3 

-1.4 

58.92 

59.03 

60.11 

0.0901 

53.8 

53.7 

+  0.1 

59.72 

0.1441 

86.1 

85.8 

+  0.3 

59.74 

59.73 

59.57 

Sucrose 

0.1941 

67.0 

67.1 

-0.1 

34.53 

0.2036 

71.1 

70.4 

+  0.7 

34.92 

0.1845 

63.0 

63.8 

-0.8 

34.13 

34.73 

34.59 

0.2172 

74.9 

75.5 

-0.6 

34.48 

0.3020 

107.2 

105.0 

+  2.2 

35.50 

0.3546 

121.8 

123.3 

-1.5 

34.35 

34.78 

34.77 

0.4438 

109.0 

107.4 

+  1.6 

24.56 

0.3123 

77.0 

75.6 

+  1.4 

24.65 

0.3577 

88.4 

86.6 

+  1.8 

24.73 

24.65 

24.21 

Levulose 

0.3931 

76.5 

78.3 

-1.8 

19.44 

0.3715 

73.6 

74.0 

-0.4 

19.82 

0.3847 

75.0 

76.6 

-1.6 

19.51 

19.59 

19.92 

Commercial 

0.2678 

77.0 

76.1 

+  0.9 

29.03 

invert 

0.2419 

70.1 

68.2 

+  1.9 

28.99 

29.01 

28.42 

sirup 

a  Representative  determinations  made  on  five  different  days,  involving 
completely  new  standardizations  each  day.  Karl  Fischer  reagents  of  four¬ 
fold  variations  in  strength  are  included.  However,  there  is  no  apparent 
correlation  between  concentration  of  reagent  and  precision. 
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Figure  2.  Titration  Flask  and 
Dome,  Showing  Arrangement  of 
Ground-Glass  Joints 


Apparatus  for  Flash-Distillation  of  Butadiene 

A.  P.  HOBBS  AND  M.  R.  RECTOR,  The  Dow  Chemical  Company,  Midland,  Mich. 


An  apparatus  for  the  flash-distillation  of  butadiene  is  described  and 
a  diagram  shown.  Its  efficiency  has  been  determined  with  the  aid  of 
the  Dorell  weathering-test  apparatus.  Substantially  complete  re¬ 
moval  of  butadiene  dimer  is  accomplished  without  appreciable  loss 
of  C5  hydrocarbons. 

IN  THE  analysis  of  butadiene,  the  determination  of  C5  hy¬ 
drocarbons  by  a  Dorell  (Dow-Cottrell)  weathering  tester  [2) 
gives  high  percentages  if  butadiene  dimer  is  present.  Preliminary 
to  the  determination  it  is  usually  necessary  to  carry  out  a  flash- 
distillation  of  the  sample  to  remove  dimer  (vinyl  cyclohexene) 
and  high-boiling  material.  Previous  methods  of  doing  this  have 
been  defective  in  failing  to  give  a  complete  removal 
of  dimer  without  loss  of  the  C5’s  which  should 
remain  in  the  volatile  fractions.  To  remedy  this 
difficulty,  the  apparatus  described  below  has  been 
developed. 


sample  to  be  flash-distilled  is  introduced  into  the  cooled,  evacu¬ 
ated  ampoule.  A  trap  is  connected  to  C,  evacuated,  and  closed 
off  at  A.  Cup  H  is  filled  with  a  dry  ice  bath  and  an  excess  of 
dry  ice  is  maintained  in  the  cup  throughout  the  distillation.  The 
trap  is  opened  into  the  ampoule,  the  bath  is  removed  from  around 
it,  and  tfie  trap  is  placed  therein.  Caution  should  be  used  to  keep 
out  all  air  or  noncondensable  gases  at  dry  ice  bath  temperature. 
Material  that  does  not  condense  will  prevent  the  distillation  of 
the  butadiene,  since  the  distillation  is  carried  out  in  a  closed 
system.  The  dry  ice  bath  in  the  cup  maintains  a  reflux  of  buta¬ 
diene  separating  the  dimer  and  high-boiling  material  from  the  buta¬ 
diene  and  CVs.  If  the  cork  is  not  in  the  tube,  a  heavier  reflux  is 
caused,  requiring  a  longer  time  for  distillation;  with  the  cork  in 
place  about  an  hour  is  required.  When  the  ampoule  has  come  to 
room  temperature,  the  trap  is  closed  at  B  and  the  sample  is  ready 


APPARATUS 

The  apparatus  (Figure  1)  consists  of  the  follow¬ 
ing  parts:  F  is  an  ampoule  forming  the  kettle  of 
the  apparatus.  A  neck,  G  (15  cm.  long),  connects 
the  kettle  with  cup  D,  having  an  inner  cup,  H. 
From  H  a  closed  tube,  T,  extends  through  the 
neck  and  just  into  the  kettle.  A  cork,  E,  is 
inserted  in  the  closed  tube  to  keep  materials 
placed  in  the  cup  from  entering  the  tube.  C  is 
a  side  arm  through  which  the  apparatus  is  filled  and 
emptied.  The  apparatus  is  made  of  Pyrex  to  lessen 
the  danger  of  breakage  by  sudden  changes  of 
temperature. 

OPERATION 

The  ampoule  is  evacuated  through  C,  closed 
off,  and  the  apparatus  cooled  in  a  dry  ice  bath 
(dry  ice  in  a  mixture  of  chloroform  and  car¬ 
bon  tetrachloride,  50-50  by  weight,  1 ).  The 
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Table  I.  Temperature  Readies 


Residual  Volume 

Temperature 

Temperature 

Difference 

Ml. 

°  c. 

°  c. 

10.0 

-4.5 

9.0 

-4.7 

8.0 

-4.7 

6.6 

7.0 

-4.7 

0.0 

6.0 

-4.7 

0.0 

5.0 

-4.7 

0.0 

4.0 

-4.7 

0.0 

3.0 

-4.7 

0.0 

2.5 

-4.7 

0.0 

2.0 

-4.6 

0.1 

1.5 

-4.6 

0.1 

1.0 

-4.6 

0.1 

0.8 

-4.6 

0.1 

0.6 

-4.6 

0.1 

0.4 

-4.6 

0.1 

0.2 

-4.5 

0.2 

0.1 

-4.5 

0.2 

Pump  stops 

-4.4 

0.3 

Dry  point 

-4.3 

0.4 

for  C5  determination  or  any  other  determination  requiring  a 
flash-distilled  sample. 

DISCUSSION 

In  order  to  test  the  efficiency  of  the  apparatus,  butadiene 
samples  have  been  submitted  to  flash-distillation  and  then  ana¬ 
lyzed  in  the  Dorell  weathering-test  apparatus.  For  the  deter¬ 
mination  of  C6  hydrocarbons,  40  ml.  of  distilled  sample  are  placed 
in  the  boiler  of  the  Dorell  and  30  ml.  are  allowed  to  “weather 
away”  before  the  heat  is  turned  on  and  temperature  readings 
.are  taken.  These  readings  are  taken  at  10.0,  9.0,  8.0,  7.0,  6.0 
5.0,  4.0,  3.0,  2.5,  2.0,  1.5,  1.0,  0.8,  0.6,  0.4,  0.2,  and  0.1  ml.,  and 
when  the  pump  stops  and  the  boiler  becomes  dry.  A  typical 
record  is  given  in  Table  I. 

The  differences  starting  at  8.0  ml.  between  the  initial  and  suc¬ 
ceeding  temperatures  observed  are  plotted.  This  curve  is  com¬ 
pared  with  curves  obtained  by  plotting  the  temperature  differ¬ 
ences  of  butadiene  using  known  amounts  of  isopentane  run  in 
the  same  way.  Temperature  readings  at  10.0  and  9.0  ml.  are 
disregarded  because  the  thermometer  is  still  in  the  liquid  phase 
only  and  will  not  give  a  true  boiling  point. 


Figure  2  (upper)  shows  the  curves  produced  by  center-cut 
butadiene  with  varying  amounts  of  butadiene  dimer  added. 
Curve  F  is  made  by  plotting  temperature  differences  of  center- 
cut  butadiene.  It  gives  almost  a  straight  line,  as  would  be  ex¬ 
pected.  There  are  significant  differences  between  the  curves 
obtained  with  varying  amounts  of  dimer. 

Figure  2  (center)  shows  butadiene  with  different  amounts  of 
isopentane.  In  Figure  2  (lower)  are  plotted  curves  obtained  with 
the  following  mixtures: 

A.  Butadiene  with  0.25%  dimer  and  0.25 %  isopentane,  not 

flash-distilled. 

B.  Butadiene  with  0.25%  dimer,  not  flash-distilled. 

C.  Butadiene  with  0.25%  isopentane,  not  flash-distilled. 

D .  Curve  after  flash-distillation  of  A . 

E.  Curve  after  flash-distillation  of  B. 

F.  Curve  after  flash-distillation  of  C. 

G.  Curve  of  center-cut  butadiene. 

Curve  D  shows  the  almost  complete  removal  of  dimer  and  the 
retention  of  Cs’s  with  the  butadiene.  Curve  E  is  representative 
of  the  removal  of  dimer  with  no  C5’s  present.  The  amount  of 
dimer  left  after  flash-distillation  with  this  apparatus  expressed 
as  C'o’s  would  be  approximately  0.05%  which  is  very  small. 
Curve  F  shows  the  effect  of  the  flash-distillation  on  C=’s. 

Although  the  flash-distillation  apparatus  described  was  de¬ 
signed  specifically  for  removing  dimer  and  other  high-boiling 
materials  from  butadiene  containing  C5’s,  it  is  believed  to  offer 
possibilities  for  other  separations.  Reflux  ratios  might  be 
changed  by  the  use  of  different  cooling  media  or  by  allowing  tube 
T  to  be  filled  with  coolant. 
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Simple  Hydrostatic  Gravitometer 

For  Rapid  Determination  of  the  Specific  Gravity  of  Liquids 

WILLIAM  SEAMAN  AND  J.  J.  HUGONET 
-*  Calco  Chemical  Division,  American  Cyanamid  Company,  Bound  Brook,  N.  J. 


iAn  apparatus  is  described  for  the  rapid,  precise  determination  of 
the  specific  gravity  of  selected  liquids.  Its  use  is  based  upon  the 
principle  that  the  change  in  height  of  two  columns  of  liquids  exposed 
to  the  same  change  in  vacuum  (or  pressure)  is  inversely  proportional 
to  the  specific  gravity.  When  one  liquid  is  of  known  specific 
gravity,  the  specific  gravity  of  the  other  may  be  calculated.  The 
apparatus  is  simple,  easily  constructed,  and  inexpensive,  and  is 
oarticularly  suitable  for  determining  the  specific  gravity  of  a  large 
number  of  similar  samples  in  control  testing.  The  standard  deviation 
of  a  single  value  from  the  value  obtained  by  pycnometer  is  =*=1,4  X 
10~4  specific  gravity  unit.  The  speed  with  which  the  determination 
may  be  made  makes  it  practical  to  improve  this  agreement  by  cal- 
•  :ulating  the  average  of  a  number  of  determinations  on  a  single  sample. 

IT  IS  a  well-known  principle  of  hydrostatics  that  the  heights  to 
which  two  columns  of  liquids  of  different  specific  gravities  will 
•ise  when  exposed  to  the  same  vacuum  are  inversely  proportional 
:o  their  specific  gravities.  This  principle  has  been  applied  to  the 
neasurement  of  specific  gravities. 

Ciochina  ( 1 )  described  an  apparatus  for  this  purpose  which 
consisted  of  two  U-tubes  placed  side  by  side,  with  a  millimeter 
scale  between  two  of  the  arms — one  from  each  U-tube — and  with 


those  arms  joined.  By  means  of  a  system  of  stopcocks  water  is 
placed  in  one  U-tube  and  the  sample  in  the  other.  The  levels  are 
read  on  the  millimeter  scale,  pressure  or  vacuum  is  applied 
through  the  joined  arms,  and  the  levels  are  read  again.  From  the 
change  in  levels  and  the  known  specific  gravity  of  the  standard 
liquid  (water),  the  specific  gravity  of  the  liquid  to  be  measured 
may  be  calculated  by  a  simple  inverse  proportion.  Accuracy  to 
within  a  few  units  in  the  fourth  decimal  place  was  reported,  but 
the  authors  were  not  able  to  confirm  this.  Some  of  the  difficulty 
may  have  been  caused  by  the  stopcocks  which  are  part  of  this 
apparatus.  Another  disadvantage  of  this  apparatus  is  that  it  is 
necessary  (according  to  Ciochina)  to  use  a  vernier  in  order  to  get 
the  precision  reported. 

Another  apparatus  based  on  the  same  hydrostatic  principle  has 
been  proposed  by  Davidson  and  co-workers  (2,  8).  The  liquid 
under  examination  is  placed  in  a  Z-tube,  so  that  its  height  is 
fixed,  and  the  standard  liquid  is  placed  in  an  L-tube  manometer. 
By  proper  graduation  of  a  scale  fixed  to  the  L-tube,  the  specific 
gravity  of  the  liquid  in  the  Z-tube  may  be  read.  A  precision  of 
from  0.1  to  0.2%  is  claimed  (in  other  words  the  specific  gravities 
are  readable  only  to  the  third  decimal  place).  This  apparatus  is 
constructed  for  use  with  small  volumes  of  liquid. 

Frivold  (5)  described  an  apparatus,  which  was  claimed  to  be 
precise  to  =*=  10“7,  but  it  is  too  complicated  for  rapid  routine  use. 

This  paper  describes  an  apparatus  which  is  based  on  the  same 
hydrostatic  principle  as  those  just  mentioned,  but  has  certain  ad- 
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vantages  over  them.  The  apparatus  may  be 
constructed  in  a  short  time  from  simple 
equipment  found  in  most  laboratories. 

There  are  no  essential  stopcocks  which  can 
get  out  of  order,  and  it  gives  specific  gravi¬ 
ties  which  are  comparable  in  accuracy  to 
those  obtained  by  a  pycnometer  under 
ordinary  conditions  of  control  work.  The 
apparatus  is  most  suitable  for  rapid  con¬ 
trol  work  where  specific  gravities  must  be 
determined  for  a  large  number  of  samples 
of  selected  liquids  of  similar  composition. 

Accurate  values  should  be  obtainable  by 
workers  of  insufficient  skill  to  be  trusted 
with  pycnometers,  Westphal  balances,  or  JK 

high  precision  hydrometers.  Although  no 
work  was  done  with  samples  of  limited 
volume,  an  extension  of  the  method  to  such 
samples  is  conceivable. 

APPARATUS 

The  apparatus  (Figure  1)  consists  of 
two  150-cm.  (5-foot)  lengths  of  glass  tub¬ 
ing  of  as  nearly  equal  inside  diameter  as 
can  be  found  (both  3-  and  6-mm.  inside 
diameter  tubings  have  been  used),  fixed  on 
either  side  of  a  meter  rule,  joined  at  the  top 
to  a  Y-tube  by  tightly  fitting  rubber  con¬ 
nections,  and  bent,  as  shown,  at  the  bottom. 

The  Y-tube  is  attached  to  a  source  of  vacuum 
which  can  be  regulated  or  released  by  means 
of  a  screw  clamp  and  a  stopcock  attached 
to  a  rubber  tube.  Both  the  upper  and  the  Figure  1 

lower  10  cm.  of  the  glass  tubing  and  the 
meter  rule  must  be  left  unobstructed  in 
order  to  enable  readings  to  be  made.  The  lower  ends  of  the  ap¬ 
paratus  dip  into  50-  or  100-ml.  beakers  chosen  to  be  as 'nearly 
alike  as  possible  in  diameter.  One  beaker  is  for  the  sample,  the 
other  for  the  standard  liquid.  The  apparatus  must  be  kept 
scrupulously  clean  and  must  be  placed  where  there  are  no  drafts 
or  sudden  changes  in  temperature. 


"Si 


PROCEDURE 

One  side  of  the  apparatus  is  rinsed  with  the  liquid  to  be  ex¬ 
amined  and  the  other  side  with  the  standard  liquid.  The  stand¬ 
ard  liquid  is  preferably  of  similar  composition  to  the  sample; 
in  fact,  it  may  under  some  circumstances  very  well  be  part  of  an 
actual  batch  of  the  type  of  liquid  to  be  controlled  whose  specific 
gravity  has  been  carefully  determined  by  pycnometer  or  West¬ 
phal  balance.  The  beakers  are  filled  to  about  two  thirds  of  their 
capacity  with  their  respective  liquids,  keeping  the  final  level  well 
below  the  flare  of  the  beaker.  The  tubes  are  immersed  to  within 
about  1  cm.  of  the  bottoms  of  the  beakers.  By  a  gradual  applica¬ 
tion  of  vacuum  the  liquid  columns  are  raised  nearly  to  the  top  of 
the  scale,  the  stopcock  is  closed,  and  readings  are  made  of  the  po¬ 
sitions  of  the  two  menisci  (estimating  to  the  smallest  possible 
fraction  of  a  millimeter).  The  two  readings  should  be  made  as 
dose  together  in  time  as  possible,  so  that  there  will  be  no  changes 
in  the  positions  of  the  menisci  while  the  readings  are  being  made. 
Subsequent  changes  are  of  no  effect.  The  vacuum  is  then  re¬ 
leased  slowly,  to  allow  for  drainage  as  the  columns  drop,  and  when 
the  menisci  are  at  about  5  cm.,  the  stopcock  is  again  closed  and 
readings  are  repeated. 

For  extremely  volatile  liquids  with  which  a  vacuum  might  be 
undesirable,  pressure  could  be  used,  by  having  the  sample  and 
standard  in  closed  flasks  attached  to  a  common  source  of  pressure. 
The  changes  in  technique  that  might  be  required  should  be  ob¬ 
vious.  This  modification  might  also  be  desirable  for  very  hygro¬ 
scopic  liquids,  in  which  case  it  would  be  possible  to  protect  the 
liquids  against  access  of  atmospheric  moisture  by  drying  tubes. 


CALCULATIONS 

General  Method.  Let  hsa  and  hst  equal  the  readings  for 
sample  liquid  and  standard  liquid,  respectively,  at  the  top  of  the 
columns,  in  cm. 

h'sa  and  h'st  =  the  corresponding  readings  at  the  bottom  of  the 
columns,  in  cm. 

Sst  =  the  specific  gravity  of  the  standard  at  t/t' 
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Ssa  uncorrected  =  the  specific  gravity  of  the  sample  at  t/t' 

hst  —  h'st  =  A  and  hsa  —  h'sa  =  B 
Then  Ssa  uncorrected  =  Sst  A/B  (1) 

To  Ssa  uncorrected  there  must  be  added  or  subtracted  a  small 
“asymmetry  correction”  for  the  apparatus,  which  is  discussed  be¬ 
low. 

Approximate  Method.  For  many  purposes  a  less  exact  but 
more  rapid  method  of  calculation  may  be  used.  By  this  method 

Ssa  uncorrected  =  Sst  +0.01  (A  —B)  (2) 

This  method  of  calculation,  although  merely  an  approximation, 
will  give  values  which  are  fairly  close  to  the  true  value,  provided 
the  term  (A  —  B)  is  small  and  provided  100  Sst  is  not  much  dif¬ 
ferent  from  B. 

The  correct  increment  to  be  added  to  Sst  to  obtain  Ssa  may  be 
calculated  from  Equation  1  in  terms  of  A  —  B  and  B  (rather  than 
by  calculating  Ssa  from  the  ratio  A/B)  by  substituting  for  A/B 
the  equivalent  term  1  +  (A  —  B/B).  (The  latter  is  obtained 
from  A/B  by  adding  B  —  B  to  the  numerator.)  Equation  1  then 
becomes 

Ssa  uncorrected  =  Sst  [1  +  A  —  B/B)  J  =  Sst  +  Sst  (A  —  B/B) 
or 

Ssa  uncorrected  —  Sst  —  Sst  (A  —  B/B)  (3) 

Table  I  gives  a  comparison  of  the  values  of  the  increments  cal¬ 
culated  for  benzene  ( Sst  =  0.88)  by  means  of  both  Equations  3 
and  2.  From  this  it  may  be  seen  that  under  appropriate  condi¬ 
tions  even  the  approximate  method  of  calculation  leads  to  only 
small  errors. 

Nomographs.  Nomographs  may  be  constructed  to  avoid  most 
of  the  calculations,  but  in  order  to  get  readings  to  the  fourth  deci¬ 
mal  place,  the  nomographs  would  have  to  be  restricted  to  narrow 
specific  gravity  .ranges. 


Table  I.  Comparison  of  Increments  Calculated  by  Exact  and 
Approximate  Methods 


Assumed  Value 
A-B  B 


Increment  to  Be  Added  to  Ssta 


Exact  calculation 
by  Equation  3 


Approximate  calcu¬ 
lation  by  Equation  2 


Cm.  Cm. 


0.50 

88 

0.0050 

0.0050 

0.50 

92 

0.0048 

0.0050 

0.50 

84 

0.0052 

0.0050 

0.30 

88 

0 . 0030 

0.0030 

0.30 

92 

0 . 0029 

0 . 0030 

0.30 

84 

0.0031 

0.0030 

0.10 

88 

0.0010 

0.0010 

0.10 

92 

0.0010 

0.0010 

0.10 

84 

0.0010 

0.0010 

a  When  A  —  B  is  positive,  the  exact  or  the  approximate  increment  will 
be  positive;  when  A—  B  is  negative,  they  will  be  negative. 


Table  II.  Specific  Gravity  Determinations 


Sample 

By 

pyc- 

nom- 

No. 

eter 

Benzene 

1 

0. 

2 

0. 

$ 

0. 

4 

0. 

5 

0. 

6 

0. 

Toluene 

1 

0.8707 

0. 

2 

0.8707 

0. 

3 

0.8705 

0. 

4 

0.8708 

0. 

5 

0.8706 

0. 

6 

0.8708 

0. 

Xylene 

1 

0.8678 

0. 

2 

0.8677 

0. 

3 

0.8687 

0. 

4 

0.8686 

0. 

Specific  Gravity,  15.5°  C./15.50  C. 


By  hydrostatic  method 


8835,  0 . 8835,  0 . 8835,  0 . 8834,  At.  0 . 8835 
8822,  0.8823,  0.8823,  0.8822,  Av.  0.8823 
.  8823,  0 . 8822,  0 . 8823,  0 . 8824,  Av.  0 . 8823 
.  8837,  0 . 8835,  0 . 8836,  0 . 8836,  Av.  0 . 8836 


.8825,0.8824,0.8825, 


8824,  Av.  0.8825 
8823,  Av.  0.8823 


8708,  0 . 8709,  0 . 8708,  0 . 87 10,  Av.  0 . 8709 


,0.8708,  Av.  0.8708 


0 . 8677,  0 . 8678,  0 . 8677,  0 . 8676,  Av.  0 . 8677 
8675,  0 . 8676,  0 . 8673,  0 . 8674,  Av.  0 . 8675 
8687,  0 . 8688,  0 . 8688,  0 . 8686,  Av.  0 . 8687 
8683,  0 . 8684,  0 . 8686,  0 . 8685,  Av.  0 . 8685 


Hydro¬ 
static 
Average 
Minus 
Pycnom¬ 
eter  Value 


- 1 

-2 

0 

-1 


February,  1946 


ANALYTICAL  EDITION 


143 


Table  III.  Specific  Gravity  Determinations 

Specific  Gravity  25°/25°  C. 

Hydrostatic 

Average 

Minus 

Pycnometer 

Average 

Sample 

By  pycnometer 

By  hydrostatic  method 

X  10* 

1.  m-  and  p-cresols 

1.0325, 1.0324 
Av.  1.0325 

1.0324, 1.0326, 1.0326 

1 . 0325 

0 

2.  m-  and  p-cresola  and 
xylenol  intermediate 

1.0285, 1.0285 
Av.  1.0285 

1.0285,  1.0285, 1.0286 

1.0285 

0 

3.  0-,  m- ,  and  p-cresols 
intermediate 

1.0355, 1.0355 
Av.  1.0355 

1.0354, 1.0354, 1.0356 

1.0355 

0 

4.  Phenol,  o-cresol  inter¬ 
mediate 

1.0626, 1.0625 
Av.  1.0626 

1 . 0627,  1 . 0627,  1 . 0627,  1 . 0626 

1 . 0627 

+1 

5.  o-Cresol 

1.0431, 1.0430 
Av.  1.0431 

1.0431, 1.0431, 1.0431,  1.0430 
1.0431 

0 

6.  0-,  m-,  and  p-cresols 
intermediate 

1.0358, 1.0357 
Av.  1.0358 

1 . 0356,  1 . 0358, 1 . 0360, 1 . 0360 
1.0359 

+1 

7.  m-  and  p-cresols 

1.0326, 1.0325 

Av.  1.0326 

1 . 0323,  1 . 0325, .1 . 0325,  1 . 0325 
1.0326 
1.0325 

-1 

8.  Phenol,  o-cresol  inter¬ 
mediate 

1.0605, 1.0605 
Av.  1.0605 

1.0603,1.0603,1.0603,  1.0603 

1 . 0603 

-2 

CALIBRATION  OF  APPARATUS  AND  ASYMMETRY  CORRECTION 

Differences  that  may  exist  in  the  bores  of  the  tubes  and  beak- 
;rs  for  the  sample  and  the  standard  will  introduce  a  systematic  er- 
■or  which  should  be  determined  for  the  apparatus  under  the  same 
:onditions  as  will  actually  apply  in  use,  and  with  the  same  type  of 
lample.  The  apparatus  is  calibrated  by  placing  the  same  liquid 
>n  both  sides  and  determining  the  value  A/B,  considering  the 
iquid  on  that  side  of  the  apparatus  corresponding  to  A  as  the 
itandard  and  that  on  the  other  side  as  the  sample.  The  “asym- 
netry”  correction  to  be  applied  to  Ssa  uncorrected  is  then  Ssa  un- 
orrected  (1.0000  —  A/B).  If,  in  actual  determinations,  the 
ample  and  the  standard  are  measured  on  the  same  side  of  the  ap¬ 
paratus  as  corresponds  to  the  side  for  B  and  A,  respectively,  then 
he  sign  of  the  correction  as  calculated  will  be  valid.  The  cor- 
ection  should  be  reproducible  and  should  affect  only  the  fourth 
'ecimal  place. 

RESULTS 


liquids  in  general;  each  liquid  under  consideration 
should  be  tested  separately  to  see  if  its  specific 
gravity  can  be  determined  with  the  requisite 
accuracy. 

In  a  series  of  distillation  cuts  such  as  might  be 
obtained,  for  example,  in  fractionating  a  mixture  of 
methanol,  ethanol,  and  considerable  water,  no  one 
of  these  substances  will  serve  satisfactorily  as  a 
standard  for  all  the  cuts.  However,  a  single  stand¬ 
ard  may  be  used — for  example,  methanol — in  testing 
all  the  cuts,  if  a  correction  curve  is  constructed  relat¬ 
ing  the  correction  to  the  specific  gravity  found. 

ACCURACY  AND  PRECISION 

The  standard  deviation  from  the  pycnometer  value 
of  a  single  value  obtained  by  the  gravitometer  is 
±1.4  X  10-4  specific  gravity  unit.  This  figure  rep¬ 
resents  the  range  about  the  pycnometer  value 
within  which  about  68%  of  the  determined  gravitom¬ 
eter  values  will  lie,  and,  of  course,  by  taking  the 
average  of  several  determinations,  which  can  be  done  rapidly, 
an  even  better  value  may  be  obtained.  The  deviation  ±1.4  X 
10~4  was  calculated  as  described  in  the  following  paragraph. 

Figure  2  is  a  frequency  distribution  diagram  for  the  magnitude 
of  the  deviation  between  a  single  value  by  the  gravitometer  and 
the  best  available  value  by  the  pycnometer.  By  fitting  a  normal 
distribution  to  the  variates  as  given  in  Figure  2  (4)  a  standard 
deviation  of  ±1.46  X  10-4  was  calculated.  It  was  shown  by  the 
X2  test  that  the  data  of  Figure  2  fit  satisfactorily  a  normal  dis¬ 
tribution  with  a  standard  deviation  of  ±1.46  X  lCH4.  Since  the 
standard  deviation  includes  the  errors  of  both  the  pycnometer 
and  the  gravitometer,  and  since  a  standard  deviation  for  a  single 
value  by  the  pycnometer  could  be  calculated  as  ±0.44  X  10~4 
(from  the  data  of  Table  III),  a  standard  deviation  of  ±1.4  X 
10“ 4  was  calculated  from  these  data  (by  the  square  root  of  the  dif¬ 
ferences  of  their  squares)  as  the  standard  deviation  from  the 
pycnometer  value  of  a  single  gravitometer  value.  By  applying 
Student’s  t  test  it  was  found  that  there  was  no  reason  to  suspect  a 
bias  or  constant  error  between  the  pycnometer  values  and  the 
gravitometer  values. 


Table  II  gives  the  results  of  specific  gravity  determinations  of 
■enzene,  toluene,  and  xylene  by  pycnometer  and  by  the  hydro- 
tatic  method.  In  each  case  a  sample  of  the  same  substance  was 
ised  as  a  standard — i.e.,  benzene,  toluene,  and  xylene  were  used 
s  standards  for  benzene,  toluene,  and  xylene,  respectively.  If 
ny  one  of  these  was  used  as  a  standard  for  the  other,  errors  in  the 
hird  decimal  place  were  produced. 

Table  III  gives  the  results  of  specific  gravity  determinations  of 
number  of  cuts  obtained  in  the  distillation  of  tar  acids,  using 
Jo.  5  as  a  standard  for  Nos.  1  to  4  and  No.  2  as  a  standard  for 
los.  5  to  8.  These  results  show  that  it  is  possible  under  appropri- 
te  conditions  to  use  a  standard  liquid  which  is  not  necessarily 
re  same  as  the  sample,  as  contrasted  with  the  measurements  on 
ienzene,  toluene,  and  xylene.  Attempts  to  use  liquids  and  mix- 
Ures  of  somewhat  similar  specific  gravity  to  the  samples  but 
therwise  dissimilar,  such  as  mineral  oil  and  water,  led  to  errors 
p  to  2  or  more  units  in  the  third  decimal  place.  Nitrobenzene 
fielded  better  values.  Similar  discrepancies  wrere  noted  when 
enzene  was  used  as  a  standard  for  toluene  and  xylene.  Such 
roperties  as  the  temperature  coefficient  of  expansion,  the  vis- 
>sity,  and  the  surface  tension  might  be  important.  The  last 
vo  might  affect  drainage.  If  the  first  were  different  in  the  sample 
ad  in  the  standard,  the  assumption  would  not  be  justified  that 
le  specific  gravity  of  the  sample  could  be  determined  at  any  tem- 
aratures  and  the  answer  expressed  at  any  other  temperatures 
ierely  by  using  the  proper  value  of  the  specific  gravity  of  the 
andard  at  the  desired  temperatures. 

It  was  found  possible  to  use  the  gravitometer  with  a  viscous 
quid  such  as  glycerol  with  apparently  similar  precision  to  that 
ptainable  with,  for  example,  water.  However,  no  statement  can 
3  made  regarding  the  applicability  of  the  apparatus  to  viscous 


As  a  measure  of  precision,  a  standard  deviation  of  a  single  value 
by  the  gravitometer  from  the  average  value  was  calculated  (from 


DEVIATION  (GRAVITOMETER  VALUE 
MINUS  PYCNOMETER  VALUE) X  I04 


Figure  2.  Frequency  Distribution  Diagram  of  Deviations  of 
Pycnometer  Values  from  Gravitometer  Values 
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the  data  of  Tables  II  and  III)  as  =<=0.9  X  10-1.  The  fact  that 
this  deviation  is  smaller  than  the  above-mentioned  deviation  of 
±1.4  X  10“4  from  the  pycnometer  value,  indicates  that  succes¬ 
sive  replicates  agree  better  than  replicates  carried  out  over  a 
longer  period.  Errors  may  be  caused  if  both  sides  of  the  appara¬ 
tus  are  exposed  to  different  temperatures  as  by  the  action  of 
drafts  of  air,  and  the  poorer  precision  may  perhaps  be  explained 
by  the  introduction  of  such  variables  over  a  period  of  time. 
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Microdetermination  of  the  Saponification  Number  of 

Fats  and  Oils 


Decigram,  Centigram, 


an  d  Mill  igram  Procedures 
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THE  literature  contains  no  satisfactory 
method  for  the  microdetermination 
of  the  saponification  number  of  fats  and 
oils.  A  semimicromethod  was  devised 
by  Chargaff  (S)  but  was  applied  to  only 
three  oils.  It  has  been  pointed  out 
that  the  double-indicator  method  (3)  is 
more  easily  adaptable  to  microprocedures 
than  the  standard  method  ( 1 ). 

APPARATUS 

For  the  decigram  procedure,  a  10-ml.  calibrated  buret  with 
0.05-ml.  graduations  was  used.  The  tip  was  constricted  so  that 
drops  of  about  0.01  ml.  were  delivered. 

The  buret  for  the  centigram  procedure  is  illustrated  in  Figure  1. 
A  ground-glass  rod,  A,  5.2  mm.  in  diameter,  fits  snugly  inside  a 
ground-glass  tube,  B.  The  upper  end  of  B  is  sealed  to  capillary, 
C,  which  is  bent  twice  at  right  angles  and  constricted  at  the  tip 
as  indicated.  A  25-mm.  micrometer,  D,  the  head  of  which  has 
been  removed,  serves  to  measure  accurately  the  position  of  the 
piston  A.  Above  the  piston  is  a  layer  of  mercury,  E,  which 
makes  a  leakproof  seal.  Above  the  mercury  is  the  0.5  N  hydro¬ 
chloric  acid.  Castalloy  clamps  F  hold  the  micrometer  and  glass 
tube  rigidly  in  fixed  positions.  The  titration  vessel,  G,  is  simply 
a  13  X  100  mm.  Pyrex  test  tube.  A  movable  arm,  H,  taken  from 
a  Rehberg  buret  made  by  Microchemical  Service  supports  the 
titration  vessel.  A  finely  drawn  capillary,  I,  admits  a  stream  of 
air,  free  from  carbon  dioxide,  into  the  titration  vessel. 

The  assembly  for  the  titration  in  the  milligram  procedure  was 
essentially  the  same  except  that  a  smaller  test  tube  (10  X  75  mm.) 
and  ground-glass  rod  and  tube  (3.1  mm.)  were  used. 

In  order  to  refill  these  micrometer  burets,  the  tip  is  wiped  with 
Kleenex  tissue  and  immersed  in  the  0.5  N  hydrochloric  acid. 
The  micrometer  spindle  is  turned  down,  and  the  piston  is  slowly 
pushed  down  with  the  fingers  till  it  makes  contact  with  the  spindle. 

A  4  X  3  X  2  mm.'  platinum  boat  was  made  from  foil  0.06  mm. 
thick. 

A  fluorescent  titration  illuminator  was  used  for  all  titrations. 

REAGENTS 

The  alcoholic  potassium  hydroxide  was  prepared  as  previously 
described  (S). 

Alcoholic  0.001  M  bromophenol  blue  was  prepared  by  dissolv¬ 
ing  65  mg.  of  the  indicator  in  1.0  ml.  of  0.10  N  sodium  hydroxide 
and  adding  a  mixture  of  60  ml.  of  purified  95%  alcohol  and  40  ml. 
of  benzene. 

The  alcohol-benzene  mixture  consisted  of  60  ml.  of  reagent- 
grade  benzene  and  40  ml.  of  purified  95%  alcohol. 


Hydrochloric  acid,  approximately 
0.5  N,  was  standardized  with  pure 
sodium  tetraborate  decahydrate  and  used 
in  all  titrations.  The  acid  used  for  the 
centigram  procedure  was  standardized 
by  weighing  accurately  400  to  600  mg. 
of  a  carefully  prepared,  approximately 
0.5  weight-normal  solution  of  borax  into 
a  13  X  100  mm.  Pyrex  test  tube,  adding 
one  drop  of  0.001  M  methyl  red,  and 
titrating  to  the  first  pink  color.  The 
results  were  expressed  as  milliequiva- 
lents  of  acid  per  millimeter. 

The  acid  used  for  the  milligram  procedure  was  standardized 
analogously.  About  10  mg.  of  pure  borax  were  weighed  on  a 
microchemical  balance  and  transferred  to  a  10  X  75  mm.  Pyrex 
test  tube.  Four  drops  of  water  and  one  drop  of  0.00008  M  methyl 
red  were  added  before  the  titration. 

PROCEDURES 

Decigram  Procedure.  Weigh  accurately  about  500  mg.  of 
sample  into  a  50-ml.  Pyrex  Erlenmeyer  flask.  Add  about  5  ml. 
of  the  alcoholic  potassium  hydroxide,  and  immediately  connect 
a  reflux  condenser,  the  upper  end  of  which  is  protected  by  an 
Ascarite  tube.  Boil  gently  for  30  minutes.  Add  2  drops  of  1% 
alcoholic  phenolphthalein,  and  titrate  with  0.5  N  hydrochloric 
acid  to  the  disappearance  of  the  pink  color.  Add  3  drops  (0.18 
ml.)  of  aqueous  0.001  M  bromophenol  blue  and  1  ml.  of  benzene. 
Continue  the  titration  to  a  green  color  that  does  not  turn  blue  on 
further  agitation. 

Centigram  Procedure.  Weigh  with  an  accuracy  of  0.02  mg. 
about  50  mg.  of  sample  into  a  tared  Pyrex  test  tube,  add  about  21 
drops  (0.5  ml.)  of  alcoholic  potassium  hydroxide,  and  immediately 
attach  an  Ascarite  tube.  Support  the  tube  vertically,  so  that  the 
bottom  rests  on  the  flat  surface  of  a  micro  drying  block  which  is 
kept  at  145°  ±5°.  The  test  tube  serves  as  both  reaction  vessel 
and  reflux  condenser.  The  saponification  is  complete  in  30  min¬ 
utes.  Add  1  drop  (0.03  ml.)  of  0.2%  alcoholic  phenolphthalein. 
Insert  the  tip  of  the  micrometer  buret  (previously  wiped  with 
Kleenex  tissue)  and  the  tip  of  the  air-delivery  tube,  and  support 
the  tube  in  the  titration  apparatus  (Figure  1).  Adjust  the  air 
stream  to  a  rate  of  about  80  bubbles  per  minute.  Add  the  0.5  N 
hydrochloric  acid  by  carefully  turning  the  micrometer  spindle 
until  the  color  just  disappears.  Read  the  micrometer  at  this  point. 

Without  removing  either  capillary  from  the  test  tube,  add  1 
drop  (0.06  ml.)  of  aqueous  0.001  M  bromophenol  blue  and  7  drops 
(0.12  ml.)  of  benzene.  Decrease  the  air  stream  to  about  50 
bubbles  per  minute,  and  continue  the  titration  till  the  solution 
has  a  milky  appearance;  then  add  7  more  drops  of  benzene,  and 
increase  the  air  stream  to  about  100  bubbles  per  minute.  Con¬ 
tinue  the  titration  to  a  green  end  point.  The  hydrochloric  acid 


Methods  are  described  for  deter¬ 
mination  of  the  saponification 
number  of  fats  and  oils  with  sam¬ 
ples  of  about  500,  50,  and  5  mg. 
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used  between  the  two  end  points  is  equivalent  to  the  potassium 
hydroxide  that  was  required  for  the  saponification. 

'  Milligram  Procedure.  Weigh  the  platinum  boat  (4  X  3  X 
|  2  mm.)  on  a  microchemical  balance,  then  place  it  on  a  clean  sur- 
|  face.  Dip  the  tip  of  a  finely  drawn  glass  rod  into  the  sample, 
let  most  of  the  oil  drain  off  the  rod,  and  touch  the  center  of  the 
{  boat  with  the  tip  of  the  rod.  Transfer  the  boat  to  the  balance 
pan,  and  weigh  it  again.  The  sample  should  be  between  3  and  8 
mg.  With  platinum-tipped  forceps,  place  the  boat  just  inside  the 
open  end  of  a  horizontally  held  10  X  75  mm.  Pyrex  test  tube. 
Then  tilt  the  test  tube  so  that  the  boat  slides  to  the  bottom  of  the 
tube.  If  any  oil  sticks  to  the  side  of  the  tube,  the  determination 
must  be  started  anew. 

Let  2  drops  of  the  alcoholic  potassium  hydroxide  fall  directly 
from  the  siphon  of  the  storage  bottle  into  the  bottom  of  this  test 
i  tube.  Immediately  connect  an  Ascarite  tube  to  the  test  tube. 
Then  support  it  with  a  clamp  and  ring  stand  so  that  the  bottom  of 
the  tube  rests  on  the  flat  surface  of  a  micro  drying  block  heated  to 
130°  ±5°. 


C3 


Figure  1.  Micrometer  Buret 


After  30  minutes,  remove  the  Ascarite  tube  and  add  2  drops 
0.06  ml.)  of  0.02%  alcoholic  phenolphthalein.  Immediately  in¬ 
sert  the  tip  (previously  wiped  with  Kleenex  tissue)  of  the  microm¬ 
eter  buret  and  the  tip  of  the  air-delivery  tube,  and  support  the 
ube  in  the  titration  apparatus  (Figure  1).  Take  care  that  the 
>oat  does  not  interfere  with  the  delivery  of  acid  from  the  buret. 
Adjust  the  air  stream  to  about  60  bubbles  per  minute.  Note  the 
'eading,  a,  of  the  micrometer  before  any  hydrochloric  acid  is 
idded  to  the  titration  vessel.  Now  titrate  to  the  disappearance 
>f  the  pink  color  of  the  phenolphthalein.  Rinse  the  inside  of  the 
est  tube  with  0.10  to  0.20  ml.  of  the  alcohol-benzene  mixture  by 
neans  of  a  measuring  pipet.  If  the  pink  color  reappears,  add 
nore  hydrochloric  acid  till  it  disappears  again.  Note  this  read- 
ng,  of  the  micrometer.  Add  2  drops  (0.06  ml.)  of  the  alcoholic 
iromophenol  blue.  Continue  the  titration.  Just  before  the  end 
>oint  is  reached,  rinse  the  inside  of  the  test  tube  again  with  0.10 
o  0.20  ml.  of  the  alcohol-benzene  mixture.  Note  the  micrometer 
'eading,  c,  when  the  green  end  point  is  reached. 

Contamination  of  the  alcoholic  potassium  hydroxide  by  carbon 
lioxide  of  the  air  could  not  be  avoided  in  the  milligram  procedure, 

J.lthough  no  difficulty  was  encountered  in  this  respect  in  the  other 
irocedures.  Therefore  a  blank  correction  must  be  applied  in  the 
nilligram  procedure.  To  run  the  blank,  put  2  drops  of  the  alco¬ 


holic  potassium  hydroxide  into  the  Pyrex  test  tube  and  titrate  it 
as  described  above,  noting  the  initial  micrometer  reading,  x,  the 
reading  at  the  phenolphthalein  end  point,  y,  and  the  reading  at 
the  end  point  of  bromophenol  blue,  z.  Then  calculate  the  saponi¬ 
fication  number  with  the  equation 

„  [(6  -  c)  -  B(a  -  c)  ]56.11  F 

S  W 

where  S  =  saponification  number 

B  =  2L^* 
x  -  y 

F  =  concentration  of  hydrochloric  acid,  miUiequivalents 
per  mm. 

W  =  weight  of  sample,  grams 

RESULTS 

The  saponification  numbers  of  eleven  oils  were  determined  by 
the  standard  method  ( 1 )  and  by  each  of  the  methods  described  in 
this  paper.  Each  entry  in  Table  I  denotes  a  single  determination 
except  as  indicated  in  the  footnotes.  No  values  were  omitted 
except  those  obtained  before  the  methods  had  been  perfected. 

DISCUSSION 

Excellent  results  are  obtained  by  the  decigram  and  centigram 
methods,  while  the  milligram  method  yields  very  satisfactory  re¬ 
sults.  In  order  to  study  the  precision  of  the  methods,  one  oil  was 
run  several  times  by  the  same  method.  The  mean  deviations 
were  0.3,  0.1,  and  0.5  unit  by  the  decigram,  centigram,  and  milli¬ 
gram  methods,  respectively. 


Table  I.  Comparison  of  Results  by  Various  Methods 


Saponification 

Saponi 

fication 

Saponification 

No. 

No. 

No. 

Stand¬ 

Deci¬ 

Centi¬ 

Milli¬ 

ard 

gram 

Differ¬ 

gram 

Differ¬ 

gram 

Differ¬ 

Oil 

method 

method 

ence 

method 

ence 

method 

ence 

Castor  oil 

181.5 

181.5 

0.0 

182.0 

+  0.5 

182.4 

+0.9 

Cocoa  butter 

194.6 

194.5 

-0.1 

195.0 

+  0.4 

195.4 

+  0  8 

Coconut  oil 

258.6 

258.9 

+  0,3 

258.5 

-0.1 

259.2 

+  0.6 

Cod  liver  oil 

188.0 

188.6 

+  0.6 

187.9 

-0.1 

188.2“ 

+  0.2 

Corn  oil 

191  6 

191  6*> 

0.0 

191.6“ 

0.0 

192.1 

+  0.5 

Lard  oil 

195.5 

195.6 

+  0.1 

195.7 

+  0.2 

196.2 

+  0.7 

Linseed  oil 

187.0 

187.1 

+  0.1 

187.4 

+  0.4 

187.4 

+  0.4 

Neat’s-foot  oil 

186.7 

186.7 

0.0 

186.4 

-0.3 

187.4 

+  0.7 

Olive  oil 

191.5 

191.8 

+  0.3 

192.0 

+  0.5 

190.7 

-0.8 

Rapeseed  oil 

174.3 

174.0 

-0.3 

174.6 

+  0.3 

175.2 

+  0.9 

Tung  oil 

194.7 

194.5 

-0.2 

194.4 

-0.3 

195.0 

+  0.3 

Mean  (signs  disregarded) 

±0.2 

±0.3 

±0.6 

a  Mean  of  4  determinations. 
b  Mean  of  10  determinations. 


The  decigram  method  is  more  convenient  than  the  gram 
method  chiefly  because  the  smaller  solution  cools  almost  instan¬ 
taneously  after  saponification  and  reduces  the  waiting  period. 
The  centigram  procedure  is  probably  a  little  more  troublesome 
because  of  the  special  buret.  The  milligram  procedure  is  still 
more  troublesome  and  is  to  be  chosen  only  when  the  quantity  of 
sample  is  very  limited. 

None  of  these  methods  is  applicable  to  acetylated  oils  (3). 
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Colorimetric  Micromethod  for  Determination  of  Antimony 

in  Biological  Materials 

With  Concomitant  Determination  of  Bismuth 

EVAN  W.  McCHESNEY,  Research  Laboratories,  Winthrop  Chemical  Co.,  Inc.,  Rensselaer,  N.  Y. 


A  colorimetric  method  for  the  determination  of  antimony  in  biologi- 
cal  materials  is  presented.  The  material  is  digested  in  sulfuric  acid 
with  the  addition  of  nitric  acid  or  of  a  mixture  of  nitric  and  perchloric 
acids.  The  diluted  digest  is  treated  with  a  solution  containing  potas¬ 
sium  iodide  and  ascorbic  acid,-  the  color  of  the  potassium  iodo- 
antimonite  complex  is  determined  in  a  photoelectric  colorimeter. 
The  standard  error  is  about  2%,  and  the  recoveries  of  added  anti¬ 
mony  are  usually  within  ±2%.  Quantities  as  small  as  10  micro¬ 
grams  may  be  estimated,  but  the  error  here  is  somewhat  larger.  Bis¬ 
muth  gives  the  same  color  reaction  as  antimony.  However,  if  it  is 
present,  it  may  be  quantitatively  determined  on  the  same  digest, 
and  by  subtraction  the  amount  of  antimony  may  be  estimated. 

PROGRESS  in  the  experimental  study  of  the  organic  com¬ 
pounds  of  antimony  has  thus  far  been  limited  by  the  lack 
of  a  simple  and  accurate  method  for  the  determination  of  the 
amounts  of  that  element  likely  to  be  found  in  the  body  tissues, 
fluids,  and  excreta,  particularly  the  urine  (3).  The  method  of 
Christiansen  ( 1 )  is  applicable  to  all  types  of  biological  material 
but  requires  the  presence  of  rather  large  amounts  of  antimony. 
Hassan  ( 6 )  has  published  a  technically  involved  method  which  he 
applied  to  urine  only.  The  rhodamine  B  method  of  Fredrick  (4) 
is  very  specific,  and  accurate,  but  is  also  technically  complicated; 
while  it  could  undoubtedly  be  adapted  to  biological  material, 
the  author  did  not  so  apply  it.  Very  recently  Webster  and  Fair- 
hall  (5)  have  employed  the  same  reagent  for  the  determination  of 
microquantities  of  stibine. 

An  excellent  lead  for  a  method  has  been  provided  by  the  work 
of  Fauchon  (2).  He  has  shown  that  the  addition  to  solutions  of 
Sbm  of  a  reagent  consisting  of  a  solution  10%  in  both  sulfuric  acid 
and  potassium  iodide  yields  the  yellow  complex,  KSbI4,  which 
can  be  determined  colorimetrically.  From  these  observations 
the  present  method  has  been  developed. 

In  this  work  it  has  been  deemed  more  practicable  to  add  the 
sulfuric  acid  and  the  potassium  iodide  separately  rather  than  as  a 
single  reagent,  for  two  reasons:  (1)  the  reagent  described  by 
Fauchon  is  very  unstable,  and  (2)  in  the  acid  digests  of  biological 
material  which  it  was  proposed  to  use  in  this  work,  sulfuric  acid 
would  already  be  present.  Its  concentration  in  these  digests 
could  readily  be  adjusted  to  the  proper  point  as  determined  ex¬ 
perimentally,  and  it  could  therefore  be  omitted  from  the  colot  re¬ 
agent. 

REAGENTS 

Sulfuric  acid,  specific  gravity  1.17,  fJr  C.,  160  ml.  of  concen¬ 
trated  acid  diluted  to  1  liter  with  distilled  water  (referred  to  be¬ 
low  as  16  volumes  %  sulfuric  acid). 

Potassium  iodide  reagent  A,  112  grams  of  c.p.  potassium  io¬ 
dide  and  20  grams  of  crystalline  ascorbic  acid  dissolved  in  dis¬ 
tilled  water  to  make  1  liter.  This  reagent  is  made  up  only  as 
needed  and  is  kept  in  a  brown  bottle,  but  is  stable  for  about  one 
month.  It  must  be  discarded  when  molds  develop. 

Potassium  iodide  reagent  B  (for  bismuth  determination),  16 
grams  of  c.p.  potassium  iodide  and  20  grams  of  ascorbic  acid  dis¬ 
solved  in  distilled  water  to  make  1  liter.  This  reagent  must  be 
prepared  freshly  about  once  each  week. 

Perchloric  acid-nitric  acid  mixture,  3  volumes  of  70%  per¬ 
chloric  acid  mixed  with  1  volume  of  concentrated  nitric  acid. 
Hydrogen  peroxide,  30%  solution. 


STANDARD  SOLUTION 

Dissolve  110  mg.  of  c.p.  potassium  antimony  tartrate  in  500 
ml.  of  distilled  water,  add  160  ml.  of  concentrated  sulfuric  acid, 
cool,  and  dilute  to  1  liter  with  distilled  water.  One  milliliter  of 
this  solution  contains  40  micrograms  of  antimony.  Fredrick 
has  shown  that  the  c.p.  tartar  emetics  supplied  by  Mallinckrodt, 
Merck,  and  J.  T.  Baker  are  of  the  theoretical  antimony  content. 

PROCEDURE  FOR  COLORIMETER 

Measure  into  test  tubes  (preferably  graduated  at  10  ml.) 
quantities  of  standard  solution  ranging  from  0.5  to  5  ml.  Add 
sufficient  16  volumes  %  sulfuric  acid  to  bring  the  volume  of  each 
solution  to  5  ml.  Then  add  5  ml.  of  the  potassium  iodide  re¬ 
agent  A,  mix,  and  read  in  the  colorimeter  after  5  minutes  (the 
readings  remain  constant  for  as  much  as  48  hours) ,  using  a  filter 
having  maximum  transmission  at  420  ma  wave  length.  To  make 
the  zero  adjustment  a  solution  consisting  of  a  mixture  of  equal 
parts  of  16  volumes  %  sulfuric  acid  and  of  potassium  iodide  re¬ 
agent  A  is  used.  The  readings  which  are  obtained  in  this  way 
constitute  a  calibration  curve  covering  the  range  of  0  to  200 
micrograms  of  antimony.  However,  readings  up  to  500  micro- 
grams  may  be  made. 

The  calibration  curve  is  a  straight  line  when  the  amount  of 
antimony  taken  is  between  50  and  500  micrograms.  For  amounts 
less  than  50  micrograms  there  is  a  positive  deviation — that  is, 
the  color  obtained  exceeds  in  intensity  that  which  would  be  ex¬ 
pected  if  Beer’s  law  apphed  exactly — but  the  deviation  does  not 
exceed  5%.  The  region  from  0  to  50  micrograms  must  therefore 
be  calibrated  specially  if  needed.  A  spectral-absorption  curve 


Figure  1.  Partial  Spectral-Absorption  Curve  of  Potassium 
lodoantimonite 


Concentration  expressed  in  terms  o(  antimony 
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Figure  2.  Effect  of  Final  Concentration  of  Sulfuric  Acid  on  In¬ 
tensity  of  Color  of  Potassium  lodoant(monite  Complex  at  Three 
Different  Antimony  Levels 

for  the  colored  complex  is  given  in  Figure  1.  The  maximum  ab¬ 
sorption  is  at  425  mji;  therefore  the  usual  42  filter  may  be  used. 

Sensitivity.  The  per  cent  transmission  at  420  m^  of  a  solu¬ 
tion  containing  10  micrograms  of  antimony  (in  5  ml.  of  16  vol¬ 
umes  %  sulfuric  acid,  with  5  ml.  of  potassium  iodide  reagent  A 
added)  was  90.4  at  a  band  width  of  0.6  to  0.7  m^.  Thus  10 
micrograms  is  about  the  smallest  amount  which  one  could  hope 
to  determine  with  any  degree  of  accuracy;  the  observed  standard 
error  of  a  series  of  6  estimations  of  10  micrograms  was  0.44  micro¬ 
gram,  or  4.4%.  When  a  Klett-Summerson  instrument  is  avail¬ 
able,  the  sensitivity  may  be  approximately  doubled  by  using  the 
special  absorption  cell  described  by  Giacomino  (5).  This  would 
require,  however,  the  establishment  of  another  calibration  curve 
for  quantities  of  0  to  50  micrograms. 

EFFECT  OF  ACID  CONCENTRATION 

The  color  of  the  potassium  iodoantimonite  complex  is  materi¬ 
ally  influenced  by  the  concentration  of  sulfuric  acid,  as  is  shown 
in  Figure  2.  The  optimal  concentration  for  quantitative  work 
would  appear  to  be  8  volumes  % — that  is,  16  volumes  %  in  the 
acid  digest  of  biological  material — since  over  the  range  6.3  to  9.7 
volumes  %  there  is  no  change  in  the  intensity  of  color  of  the  an¬ 
timony  complex.  In  fact,  such  extreme  concentrations  as  5  and 
13  volumes  %  alter  the  color  only  to  95  and  105%,  respectively, 
of  that  obtained  at  8  volumes  %  concentration.  A  similar  situa¬ 
tion  in  the  case  of  potassium  iodobismuthite  has  been  noted  by 
Sproull  and  Gettler  (7). 

The  acid  concentration  is  kept  within  the  desired  range  by  the 
simple  expedient  of  starting  the  digestion  process  within  an 
amount  of  sulfuric  acid  which  exceeds  slightly  that  required  to 
give  16  volumes  %  solution  when  finally  diluted — for  example, 
4.2  ml.  of  concentrated  sulfuric  acid  when  diluted  to  25  ml.  gives 
a  16.7  volumes  %  solution.  This  amount  of  acid  is  therefore 
taken  where  a  final  dilution  to  25  ml.  is  planned,  and  makes 
allowance  for  a  loss  of  0.2  ml.  of  acid  during  the  digestion  proc¬ 
ess.  If  a  dilution  to  10  ml.  is  planned,  only  1.8  ml.  of  sulfuric 
acid  are  used  for  the  digestion.  This,  again,  makes  allowance 
for  a  loss  of  0.2  ml.  Actual  titrations  of  a  number  of  digests 


have  shown  them  to  fall  within  the  range  14.8  to  16.7  volumes  %. 
It  is  obvious  that  excessive  boiling  of  the  digest,  after  the  water 
has  been  driven  off,  must  be  avoided.  For  very  accurate  work  the 
digests  should  be  checked  for  sulfuric  acid  concentration  unless 
the  antimony  concentration  permits  their  dilution  with  known  16 
volumes  %  acid. 

EFFECT  OF  IODIDE  CONCENTRATION 

To  achieve  a  concentration  of  potassium  iodide  equivalent  to 
that  used  by  Fauchon  would  require  a  reagent  containing  16% 
of  the  salt — that  is,  8%  in  the  solution  .used  for  colorimetry. 
This  concentration  does,  in  fact,  appear  to  give  the  maximum 
sensitivity  (Figure  3,  A).  However,  when  the  concentration  is 
reduced  stepwise  the  interesting  fact  is  revealed  that  the  anti¬ 
mony  color  begins  to  diminish  rapidly,  and  at  low  concentrations 
disappears  entirely.  At  the  same  time  the  bismuth  color,  which 
is  also  maximal  when  the  reagent  contains  16%  of  potassium 
iodide,  loses  only  about  10%  of  its  intensity  (Figure  3,  B ).  When 
the  reagent  contains  1.6%  of  potassium  iodide,  antimony  gives 
no  color  whatsoever,  and  bismuth  may  be  determined  by  what  is 
essentially  the  Sproull  and  Gettler  method.  At  11.2%  of  potas¬ 
sium  iodide  the  bismuth  and  antimony  colors  are  exactly  additive 
(Figure  3,  C)  and  this  has  furnished  a  basis  for  the  determination 
of  both  elements  on  the  same  digest. 

METHODS  OF  ANALYSIS  FOR  ANTIMONY 

Blood  Plasma.  Ten  milliliters  or  less  are  measured  accurately 
into  a  100-ml.  Kjeldahl  flask,  followed  by  1.8  ml.  of  concen¬ 
trated  sulfuric  acid  and  5  ml.  of  a  3  to  1  perchloric-nitric  acid  mix¬ 
ture.  Digestion  is  now  carried  out  over  a  low  flame,  with  addi¬ 
tion  of  more  of  the  oxidizing  solution  from  time  to  time  in  order 
to  prevent  carbonization.  When  the  oxidation  is  complete  the 
digest  is  cooled,  and  30  ml.  of  water  are  added  and  boiled  off  (to 
the  appearance  of  fumes  of  sulfur  trioxide).  The  digest  is  now 
accurately  diluted  to  10  ml.  (For  this  operation,  add  3  ml.  of 
water  to  the  digest  and  cool  under  the  tap.  Transfer  quantita¬ 
tively  to  a  test  tube  graduated  at  10  ml.,  using  a  3-ml.  pipet  for 
the  transfer.  Rinse  the  sides  of  the  flask  with  2  ml.  of  water  and 
transfer  to  the  test  tube.  Repeat,  then  dilute  with  water  to  the 
mark.)  To  an  aliquot  an  equal  volume  of  potassium  iodide 
reagent  A  is  added.  (A  precipitate  of  potassium  perchlorate  may 
appear  at  this  point.  If  so,  it  is  centrifuged  out.) 

If  the  color  obtained  is  beyond  the  readable  range,  the  digest 
is  diluted  accurately  with  16  volumes  %  sulfuric  acid  until  a 
readable  value  is  obtained.  For  a  blank,  the  mixture  of  equal 
volumes  of  16  volumes  %  sulfuric  acid  and  potassium  iodide  re¬ 
agent  A  is  used.  However,  the  digestion  of  a  similar  amount  of 
antimony-free  serum  will  give  a  small  reading,  which  must  be 
subtracted  if  accurate  results  are  to  be  obtained  on  very  low  anti¬ 
mony  concentrations. 

Urine.  Measure  accurately  into  a  100-ml.  Kjeldahl  flask  25 
ml.  of  urine  and  4.2  ml.  of  concentrated  sulfuric  acid.  Add  ap¬ 
proximately  10  cc.  of  concentrated  nitric  acid  and  boil  gently  over 
a  small  flame.  Add  more  nitric  acid  from  time  to  time  to  avoid 
carbonization.  (The  purpose  of  this  is  to  avoid  reduction  of  Sbv 
to  Sbm  in  the  presence  of  chloride,  since  antimony  trichloride  is 
slightly  volatile.)  When  the  oxidation  is  complete  the  digest  is 
cooled  and  about  50  ml.  of  water  are  added  and  boiled  off.  At 
this  stage  the  digest  should  not  have  any  yellow  color;  if  it  does, 


Table  I.  Interference  of  Some  Metallic  Elements  with  Determina¬ 
tion  of  Antimony'1  as  KSbh 


Element 

Amount 

Antimony 

Added 

Added 

Found 

Micrograms 

Micrograms 

Asm 

100 

100 

Hgu 

100 

100 

Bim 

100 

242 

Fen 

200 

101 

Cun 

100 

100 

Pbiu 

200 

102 

Wvn> 

200 

99 

Tin> 

200 

82  c 

a  100  micrograms. 

b  These  elements  were  included  at  the  suggestion  of  W.  G.  Fredrick. 
Tungsten  and  thallium  interfere  with  the  rhodamine  B  procedure  for  anti¬ 
mony. 

c  Forms  a  yellow  precipitate  which  can  be  removed  by  centrifugation. 
Apparently  some  potassium  iodoantimonite  is  adsorbed  on  precipitate. 
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Table  II.  Recovery  of  Antimony  Added  to  Biolosical  Materials 


Antimony 

Antimony 

Recovered6, 

Standard 

Error 

Material 

Added" 

(Mean) 

of  Mean' 

Micrograms 

Micrograms 

% 

Beef  blood  plasma,  10  ml. 

0 

3 

12.5 

12.7 

13 . 5 

100 

99 

2.9 

500 

516 

1.7 

1250 

1275 

2.1 

Human  urine,  25  ml. 

0 

10 

250 

255 

2^2 

750 

728 

1.7 

1250 

1253 

2.7 

5000 

5040 

0.7 

1765<* 

1770 

1.4 

2360e 

2300 

1.8 

Dry  rabbit  feces,  0.5  gram 

0 

3 

250 

249 

3^5 

2500 

2544 

1.3 

Rabbit  liver  (fresh)  ,2.5  grams 

0 

0 

250 

244 

'2.0 

2500 

2450 

1.2 

a  As  tartar  emetic  except  where  otherwise  indicated. 
b  After  subtraction  of  established  blank. 
c  From  mean. 

d  As  Neostibosan,  a  preparation  containing  p-aminophenylstibonic  acid, 
its  acetyl  derivative,  and  antimonic  acid. 

e  As  Stibanose,  a  preparation  containing  the  complex  of  sodium  gluconate 
and  antimonic  acid  as  the  diethyl  monoethanolamine  salt.  The  antimony 
analysis  of  this  compound  and  of  Neostibosan  was  kindly  supplied  by  H.  B. 
Corbitt  of  the  Winthrop  Laboratories. 


a  few  drops  of  Superoxol  or  of  nitric-perchloric  acid  mixture  are 
added  to  the  hot  solution  and  the  boiling  is  continued  for  another 
minute.  The  digest  is  now  diluted  to  25  ml.  and  a  5-ml.  portion 
(which  contains  about  16  volumes  %  sulfuric  acid)  is  taken  for 
colorimetric  analysis  as  for  blood  plasma.  If  the  amount  of  an¬ 
timony  exceeds  that  which  can  be  read,  the  digest  is  diluted  with 
16  volumes  %  sulfuric  acid  until  a  readable  color  is  obtained. 
(Or  the  colored  solution  may  simply  be  diluted  with  the  sulfuric 
acid-potassium  iodide  solution — which  is  used  for  the  blank — 
until  the  color  is  within  the  readable  range.)  A  blank  deter¬ 
mination  on  25  ml.  of  antimony-free  urine  must  be  run  and  sub- 


Figure  3.  Effect  of  Final  Concentration  of  Potassium  Iodide 
on  Intensity  of  Color 


A.  1 00  micrograms  ol  antimony 

B.  70  micrograms  of  bismuth 

C.  100  micrograms  of  antimony  and  70  micrograms  of  bismuth 

In  all  cases  100  is  taken  as  the  amount  of  color  obtained  when  100  micrograms 
of  antimony  in  5  ml.  of  1 6  volume  %  sulfuric  acid  are  mixed  with  5  ml.  of  a  solu¬ 
tion  containing  16%  potassium  iodide  and  2%  ascorbic  acid 
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traded,  particularly  if  the  amount  of  antimony  to  be  determined  j 
is  very  small. 

Feces.  Samples  of  0.5  gram  of  dry  feces,  or  about  2  grams  of 
wet  feces,  are  transferred  to  a  100-ml.  Kjeldahl  flask  followed  by 
4.2  ml.  of  concentrated  sulfuric  acid  and  10  ml.  of  concentrated 
nitric  acid.  The  procedure  is  as  for  urine.  The  blank  value  for 
antimony-free  feces  is  negligible  unless  very  small  amounts  of  an-  ■ 
timony  are  being  determined  (see  Table  II). 

Tissues.  A  sample  expected  to  contain  250  micrograms  of  an¬ 
timony  or  more  is  transferred  to  a  100-ml.  Kjeldahl  flask  along  i 
with  4.2  ml.  of  concentrated  sulfuric  acid.  The  oxidation  process  { 
is  carried  out  with  perchloric  acid-nitric  acid  mixture;  otherwise  i 
the  process  is  as  described  for  urine.  The  blank  value  for  anti-  j 
mony-free  tissue  is  negligible. 

INTERFERING  ELEMENTS 

The  very  low  blank  values  obtained  with  the  various  body  tis-  | 
sues  and  excreta  make  it  clear  that  none  of  the  metallic  elements  i 
normally  found  in  the  body  interferes  with  the  antimony  deter¬ 
mination.  Interference  might  be  expected,  however,  from  some 
of  the  heavy  metals  which  could  enter  the  organism  in  the  form  of 
various  medications.  Results  covering  some  of  these  elements 
are  given  in  Table  I. 

The  only  seriously  interfering  element  is  bismuth.  A  method  is 
described  below  by  which  this  element  may  be  determined  sepa¬ 
rately,  if  present.  As  for  anions,  there  is  no  interference  from  i 
nitrates  or  phosphates.  Oxidizing  anions  such  as  nitrite  and  hy¬ 
pochlorite  interfere  if  present  in  sufficient  quantity  to  oxidize  i 
the  ascorbic  acid  in  the  potassium  iodide  reagent.  Sulfites  inter¬ 
fere  in  anV  concentration,  since  they  give  a  yellow  color  when 
added  to  a  reagent  blank.  _ 

RECOVERY  OF  ANTIMONY  FROM  BIOLOGICAL  MATERIALS 

The  results  of  recovery  experiments  are  given  in  Table  II. 
The  values  obtained  are  satisfactorily  precise,  as  is  shown  by  the 
standard  errors.  As  a  matter  of  fact,  these  errors  are  ordinarily 
no  greater  than  would  be  obtained  in  setting  up  and  reading  a 
series  of  half  a  dozen  standards  of  the  same  antimony  concentra¬ 
tion.  The  recovery  experiments  have  included  several  forms  of 
the  element.  In  most  cases  the  antimony  was  added  as  tartar 
emetic,  but  in  some  cases  organic  compounds  such  as  Neostibosan 
and  Stibanose  were  added. 

METHOD  FOR  DETERMINING  BOTH  ANTIMONY  AND  BISMUTH 

The  colorimeter  must  be  accurately  calibrated  for  bismuth 
using  both  the  1.6  and  11.2%  potassium  iodide  reagents.  A  given 
amount  of  bismuth  yields  11%  more  color  at  the  higher  iodide 
concentration. 

An  aliquot  of  the  digest  is  treated  with  an  equal  volume  of 
reagent  B  and  another  aliquot  is  treated  with  an  equal  volume  of 
reagent  A.  Both  are  read  in  the  colorimeter  against  a  -blank 
consisting  of  one  volume  of  16  volumes  %  sulfuric  acid  and  one 
volume  of  potassium  iodide  reagent  A.  The  first  aliquot  gives 
the  amount  of  bismuth  present,  and  the  second  gives  antimony 
plus  bismuth.  If  the  second  reading  is  beyond  the  range  of  the 
instrument,  the  digest  is  diluted  with  16  volumes  %  sulfuric  acid 
until  a  readable  color  can  be  obtained  with  reagent  A,  then  both 
determinations  are  repeated. 


Table  III.  Recovery  of  Antimony  and  Bismuth  from  Biological 


Materials 

Bis-  Anti- 

Bismuth 
Recovered  =*= 

Antimony 
Recovered  ^ 

muth 

mony 

Standard 

Standard 

Material 

Added®  Added b 

Error 

Error 

Micrograms 

Micrograms 

Human  urine,  25  ml. 

600 

600 

594  ±29.0 

617  ±  26.0 

1000 

200 

981  ±8.6 

214  ±  17.0 

200 

1000 

214  ±  10.5 

986  ±14.0 

200 

200 

205  ±6.5 

201  ±6.0 

Beef  blood  plasma,  10  ml. 

50 

50 

48.7  ±  1 .8 

49.2  ±3.3 

100 

100 

96.5  ±3.0 

104.0  ±5.3 

200 

200 

203  ±3.5 

204.5  ±3.9 

a  As  bismuth  nitrate. 
b  As  potassium  antimony  tartrate. 
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Calculation.  The  bismuth  content  is  calculated  from  the 
established  calibration  curve  for  reagent  B.  The  colorimeter 
reading  at  the  lower  iodide  concentration  is  then  multiplied  by 
1.11  and  subtracted  from  the  reading  at  the  higher  iodide  con¬ 
centration.  The  difference  is  due  to  antimony  and  is  calculated 
in  the  usual  manner  from  its  calibration  curve.  Some  recovery 
experiments  involving  both  elements  are  given  in  Table  III. 
The  total  recovered  is  more  accurate  than  either  element  alone; 
an  accuracy  better  than  ±5%  is  not  claimed  for  the  individual 
elements. 

DISCUSSION  OF  METHOD 

The  ascorbic  acid  which  is  present  in  the  potassium  iodide  re¬ 
agent  serves  three  purposes:  (1)  it  reduces  the  iodine  formed  by 
the  reaction  Sb'  +  2KI  — *■  Sbln  +  I>  +  2K+;  (2)  it  stabilizes 
the  color  by  preventing  the  formation  of  free  iodine  from  potas¬ 
sium  iodide;  (3)  it  acts  as  a  buffer  against  traces  of  oxidizing  im¬ 
purities  which  may  be  present  in  the  digests.  These  properties 
of  ascorbic  acid  eliminate  the  necessity  for  any  elaborate  process 
for  the  destruction  of  oxidizing  impurities. 

One  important  source  of  error  is  the  presence  of  yellow  sub¬ 
stances  in  the  acid  digests.  These  may  appear  to  have  been  com¬ 
pletely  destroyed  and  be  invisible  to  the  naked  eye.  Yet  when 
the  amount  of  antimony  present  is  small  and  large  aliquots  of 
the  digest  must  be  used,  the  error  may  be  appreciable.  It  is  ad¬ 
visable  as  a  precaution  to  read  the  color  of  the  digest  in  the  color¬ 
imeter  against  16  volumes  %  sulfuric  acid  and  to  make  a  correc¬ 


tion  appropriate  to  the  aliquot  used.  If  the  aliquot  used  is  as 
little  as  1  ml.  this  factor  is  usually  negligible. 

The  only  other  technical  points  which  require  attention — 
namely,  control  of  acid  concentration,  and  avoidance  of  loss  of 
antimony  as  antimony  trichloride — have  been  sufficiently  empha¬ 
sized. 
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Microdetermination  of  Mercury  in  Biological  Material 

JACOB  CHOLAK  and  DONALD  M.  HUBBARD 

Kettering  Laboratory  of  Applied  Physiology,  College  of  Medicine,  University  of  Cincinnati,  Cincinnati,  Ohio 


A  procedure  suitable  for  determining  minute  quantities  of  mercury 
in  biological  and  related  materials  is  described.  Organic  matter  is 
destroyed  by  digesting  the  sample  in  a  special  apparatus,  by  boiling 
first  with  a  mixture  of  sulfuric  and  nitric  acids,  followed  by  a  second 
boiling  treatment  after  addition  of  potassium  permanganate.  Mer¬ 
cury  is  extracted  from  the  decolorized  acid-permanganate  digest 
(diluted  to  1.8  N  in  respect  to  sulfuric  acid)  by  means  of  a  chloro¬ 
form  solution  of  di-/3-naphthylthiocarbazone.  The  chloroform  ex¬ 
tract  is  then  treated  with  a  sulfuric  acid-sodium  thiosulfate  mixture  to 
separate  the  mercury  from  copper.  The  final  estimation  of  mercury 
is  made  by  photometering  di-/3-naphthylthiocarbazone-chloroform 
extracts  of  the  copper-free  aqueous  phase  following  treatment  with 
potassium  permanganate.  At  least  50  grams  of  blood  must  be  used 
for  the  reliable  estimation  of  concentrations  as  low  as  1  microgram  of 
mercury  in  100  grams  of  blood.  A  table,  which  compares  the  mer¬ 
cury  content  of  the  blood  and  urine  of  exposed  persons,  shows  that 
the  mercury  content  of  the  blood  is  very  low.  Except  in  one  case, 
the  amounts  were  well  below  1 0  micrograms  for  1 00  grams  of  blood. 
The  highest,  0.029  mg.  per  100  grams,  was  found  in  a  case  where  the 
urine  level  was  4.44  mg.  of  mercury  per  liter.  The  mercury-di-fl- 
naphthylthiocarbazone  complex  is  more  stable  than  the  analogous 
dithizone  complex. 


'SATISFACTORY  methods  for  the  determination  of  minute 
O  quantities  of  mercury,  particularly  in  the  air  of  industrial 
establishments  and  in  the  urine  of  exposed  persons,  have  been 
described  ( 3 ,  4,  8,  11,  12).  The  most  sensitive  of  these  methods 
nvolving  the  scattering  of  the  radiation  at  2537  A.  by  mercury 
1  vapors  (3,  12)  is  very  satisfactory  for  air  analysis,  but  its  applica¬ 
tion  in  the  analysis  of  other  material  requires  special  equipment 
md  inconvenient  preparatory  procedures.  Ballard  and  Thom¬ 
son  ( 1 )  have  applied  the  method  to  the  determination  of  minute 
•quantities  of  mercury  in  aqueous  solutions  and  have  mentioned 
he  possibility  of  its  use  in  the  analysis  of  biological  material, 
I  Tut  have  given  no  data  or  details  of  procedure  on  such  applica¬ 


tions.  Laug  and  Nelson  (6)  have  described  a  simple  chemical 
method  based  upon  the  use  of  dithizone  for  the  general  analysis 
of  biological  material,  but  the  authors  were  unable  to  apply  the 
method  successfully  whenever  it  was  necessary  to  employ  all  of  a 
large  sample.  Others  (10)  also  have  reported  difficulties  in  the 
use  of  the  Laug  and  Nelson  method. 

The  colorimetric  method  founded  upon  the  use  of  di-0-naph- 
thylthiocarbazone  (4)  has  been  employed  successfully  by  the 
authors  in  the  analysis  of  samples  of  air,  urine,  and  aqueous 
solutions  of  organic  materials  which  can  be  oxidized  conveniently 
by  digestion  with  acid-potassium  permanganate.  In  applying; 
the  method  to  the  analysis  of  other  material,  however  (solid 
tissues,  blood,  etc.),  difficulties  were  encountered  mainly  because 
of  losses  of  mercury  due  to  the  methods  used  in  oxidizing  the 
organic  matrix.  The  general  applicability  of  the  method  de¬ 
pended  therefore  upon  the  development  of  safe  oxidation  proce¬ 
dures  and  upon  the  introduction  of  modifications  in  the  extraction 
steps  which  would  eliminate  the  need  for  using  small  samples  or 
aliquots  in  order  to  protect  the  mercury  extraction  agent.  Such 
a  convenient  procedure  has  been  developed  and  is  given  below 
in  such  detail  as  to  involve  some  slight  repetition  of  earlier  pub¬ 
lished  work  (4)  for  the  sake  of  completeness. 

REAGENTS 

Oxidizing  Mixture.  A  1  to  1  mixture  of  concentrated  sulfuric 
and  nitric  acids  is  convenient  to  use  for  the  destruction  of  organic 
matter. 

Hydroxylamine  Hydrochloride,  50  and  5%  w/v  solutions. 

Potassium  Permanganate,  5-grain  (0.325-gram)  tablets  and  a 
saturated  solution. 

Sodium  Thiosulfate,  1.5  grams  of  sodium  thiosulfate  in  100 
ml.  of  water. 

Di-fl-naphthylthiocarbazone.  (1)  Initial  extraction  solution, 
20  mg.  of  di-fl-naphthylthiocarbazone  in  1  liter  of  chloroform. 
(2)  Final  extraction  solutions,  0  to  5  micrograms  range  6  mg.  of 
di-fl-naphthylthiocarbazone  per  1  liter  of  chloroform;  0  to  50 
micrograms  range  same  as  initial  extraction  solution. 

The  extraction  solutions  are  stabilized  and  used  chloroform  is 
reclaimed  by  procedures  described  by  Bambach  and  Burkey  (2). 
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Figure  1.  Digestion  Appara¬ 
tus  Used  in  Oxidation  of 
Organic  Material 


PROCEDURE 

Preparation  of  Samples. 

Urine  (and  aqueous  solutions 
of  most  organic  materials). 

Fifty-milliliter  samples  are  di¬ 
gested  with  sulfuric  acid  and 
potassium  permanganate  in  a 
boiling  flask  provided  with  a 
“cold  finger”  as  previously  de¬ 
scribed  (4). 

Air  Samples.  Atmospheres 
may  be  sampled  either  by  pass¬ 
ing  the  air  at  a  suitable  rate 
through  a  gas  scrubber  con¬ 
taining  100  ml.  of  a  solution  of 
potassium  permanganate  (10 
grams)  in  10%  (v/v)  sulfuric 
acid,  or  the  sample  may  be 
collected  in  an  evacuated 
balloon  flask  (7)  and  the  mer¬ 
cury  brought  into  solution  by 
introducing  100  ml.  of  the  ab¬ 
sorbent  medium  into  the  flask 
and  shaking  it  for  a  few 
minutes.  The  entire  sample  or 
a  suitable  aliquot  may  be  used, 
but  only  after  decolorizing  the 
solution  with  hydroxylamine 
hydrochloride  solution  (50% 
w/v). 

Solid  Tissue  and  Blood.  In¬ 
troduce  the  sample  (1  to  50 
grams)  into  a  1-liter,  two¬ 
necked,  distilling  flask  (Figure 
1) ,  add  40  ml.  of  the  oxidizing 
mixture,  insert  the  cold  finger, 
and  heat  the  mixture  to  boil¬ 
ing.  After  boiling  for  2  hours, 
cool,  then  further  chill  the 
solution  by  immersing  the  flask 
in  an  ice  bath.  Remove  the 
fats  and  fatty  acids  which 
separate  out,  by  filtering  the 
solution  through  a  glass-wool 
plug  inserted  into  the  neck  of 
a  funnel.  Collect  the  clear  fil¬ 
trate  in  a  second  1-liter,  two¬ 
necked  flask,  reinsert  the  finger, 
add  two  5-grain  tablets  of  po¬ 
tassium  permanganate,  and 

again  heat  the  solution  to  boiling.  Continue  boiling  and  add 
tablets  of  potassium  permanganate  (2  at  a  time) ,  through  the 
second  neck  of  the  flask,  either  until  a  precipitate  of  manganese 
dioxide  persists  or  until  8  to  10  tablets  have  been  used  for  each 
10  grams  of  sample.  Cool  the  flask  again  in  an  ice  bath  and  add 
5  ml.  of  hydroxylamine  hydrochloride  solution  (50%  w/v)  to  de¬ 
colorize  the  solution.  If,  on  cooling,  fats  again  separate  out, 
filter  the  solution  as  after  the  first  chilling. 

Initial  Extraction.  Proceed  with  the  extraction  of  mercury 
from  samples  of  digested  urine  as  directed  previously  (4).  Solu¬ 
tions  resulting  from  air  sampling,  containing  not  more  than  10% 
(v/v)  sulfuric  acid,  may  be  handled  in  a  similar  fashion.  In 
all  cases  in  which  40  ml.  of  the  oxidizing  mixture  have  been  used, 
transfer  the  prepared  sample  to  a  500-ml.,  pear-shaped,  separa¬ 
tory  funnel,  dilute  it  to  400  ml.  with  distilled  water,  add  5  ml.  of 
hydroxylamine  hydrochloride  solution  (50%  w/v),  and  extract 
the  mercury  with  5-ml.  portions  of  initial  extraction  di-fl-naph- 
thylthiocarbazone  solution.  Continue  extraction  with  5-ml. 
portions  of  di-/3-naphthylthiocarbazone  solution  until  the  last 
portion  added  shows  no  change  in  color,  collecting  the  extracts 
in  a  second  150-ml.  Squibb  separatory  funnel.  (Each  5-ml.  por¬ 
tion  of  di-fi-naphthylthiocarbazone  solution  extracts  approxi¬ 
mately  25  micrograms  of  mercury  and  the  total  quantity  of  di-i3- 
naphthylthiocarbazone  used  indicates  the  concentration  range, 
thereby  determining  the  final  dilution  of  the  sample  and  the  size 
of  the  cell  which  is  to  be  used  for  photometric  purposes.  If 
minute  traces  of  mercury  are  expected,  the  individual  portions  of 
extracting  solution  used  may  be  reduced  to  1  or  2  ml.  in  volume 
in  order  to  make  more  certain  by  the  color  change  that  less  than 
5  micrograms  of  mercury  are  present.) 

To  the  combined  chloroform  extracts  or  to  an  aliquot  contain¬ 
ing  not  in  excess  of  50  micrograms  of  mercury  in  the  second  funnel, 
add  50  ml.  of  dilute  sulfuric  acid  (2%  v/v)  and  4  ml.  of  the  so¬ 
dium  thiosulfate  solution.  Shake  for  1  minute  and  discard  the 
chloroform  layer.  Wash  the  aqueous  solution  twice  with  5-ml. 


A. 

C. 

E. 

G 

H. 

N. 

T. 


Height  of  apparatus,  40  cm. 

Water  inlet 
Water  outlet 
Gas  outlet 

40  * 

34  T 

45  * 

1 .5-  to  2-mm.  gas  gap 
1 -liter  Pyrex  flask 


portions  of  clear  chloroform  and  then  transfer  the  aqueous  laye 
to  a  200-ml.  boiling  flask.  Add  5  ml.  of  saturated  potassiur 
permanganate  solution,  insert  a  cold  finger  in  the  mouth  of  th 
flask  (/),  and  heat  the  solution  for  10  minutes.  Cool  the  solu 
tion  and  decolorize  it  by  adding  aqueous  hydroxylamine  hydro 
chloride  (5%  w/v)  dropwise,  and  then  add  1  ml.  in  excess.  Re 
insert  the  condenser  and  heat  just  to  the  boiling  point.  Cool  an> 
rinse  the  solution  into  a  150-ml.  Squibb-type  separatory  funnel 

Final  Colorimetric  Extraction.  Dilute  the  solution  to  10* 
ml.  and  extract  the  mercury  with  di-d-naphthylthiocarbazon 
solution,  using  20  ml.  of  the  initial  extraction  solution  for  th 
range  0  to  50  micrograms,  or  10  ml.  of  the  6  mg.  per  liter  solutioi 
for  the  0  to  5  micrograms  range.  For  photometric  readings  in  th 
lower  range  of  concentrations  a  cell  of  50-mm.  light  path  is  em 
ployed,  while  for  the  higher  a  cell  of  10-mm.  light  path  is  satis 
factory.  Any  suitable  photometer  capable  of  using  Style  I 
American  Instrument  Company  cells  may  be  used.  Filters  fo 
photometers  that  require  them  should  be  centered  at  515  m/i. 

Working  curves  are  obtained  with  known  quantities  of  mer 
cury  (as  the  nitrate)  plus  50  ml.  of  sulfuric  acid  (2%  v/v)  anc 
1  ml.  of  hydroxylamine  hydrochloride  solution  (5%  w/v)  'di 
luted  to  100  ml.  as  in  the  final  colorimetric  extraction  step. 

RESULTS 


The  recoveries  in  the  case  of  known  quantities  of  mercun 
added  to  blood  and  tissue  samples  (liver)  are  listed  in  Tables  1 
and  II.  Table  III  gives  some  results  obtained  upon  samples  o 
the  blood  and  urine  of  exposed  persons  in  order  to  illustrate  thi 
relationships  between  the  blood  and  the  urine  with  respect  t< 
concentration  of  mercury.  These  data  demonstrate  the  practica 
need  for  a  micromethod  capable  of  using  such  relatively  largi 
samples. 


: 


s 


r 


DISCUSSION 


1 


As  is  indicated  in  Table  I,  it  is  possible  to  detect  as  little  as  O.f ; 
microgram  of  mercury  in  50  grams  of  blood,  this  being  the  small- : 
est  quantity  of  sample  that  can  be  employed  successfully  wher : 
the  concentration  of  mercury  is  of  the  order  of  1  microgram  pe: 
100  grams.  Mercury  cannot  be  extracted  from  acid  digests  o:  . 
such  large  samples,  prepared  by  the  Laug  and  Nelson  methoc : 
(6),  either  because  of  the  large  quantity  of  nitric  acid  which  musi . 
be  used  or  because  in  the  oxidation  of  the  organic  matter  certaii  ’ 
products  are  produced  which  destroy  the  extracting  agent  (di- : 


Table  1. 

— 

Recoveries  of  Mercury  Added  to  Blood  Samples 

Tablets  of 

KMnOi 

Blood 

Employed  Mercury  Added 

Mercury  Found 

Grama 

Micrograms 

Micrograms 

50 

40 

0 

1,  0.8  (0.9  av.) 

20 

20 

0 

0.7,  0.5  (0.6  av.) 

50 

40 

0.5 

1.4,  1.4 

50 

40 

1.0 

1.6,  2.0 

50 

40 

5 

5.9,  5.3 

50 

40 

10 

11,  11 

50 

40 

20 

21,  20 

20 

20 

50 

50,  50.5 

20 

20 

500 

505,  495 

Table  II. 

Recoveries  of 

Mercury  Added  to  Rabbit  Liver 

Tablets  of 

Liver 

KMnOi 

Used 

Employed 

Mercury  Added 

Mercury  Found 

Grams 

Micrograms 

Micrograms 

50 

40 

0 

3.8,  2.6  (3.2  av.) 

50 

40 

5 

8.4,  8.4 

50 

40 

100 

101,  102.5 

Table  III.  Concentration  of  Mercury  in  Blood  and  Urine  of  Exposed 

Persons 


Number 

Urine 

— Blood - * 

Mg./l. 

Grams 

Mg./100  g. 

J.S. 

0.12 

55.6 

0.001 

W.H. 

1.06 

50.3 

0.009 

L.P. 

1.20 

33.5 

0.006 

O.M. 

0.82 

33.4 

0.003 

L.W. 

0.04 

58.5 

0.001 

H.M. 

4.44 

47.7 

0.029 

M.B. 

0.64 

32.4 

0.001 

J.W. 

0.18 

53.7 

0.001 
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Figure  2.  Transmission  Curve  for  Twice  Repurified  Di-/3-naphthylthiocarbazone 

in  Chloroform 


■thizone  or  di-/3-naphthylthiocarbazone) .  The  use  of  potassium 
permanganate  in  the  authors’  method  overcomes  these  difficul¬ 
ties,  for  not  only  does  this  additional  treatment  destroy  more  of 
the  organic  matter,  but  in  the  process  of  doing  so  it  neutralizes 
some  of  the  acid  (probably  much  of  the  nitric  acid)  and  permits 
extraction  of  the  mercury  without  decomposition  of  the  extract¬ 
ing  agent.  The  use  of  the  additional  reagent  increases  the  magni¬ 
tude  of  the  reagent  blank,  but  not  to  such  an  extent  as  to  be  prac¬ 
tically  disadvantageous.  The  total  blank  associated  with  the 
employment  of  40  ml.  of  the  standard  oxidizing  mixture  has  been 
found  to  be  0.9  and  0.6  microgram,  respectively,  when  40  and  20 
tablets  of  potassium  permanganate  are  used. 

The  dilution  of  the  prepared  sample  to  the  volume  of  400  ml. 
also  tends  to  prevent  oxidation  of  the  di-/3-naphthylthiocarbazone 
and  reduces  the  concentration  of  acid  therein  (in  terms  of  sulfuric 
acid  employed)  to  about  1.8  N,  which  is  of  the  order  of  that  (1.5 
N)  used  by  Laug  and  Nelson  ( 6 ),  in  the  initial  extraction.  The 
authors  have  not  found  it  necessary  to  prevent  the  extraction  of 
silver  by  the  addition  of  hydrochloric  acid,  since  this  is  accom¬ 
plished  by  hydroxylamine  hydrochloride.  Added  quantities  of 
silver  up  to  1  mg.  carried  through  the  complete  procedure  failed 
to  affect  the  recovery  of  mercury. 

The  removal  of  free  fats  or  fatty  acids  is  necessary  because  of 
their  effect  on  the  extraction  agent,  but  their  removal,  as  also 
shown  by  Laug  and  Nelson  ( 6 ),  does  not  result  in  losses  of  mer- 
3ury.  Experience  has  demonstrated  that  some  fatty  material  is 
dissolved  by  the  chloroform  in  the  initial  extraction  step  and  that 
this  may  be  carried  over  into  the  acid-thiosulfate  mixture.  A 
considerable  portion  of  this  fat  is  removed  when  the  acid-thio- 
sulfate  mixture  is  washed  with  clear  chloroform  and  the  greater 
portion  of  the  remainder  is  destroyed  in  the  acid-permanganate 
soiling  procedure  used  to  break  up  the  mercury-thiosulfate  com¬ 
plex  preparatory  to  the  final  colorimetric  extraction.  A  slight 
yellow  color  remains  in  the  aqueous  layer  (particularly  when  large 
samples  have  been  employed),  but  this  color  does  not  appear  to 
se  extracted  by  the  final  extraction  solution. 

The  use  of  the  thiosulfate  complexing  medium  permits  a  final 
extraction  for  colorimetric  purposes  at  pH  0.5.  This  is  beneficial 
n  avoiding  interference  by  other  metals,  particularly  lead,  zinc, 
hnd  cadmium,  which  might  prove  harmful  at  pH  6,  such  as  is  used 
jy  Laug  and  Nelson  (6),  particularly  if  through  error  the  acidity 
should  be  less  than  this  value.  Laug  and  Nelson  avoid  these 
Possible  interferences  by  purifying  their  iodide  and  buffer  solu- 
:ions,  steps  which  are  unnecessary  if  the  method  described  above 
s  used.  The  only  elements  that  might  be  expected  to  give 
trouble  under  the  conditions  of  extracting  at  relatively  high 
acidity  are  copper,  silver,  and  bismuth.  The  latter  two,  however, 
(ire  not  extracted  in  the  presence  of  chloride  ion  (obtained  from 


the  hydroxylamine  hydrochloride  which  is  added 
in  both  the  initial  and  final  extraction  steps), 
while  the  former  remains  in  the  chloroform  layer 
when  the  initial  extraction  solution  is  shaken 
with  the  acid-thiosulfate  solution.  In  the  use 
of  the  latter  the  only  precaution  required  is 
that  the  acid-thiosulfate  solution  should  be 
made  up  fresh  just  before  use;  otherwise  the 
thiosulfuric  acid  is  decomposed  with  deposition 
of  sulfur  and  consequent  loss  in  mercury- 
complexing  ability. 

The  lack  of  stability  of  the  mercury-dithizone 
complex  ( 6 )  is  a  decided  disadvantage  which  has 
been  overcome  by  the  use  of  di-/3-naphthylthio- 
carbazone.  The  complex  of  the  latter  reagent 
with  mercury  is  stable  and  no  loss  in  color  has 
been  observed  after  1  hour  of  exposure  of  the 
solutions  to  strong  artificial  light.  No  effort  is 
made  to  protect  the  solutions  of  the  mercury- 
di-/3-naphthylthiocarbazone  complex  prior  to 
their  final  introduction  into  the  photometer,  although  they  are 
not  allowed  to  stand  in  strong  sunlight. 

The  di-d-naphthylthiocarbazone  was  prepared  by  one  of  the 
authors,  by  a  method  described  elsewhere  (5).  The  reagent 
may  be  obtained  from  Eastman  Kodak  Corporation,  but  the 
product  so  available  at  present  must  be  purified,  since  its  molecu¬ 
lar  extinction  coefficient  (e)  at  645  m^  was  found  to  be  approxi¬ 
mately  10,000  as  compared  to  that  of  42,000  which  characterizes 
the  twice  repurified  product  made  by  the  Scott  and  Hubbard 
method  and  which  was  used  in  this  work  (5).  After  one  purifica¬ 
tion,  the  Eastman  product  had  an  extinction  coefficient  of  25,000. 
Apparently  the  method  originally  used  by  Hubbard  (4),  which 
was  a  modification  of  Suprunovich’s  method  (9),  gave  a  somewhat 
purer  product  than  that  made  subsequently  ( 5 ),  since  an  extinc¬ 
tion  coefficient  of  45,700  was  obtained  for  it.  This  apparently 
superior  method,  however,  is  impractical  because  of  its  very  low 
yield.  In  Figure  2  is  shown  a  transmission  curve  for  the  twice 
purified  product  made  by  the  Hubbard  and  Scott  method  (5). 
This  curve  was  obtained  with  the  Beckman  spectrophotometer, 
the  readings  being  made  at  10-my  intervals  until  the  peak  of  ab¬ 
sorption  was  near,  when  they  were  made  at  5-m/u  intervals.  By 
reason  of  the  use  of  the  Beckman  instrument,  this  curve  is  more 
accurate  than  that  shown  previously  (4). 

Finally,  the  authors  have  attempted  to  employ  the  spectro¬ 
graph  for  the  determination  of  mercury  in  biological  material. 
The  spectrographic  sensitivity  was  found  to  be  satisfactory  only 
following  isolation  of  the  mercury  and  reduction  of  the  resultant 
solution  to  a  volume  of  0.5  or  1  ml.  These  procedures  always 
resulted  in  some  loss  of  mercury  and  therefore  the  spectrographic 
method  was  abandoned  in  favor  of  the  purely  chemical  method 
described  above. 

i  i  ■ 
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A  Versatile  Electronic  Relay 

JOSEPH  G.  BAIER,  JR.,  AND  PAUL  E.  MILLINGTON,  The  University  of  Wisconsin  in  Milwaukee,  Milwaukee,  Wis. 


An  electronic  relay  is  described  which  is  variable  in  sensitivity,  re¬ 
quires  at  most  only  a  few  microamperes  of  contact  current,  can  be 
adjusted  to  the  inherent  resistance  of  the  regulator  circuit,  and  in¬ 
corporates  a  photocell  for  light  activation  of  the  relay. 

A  NUMBER  of  electronic  relay  circuits  have  been  described 
in  the  literature  ( 1 ,  3-6)  during  the  past  few  years.  The 
general  trend  has  been  toward  the  development  of  a  relay  re¬ 
quiring  regulator  contact  current  in  the  order  of  a  few  microam¬ 
peres,  so  as  to  prevent  deterioration  of  the  mercury-platinum  or 
the  bimetallic  strip  regulator  contacts.  In  using  these  relays,  it 
is  necessary  that  the  regulator  elements  be  well  insulated  and 
their  connecting  leads  short  and  with  good  insulation,  since  any 
reduction  in  the  necessarily  high  open  circuit  resistance,  due  to 
high  humidity  or  insulation  leakage,  may  prevent  normal  use  of 
the  relays.  Moreover,  these  relays  are  usually  of  fixed  types, 
each  serving  only  one  purpose,  so  that,  for  different  uses,  either 
several  specific  types  of  relays  must  be  present  in  the  laboratory 
or  circuit  changes  in  the  existing  instruments  must  be  made. 

The  relay  described  in  this  paper  offers  the  following  features 
not  found  as  a  group  in  the  usual  electronic  relay: 

By  means  of  a  six-point  selector  switch  in  conjunction  with  a 
potentiometer,  the  relay  can  be  adjusted  rapidly  for  use  with 
any  type  of  regulator  having  contact  and  connecting  wire  lead 
resistances  from  approximately  0  ohm  to  250  megohms. 

It  is  provided  with  a  socket  to  receive  an  emission-type  photo¬ 


cell  for  light  activation  of  the  relay,  to  operate  either  alone  or  in 
conjunction  with  the  usual  type  of  regulator. 

The  relay  will  open  or  close  the  117-volt  alternating  current 
control  contacts  either  upon  opening  or  closing  of  the  regulator 
contacts,  or  with  increase,  decrease,  or  interruptions  in  the  light 
striking  the  photocell. 

Using  the  low  resistance  range,  the  regulator  contact  current 
does  not  exceed  a  few  microamperes  and  is  as  low  as  a  fraction  of 
a  microampere  for  photocell  operation  or  in  using  the  highest 
resistance  range. 

Series  resistances  are  provided  to  protect  the  operator  from 
accidental  shock  by  body  contact  with  the  regulator  terminals. 


RELAY  CIRCUIT 

The  relay  circuit  shown  in  Figure  1  illustrates  the  use  of  a  type 
2050  gas  tetrode  (interchangeable  with  type  2051),  operating 
on  alternate  half  waves  of  the  alternating  current  cycle,  in  a  con-  ! 
ventional  circuit  {2)  modified  for  the  purpose.  This  type  of  tube 
was  chosen  for  its  high  current-carrying  capacity  and  for  the 
triggering  action  of  the  grid  where,  when  the  critical  grid-firing 
voltage  is  reached,  the  tube  conducts  to  its  maximum  capacity. 
The  necessary  voltages  for  plate  and  grid  operation  are  obtained 
from  the  voltage  divider,  Ri  to  /i4,  with  the  voltage  developed 
across  R\  and  A  supplying  the  plate  a  voltage  positive  with  re¬ 
spect  to  the  cathode,  and  the  voltage  across  R3  and  Ri  negative  : 
with  respect  to  the  cathode  on  the  same  half  cycle  for  grid  con¬ 
trol.  Ri  gives  a  minimum  negative  grid  bias  voltage  just  in  ex¬ 
cess  of  cutoff,  while  Ri  allows  for  an  additional  grid  bias  voltage, 
variable  to  the  grid  through  potentiometer  Rb.  The  use  of  re¬ 
sistors  Ra  to  Rn  allows  for  the  ranges  of  sensitivity  desired  for 
operation  of  the  relay. 

With  Si  in  position  6  and  the  control  on  R3  moved  all  the  way 
up  (minimum  setting),  the  relay  will  operate 
with  contact  resistances  across  Tr  of  as  much  as 
250  megohms,  while  with  S2  in  position  1  and  the 
control  of  Ra  all  the  way  down  (maximum 
setting)  practically  a  zero  resistance  is  necessary. 
On  adjusting  <S2  to  intermediate  contact  points 
and  varying  R$  for  each  position  of  <SL,  a  complete 
range  in  between  is  available. 

The  plate  circuit  relay,  Re,  is  of  1500  ohms’ 
resistance  requiring  approximately  8  ma.  for 
operation.  Under  the  conditions  of  available 
plate  voltage,  a  relay  requiring  up  to  35  ma. 
and  of  lower  resistance  could  have  been  used. 
However,  under  these  conditions  and  especially 
if  the  circuit  is  to  be  turned  off  and  on  frequently, 
a  switch  should  be  inserted  in  the  plate  circuit  to 
provide  a  minimum  delay  of  10  seconds  after 
turning  on  Si  before  applying  the  voltage  to  the 
plate  of  the  tube.  This  is  recommended  by  the 
manufacturer  of  the  tube,  since  turning  on  the 
heater  and  plate  voltages  at  the  same  time  may 
result  in  reduced  tube  life.  The  authors  have 
not  experienced  this  difficulty  in  the  use  of  the 
instrument  as  described.  The  holding  condenser, 
C,  is  necessary  to  prevent  chattering  of  the  plate 
circuit  relay,  since  the  operation  of  the  relay  de¬ 
pends  upon  half-wave  plate  rectification.  The 
plate  circuit  relay  has  a  set  of  single-pole  single¬ 
throw  contacts  connected  to  a  pilot  lamp  to  indi¬ 
cate  operation  and  a  set  of  single-pole  double¬ 
throw  contacts  to  deliver  up  to  6  amperes  at 
1 17  volts  alternating  current  to  a  dual  outlet  re¬ 
ceptacle,  so  that  “normally  open”  or  “normally 
closed”  relay  service  is  available  for  operation  of 
the  desired  control  device.  If  a  greater  load 
is  to  be  operated,  a  heavy-duty  alternating  cur¬ 
rent  relay  can  be  placed  in  the  control  contact 
circuit  or  a  plate  circuit  relay  with  suitable  con¬ 
tacts  can  be  substituted. 


Vi  =  2050  gas  tetrode;  V2  =  868  gas  photocell;  T  =  midget  filament  transformer  117,  6.3-volt 
Thordarson  T19F80;  Re  =  plate  circuit  relay;  Pi,  Pi  =  6.3-volt  pilot  lamps,  Mazda  No.  44,  in  Drake 
No.  20  jeweled  sockets;  Si  =  midget  toggle  switch;  S2  =  six-position  Mallory  selector  switch  No. 
1316L;  C  =  10-nfd.  electrolytic  condenser,  50-volt  DCWV;  R 1  =  10,000  ohms;  R2  =  5000  ohms; 
Ri  =  900  ohms;  Ri  =  1750  ohms;  Ri  =  wire-wound  potentiometer  of  10,000  ohms,  Mallory  No. 
M10MP;  R 6  =  250,000  ohms,-  R 7  =  5  megohms,-  R s  =  100,000  ohms,-  R 9  =  250,000  ohms,- 
R 10  =  500,000  ohms,-  /?n  =  1  megohm,-  Ru  =  5  megohms,-  R 13  =  10  megohms.  Resistors  R 1  to  R 1 
are  Brown  Devil  10-watt  wire-wound  resistors.  Ri  to  Ru  are  0.5-watt  carbon  resistors.  Tr  =  thermo¬ 
regulator,  NC  and  NO  are  normally  closed  and  normally  open  relay  contacts.  Pilot  lamp  P2  indicates 
when  relay  is  energized,  while  Pi  indicates  continually  while  instrument  is  in  use 
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The  transformer,  T,  is  a  midget  filament  transformer  to  supply 
6.3  volts  to  the  heatet  of  the  20.50  tube.  Resistor  E7  is  a  current- 
limiting  resistor  for  the  type  868  photocell.  R6  is  a  regulator  con¬ 
tact  protective  resistance  and  should  be  approximately  250,000 
ohms.  Figure  2  is  a  photograph  of  the  instrument. 

BASIC  OPERATION  OF  THE  CIRCUIT 

The  circuit  operates  in  the  following  manner.  With  the  regu¬ 
lator  terminals,  Tr,  open  or  the  phototube  dark  (or  at  some  pre¬ 
determined  light  intensity  depending  on  the  setting  of  S2  and 
Rb),  the  grid  of  the  2050  is  at  a  voltage  more  negative  than  the 
critical  grid  firing  voltage  as  determined  by  R3  and  the  setting 
of  Rb.  When  contact  Tr  is  closed,  or  the  photocell  illuminated 
(or  the  illumination  increased),  the  grid  is  brought  to  a  potential 
less  negative  than  the  cutoff  voltage,  causing  the  tube  to  fire  and 
energize  the  plate  circuit  relay. 

OPERATION  OF  THE  RELAY 

After  connecting  the  relay  to  a  thermoregulator  or  similar  ac¬ 
tivating  mechanism  and  with  contacts  Tr  open,  switch  S2  can  be 
moved  progressively  from  contact  1  toward  contact  6  and  if  the 
relay  operates,  owing  to  leakage  across  the  wire  leads  from  the 
regulator,  switch  B2  can  be  backed  off  one  position  (or  the  setting 
of  Rb  lowered)  until  the  plate  circuit  relay  does  not  become  ener¬ 
gized  except  when  contacts  Tr  are  closed.  Actually  for  most  uses 
of  the  relay,  except  under  conditions  of  very  high  humidity,  or 
when  using  the  photocell,  switch  S2  can  be  left  permanently  in 
positions  3  or  4.  For  excitation  of  the  relay  using  the  photocell, 
the  procedure  described  previously  can  be  employed.  When  the 
position  of  S2  is  found  where  the  relay  operates  for  any  given  light 
intensity  on  the  photocell,  backing  off  S2  one  step  will  cause  it  to 
cease  operation.  A  position  of  Rb  can  then  be  found  where  slight 
movement  one  way  will  cause  the  relay  to  operate,  and  movement 
in  the  opposite  direction  will  cause  it  to  be  nonenergized.  If  Rb 
is  now  left  in  the  position  where  the  plate  circuit  relay  does  not 
operate,  a  slight  increase  in  the  light  will  cause  it  to  be  energized 
and  with  a  decrease  it  will  again  be  inoperative.  The  instrument 
is  made  very  flexible  in  its  use  by  simply  adjusting  S2  and  Rb  as 
outlined. 

The  relay  is  easy  to  assemble,  requires  no  preliminary  adjust¬ 
ments,  and  should  cost  approximately  $13.50  for  all  parts.  If 
photocell  operation  of  the  relay  is  not  desired,  V2  and  R2  can  be 


Figure  2.  Photograph  of  Relay 

Through-panel  insulators  for  thermoregulator  Tr  are  at  far  end  of  panel  with  photo¬ 
cell  socket  Vt  between  them.  Selector  switch  Si  is  in  center  and  control  to  R s 
below.  To  left  of  control  to  Rb  is  switch  Si;  Pi  is  to  right.  Pilot  lamp  Pi  is  not 
visible  from  this  view.  Dual  outlets  to  A JO  and  NC  are  on  left  side  of  cabinet. 
Entire  assembly  is  a  25/s  X  4‘/s  X  (>'/»  inch  cabinet,  black  crackle  finish 

omitted,  reducing  the  total  cost  to  $10.  The  present  relay  has 
been  in  almost  continuous  use  without  any  attention  for  more 
than  two  years,  controlling  the  temperature  of  a  constant- 
humidity  chamber  using  a  toluene-mercury-plat  in  urn  thermoregu¬ 
lator. 
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Kettle  for  Measuring  Small  Residues  in  Low-Temperature  Fractional  Distillation; 

GRAY  T.  HAMBLEN  and  JOSEPH  C.  THORSTENBERG 
Continental  Oil  Company,  Ponca  City,  Okla. 


SOME  samples  for  low-temperature  fractional  analyses  re¬ 
quire  the  measurement  of  very  small  liquid  residues,  when 
under  the  conditions  of  the  analysis,  it  is  impossible  to  vaporize 
the  residue  and  measure  it  as  a  gas.  If  it  is  necessary  to  pour  the 
residue  from  the  kettle  before  measuring  it,  very  large  samples 
must  be  taken,  so  that  the  liquid  remaining  in  the  kettle  will  not 
be  a  large  part  of  the  total  residue.  A  kettle  in  which  it  is  pos¬ 
sible  to  measure  accurately  small  residues  is  advantageous,  since 
time  is  saved  by  the  use  of  samples  of  moderate  size.  Two  types  of 
sample  which  contain  a  very  small  proportion  of  heavy  material 
are  the  effluent  from  a  polymerization  plant  and  the  raw  gasoline 
stream  from  a  natural  gasoline  plant  which  recovers  a  large 
amount  of  propane  and  butane. 

The  figure  shows  a  kettle  made  from  the  lower  end  of  a  Cali¬ 
fornia-type  100-ml.  graduated  centrifuge  tube.  The  heating 
coil  is  wound  upon  a  19-mm.  piece  of  capillary  tube,  which  is 
fused  to  the  end  of  the  centrifuge  tube.  The  volume  of  the  capil¬ 
lary  is  determined  by  adding  liquid  from  a  buret  to  the  centrifuge 
tube;  if  the  buret  reads  1.1  ml.  and  the  centrifuge  tube  reads  1.0 
ml.,  the  volume  of  the  capillary  is  0.1  ml.  The  heater  consists 
of  23  cm.  of  No.  28  resistance  wire,  which  is  wound  between  two 
layers  of  closely  wound  asbestos  or  glass  string.  The  wire  may 
be  threaded  through  a  Fiberglas  sleeve  before  winding.  The 
string  and  the  wire  are  fixed  by  the  liberal  application  of  water 
glass. 


The  upper  section  of  the  centrifuge  tube  is  pulled  off  at  about 
the  30-ml.  mark,  and  an  18/9  female  ball  joint  is  sealed  to  the 
rounded  end.  The  male  part  of  the  joint  is  sealed  to  the  distilling 
tube  of  the  low-temperature  fractionating  column.  The  sample 
is  introduced  through  the  capillary  connection  which  is  sealed 

The  three-way  stopcock  is  at¬ 
tached  to  the  capillary  by 
means  of  a  short  piece  of 
rubber  tubing.  A  pinchclamp 
or  a  screwclamp  on  the  rubber 
tubing  helps  to  prevent  leaks 
around  the  stopcock.  The 
vertical  arms  of  the  cock  are 
used  to  purge  the  line  from 
the  sample  container.  The 
kettle  is  immersed  in  liquid 
nitrogen  contained  in  a  Dewar 
flask  during  introduction  of 
the  sample. 

After  distillation  is  com¬ 
pleted,  the  kettle  is  immersed 
in  ice  water,  in  order  to  con¬ 
dense  vapor  and  cause  the 
reflux  liquid  to  leave  the 
packing  of  the  distilling  tube 
and  collect  in  the  kettle.  The 
kettle  is  then  immersed  in 
water  at  60°  F.,  and  the 
volume  of  the  residue  is  read. 


to  the  stem  of  the  female  joint. 


Hot  Stage  for  Microscopic  Observations  between  Room 

Temperature  and  350°  C. 

MARJORIE  J.  VOLD  and  TODD  M.  DOSCHER 
Department  of  Chemistry,  University  of  Southern  California,  Los  Angeles,  Calif. 


THIS  note  describes  a  small  furnace  found  useful  in  studying 
phase  relations  with  the  aid  of  microscopic  observation 
between  room  temperature  and  about  350°  C.  The  design 
problem  is  that  of  maintaining  a  temperature  gradient  of  up  to 
100  °  C.  per  mm.  in  one  direction  (so  that  the  sample  can  be  at  a 
high  temperature  with  the  microscope  objective  still  at  room 
temperature)  but  with  substantially  zero  gradient  in  the  plane 
perpendicular  thereto,  over  an  area  of  2  sq.  cm.  Additional  re¬ 
quirements  are  a  means  for  rapid  and  accurate  measurement  of 
the  temperature  and  a  fairly  low  lag  in  varying  the  temperature. 


Figure  1.  Cross  Section  of  Microscope  Hot  Stage 
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space  into  which  is  inserted  the  heating  element  composed  of  a 
1-foot  length  of  No.  26  Nicrome  resistance  wire  wound  as  a  spiral. 
The  heating  element  is  wrapped  around  the  brass  ring  fairly 
tightly  and  is  separated  from  it  by  two  strips  of  mica  in  order  to 
prevent  the  development  of  hot  spots.  The  brass  ring,  with 
winding,  is  then  embedded  in  position  with  shredded  asbestos 
paper.  The  leads  to  the  heating  element  are  brought  out  through 
holes  drilled  in  the  block,  and  secured  to  the  binding  posts  as 
shown. 

Two  Vie-inch  glass  disks,  separated  by  an  air  space,  1/a2-inch 
asbestos  spacer,  fit  into  the  well  created  by  the  brass  ring,  leav¬ 
ing  approximately  Vie  inch  from  the  top  of  the  ring  to  the  top 
glass  disk.  These  glass  disks  serve  to  insulate  the  heated  air 
chamber  of  the  furnace  from  the  condenser  system  of  the  micro¬ 
scope,  as  well  as  prevent  too  great  a  heat  loss  from  the  center 
of  the  main  hot  stage  chamber.  This  is  an  effective  technique, 
since  the  lower  chamber  is  heated  by  the  brass  ring  almost  as 
effectively  as  is  the  upper  chamber.  The  disks  may  be  chipped 
from  microscope  slides — held  under  water  while  chipping  to  pre¬ 
vent  cracking — or  a  circular  glass  cutter  may  be  used. 

The  microscope  objective  is  protected  from  the  furnace  by  a 
Pyrex  disk  0. 125  inch  thick,  cut  from  a  well-annealed  plate.  The 
latter  condition  is  important  if  the  furnace  is  to  be  used  with  a 
polarizing  microscope,  in  order  to  prevent  depolarization  by  the 
disk.  The  0. 125-inch  disk  is  used  rather  than  another  dummy  air 
space,  as  formed  on  the  underside  of  the  main  hot  stage  chamber, 
because  of  its  greater  convenience  when  changing  specimens. 
This  disk  is  sufficiently  thick  to  prevent  large  heat  losses  from  the 
center  of  the  heated  air  chamber — heat  conduction  from  its  pe¬ 
riphery,  where  it  makes  contact  w'ith  the  asbestos  insulation,  prob¬ 
ably  accounts  for  much  of  the  heat  loss  to  the  environment — but 
does  not  conduct  so  well  as  to  serve  as  a  source  of  heat  for  the  air 
chamber.  This  was  confirmed  by  using  a  pair  of  reversed  ther¬ 
mocouples — one  junction  sealed  to  the  glass  disk  and  the  other 
positioned  in  the  center  of  the  air  space — and  determining  that 
the  temperature  of  the  underside  of  the  disk  was  an  average  of 
0.5°  to  1.0°  C.  lower  than  the  temperature  of  the  air  chamber. 


Commercially  available  heating  stages  are  generally  designed 
for  biological  applications  and  are  not  serviceable  much  above 
50°  C.  Those  few  which  can  be  heated  to  high  temperatures  are 
generally  made  of  metal  and  therefore  have  a  fairly  high  heat 
capacity  wrhich  results  in  enormous  temperature  lag.  The  ex¬ 
terior  of  these  stages  becomes  warm,  with  resultant  inconvenience 
in  manipulation.  Metallic  parts  intended  to  distribute  the  heat 
uniformly  usually  undergo  oxidation  and  deterioration  with 
short  use,  and  temperature  inhomogeneity  develops  far  greater 
than  the  usually  claimed  1  °  above  200  °  C. 

Custom-made  hot  stages  for  specific  applications  have  been 
described  ( 1~4 ,  6,  11).  Wallace  and  Willard  (10)  devised  a  fairly 
simple,  sturdy,  and  generally  applicable  hot  stage  not  unlike  the 
present  design,  which  nevertheless  suffered  from  several  defects. 
The  heated  chamber  was  2.5  cm.  (1  inch)  in  depth  and  made  of 
Alundum  wound  with  Nichrome  wire;  this  construction  led  to 
the  development  of  severe  vertical  temperature  inhomogeneity 
within  the  furnace  proper.  For  use  with  a  10  X  objective  the 
specimen  had  to  be  raised  so  close  to  the  top  of  the  stage  that  high 
temperatures  were  not  attained  readily,  nor  without  the  develop¬ 
ment  of  large  horizontal  temperature  gradients. 

The  present  furnace  (Figures  1  and  2)  is  constructed  of  a  light¬ 
weight  porous  fire  brick  (Johns-Manville  magnesia  brick).  The 
bottom  section  consists  of  a  block,  2.5  inches  square  and  0.75 
inch  high,  from  winch  the  central  portion  has  been  drilled,  leaving 
the  terraces,  A  A'  and  BB'.  A  thin  brass  ring,  0.75  inch  in  di¬ 
ameter  and  6/ie  inch  high,  fits  into  a  slot,  thus  creating  an  annular 


Figure  2.  Section  through 
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A  l/64-inch  hole  is  drilled  through  the  block  and  the  brass  ring 
to  permit  the  entrance  of  a  thermocouple  for  measuring  the  tem¬ 
perature  within  the  ring.  A  thermocouple  is  preferred  to  a  ther¬ 
mometer  because  of  its  much  smaller  heat  capacity  and  its 
ability  to  measure  a  much  wider  range  of  temperature. 
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Copper-constantan  thermocouple 
wire,  No.  30  B.  &  S.  gage,  has  been 
used  successfully.  Since  the  e.m.f.  is 
0.04  to  0.05  mv.  per  °  C.,  a  Leeds  & 
Northrup  potentiometer  and  galva¬ 
nometer,  with  a  sensitivity  of  0.015 
microampere  per  mm.,  is  satisfactory 
for  measurements  good  to  0.3°  C.  If 
two  or  three  loops  of  the  thermocouple 
wire  are  left  within  the  air  space,  con¬ 
duction  of  heat  along  the  wire  is  low 
enough  so  that  standard  calibration 
tables  may  be  used.  Otherwise,  the 
calibration  may  run  2  °  to  3  °  C.  lower 
than  the  reference  tables  at  300°  C. 
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flat  capillaries  about  12  to  15  mm.  long,  supported  on  a  wire  coil 
of  the  thermocouple  wire,  which  in  turn  rests  on  the  surface  of 
the  uppermost  bottom  glass  cover  of  the  furnace  (see  diagrams). 

To  test  the  accuracy  of  the  hot  stage,  melting  points  were  de¬ 
termined  on  the  following: 


Figure  3.  Tempera¬ 
ture  Difference  be¬ 
tween  Center  of  Hot 
Stage  and  Other  Parts 
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With  this  design,  the  air  space  within 
the  brass  ring  can  be  maintained  at 
temperatures  up  to  350°  C.  with  the 

entire  exterior  of  the  block  only  faintly  warm  to  the  touch.  More¬ 
over,  the  heat  capacity  is  sufficiently  low  so  that  a  small  change  in 
heat  input  is  reflected  in  a  rapid  adjustment  of  the  temperature 
to  its  new  value.  The  maximum  rate  of  temperature  rise  compat¬ 
ible  with  maintenance  of  uniform  temperature  within  the  air 


In  addition,  phase  changes  in  the  system  sodium  nitrate-silver 
nitrate  were  determined  to  see  if  the  points  at  the  liquidus  and 
solidus  curves  could  be  determined  with  accuracy.  These  results 
are: 


Mole  % 
Sodium  Nitrate 

0.00 

29.9 

100.00 


Phase 

Change 

Melting 

Melting 

Freezing 

Melting 


Temperature,  °  C. 
Observed  Reported  (5) 


208.8  ±0.3 
217.5  ±  0.3 
235.2  ±0.3 
308.1  ±  0.3 
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Cross  Section  of  Modified  Hot  Stage 
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space  is  1.5°  to  2.0°  C.  per  minute.  The  temperature  gradient 
under  such  circumstances  is  illustrated  in  Figure  3,  which  was 
determined  by  using  two  reversed  thermocouple  junctions  and  a 
galvanometer  sensitive  to  0.1°  C. 

The  temperature  rise  is  controlled  by  means  of  a  variac  and  a 
12-ohm  resistance,  which  is  interposed  in  series  between  the  fur¬ 
nace  and  the  variac.  The  mean  spontaneous  rate  of  cooling  with 
the  heating  element  turned  off  is  20°  C.  per  minute  between  300° 
and  100°  C.,  and  10°  C.  below  100°  C. 

The  minimum  distance  from  the  microscope  objective  to  the 
center  of  the  heated  space  is  approximately  4.2  mm.,  which  with 
the  usual  design  of  microscope  makes  feasible  the  use  of  a  16-mm. 
(10  X)  objective,  so  that  a  magnification  of  the  order  of  100- 
power  can  be  readily  obtained.  For  intermittent  observations 
the  0.125-inch  Pyrex  disk  may  be  replaced  by  a  l/32-inch  disk, 
permitting  the  use  of  a  20  X  objective.  However,  under  such  cir¬ 
cumstances  the  heating  rate  should  be  below  0.7°  to  1.0°  C.  per 
minute  and  the  temperature  should  not  exceed  200°  to  250°  C. 
in  order  to  maintain  the  temperature  homogeneity  as  indicated 
above. 

The  sample  has  to  be  mounted  on  a  slide,  cover  slip,  or  other 
mount  that  can  be  contained  entirely  within  the  heated  space. 
The  field  of  view  is  adjusted  entirely  by  moving  the  whole  furnace 
about  on  the  microscope  stage.  With  a  rotating  stage,  the  fur¬ 
nace  can  be  fastened  to  it,  and  moved  with  the  adjustable  spacers. 
The  authors  have  been  studying  soap  systems  which  must  be 
protected  from  the  air  during  heating  and  from  vapor  loss  (7,  8, 
9).  It  has  proved  convenient  to  contain  such  samples  in  sealed, 
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In  some  cases,  where  the  sample  is  spread  over 
a  more  or  less  circular  area,  the  temperature 
homogeneity  may  be  insufficient  for  the  most 
exacting  work.  To  provide  for  such  cases  the 
authors  have  developed  a  modification  of  the 
furnace.  The  necessary  changes  in  construction 
are  indicated  in  Figure  4,  and  the  temperature 
distribution  obtained  is  shown  in  Figure  5. 

In  this  modification  the  bottom  section  is  1 
inch  high.  The  brass  ring  is  9/is  inch  high  and 
is  wrapped  with  two  turns  of  coiled  Nichrome 
wire  instead  of  one,  allowing  for  a  heated  space 
slightly  greater  than  0.5  inch  in  depth.  Homo¬ 
geneity  is  secured  by 
the  use  of  the  stirrer 
blade,  which  is  cut 
out  from  a  piece  of 
sheet  copper,  9/ie  by 
6/s  inch.  Eight 
blades  are  cut  out  as 
shown,  and  bent  so 
as  to  circulate  the  air 
across  the  air  space. 

The  Pyrex  disk 
should  be  cut  to  make 
a  fairly  tight  fit  in 
order  to  prevent  leakage.  The  shaft, 
made  of  l/32-inch  Bessemer  steel  rod, 
is  silver-soldered  to  the  blade.  The 
block  and  the  brass  ring  are  slotted 
to  receive  the  shaft,  so  that  the  blade 
clears  the  top  disk  by  at  least  V32  and 
preferably  Vis  inch.  The  shaft  is 
driven  by  an  air  motor  (Aero-Mix, 

Precision  Scientific  Co.)  which  is  clamped  by  a  brass  block  directly 
to  the  microscope  stage,  so  that  it  is  moved  integrally  with  it.  The 
specimen  is  again  supported  on  a  coil  of  the  thermocouple  wire, 
which  is  stiff  enough  to  be  suspended  as  shown. 
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Figure  5.  Tempera¬ 
ture  Distribution  with 
Modified  Hot  Stage 

1  division  =  1/ic  inch. 
Determined  at  250°  C. 


A  Variable  Pressure  Manostat 

HUGH  B.  DONAHOE,  ROBERT  R.  RUSSELL,  and 
CALVIN  A.  VanderWERF 
University  of  Kansas,  Lawrence,  Kan. 


IT  IS  often  convenient  and  sometimes  necessary  to  reproduce 
or  vary  the  pressure  on  a  given  system.  The  diagram  shows 
an  arrangement  by  which  pressures  may  readily  be  set  at  any 
desired  value  or  varied  continuously,  between  limits  determined 
by  the  efficiency  of  the  pump  and  the  height  of  the  manostat, 
without  removing  the  manostat  from  the  vacuum  line  or  inter¬ 
rupting  the  progress  of  the  distillation. 

Most  vacuum  distillations  are  conducted  within  the  range  from 
1  to  250  mm.  Any  pressure  within  this  range  can  easily  be  ob¬ 
tained  by  using  a  regulator  of  the  Newman  type  ( 1 )  and  inserting 
into  the  system  a  reservoir  of  mercury.  Use  of  ethyl  phthalate 
limits  the  range  but  makes  possible  more  delicate  setting.  The 
height,  H,  of  the  liquid  in  the  manostat  can  be  changed  manually 
during  a  distillation  merely  by  adjustment  of  the  reservoir  (see 
diagram) .  A  stopcock  placed  below  the  reservoir  may  be  used  to 
assure  a  constant  head  after  setting.  The  entire  assembly  can  be 
blown  to  order,  but  it  is  possible  to  make  a  very  creditable  model 
from  a  drying  column. 

Pressures  above  250  mm.  can  be  obtained  by  placing  in  series 
with  the  manostat  described  above  two  ordinary  Newman 
regulators  filled  to  the  250-mm.  level.  If  the  stopcocks  are  set  so 
that  both  these  regulators  are  by-passed,  the  range  will  be  as 
stated  above.  With  one  tube  cut  in  the  range  will  be  250  to  500 
mm.;  with  both,  500  to  750  mm. 


A.  To  pump 

B.  To  system 


In  the  authors’  opinion  such  an  apparatus  provides  a  more  in¬ 
expensive  and  convenient  method  for  checking  boiling  points  at 
the  pressures  recorded  in  the  literature  than  any  heretofore 
described.  The  manostat  has  proved  especially  useful  in  the 
fractional  distillation  of  mixtures  when  it  is  advantageous  to 
distill  the  various  components  under  successively  lower  pres¬ 
sures. 
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Improved  Adsorption  Vessel 


ROBERT  B.  ANDERSON 

Central  Experiment  Station,  Bureau  of  Mines,  Pittsburgh,  Pa. 


IN  THE  study  of  metal-oxide  catalysts  such  as  used  in  the 
Fischer-Tropsch  process  by  low-temperature  adsorption  iso¬ 
therms,  it  is  desirable  to  reduce  the  catalyst  in  the  adsorption 
vessel  and  to  determine  the  weight  loss  upon  reduction.  The 
adsorption  vessel 


shown  in  Figure  1 
has  proved  conven¬ 
ient  in  such  studies. 
It  is  small  and  light 
enough  to  be  weighed 
in  an  analytical  bal¬ 
ance. 


The  absorption 
vessel  consists  of  a 
catalyst  chamber  and 
a  special  four-way 
stopcock.  The  bores 
of  the  stopcock  plug 
are  arranged  so  that 
both  are  open  in  the 
position  shown,  while 
at  an  angle  of  180° 
from  this  position 
only  the  right  bore 
is  open.  The  stop¬ 
cock  plug  is  of  hol¬ 
low  blown  construc¬ 
tion,  and  the  diam¬ 
eters  of  bores  and 
capillary  tubing  are 
2  mm.  The  cata¬ 
lyst  chamber  is  made 
just  large  enough 
to  accommodate  the 
sample  required,  usu¬ 
ally  1  to  2  cc.  The 
catalyst  chamber  is 
provided  with  a  tube 
for  charging  and  a 
thermocouple  well. 
The  tubes  leading  to 
the  stopcock  contain 


loosely  packed  wads  of  glass  wool  to  prevent  the  catalyst  from 
blowing  out  of  the  chamber.  The  adsorption  vessel  is  connected 
to  the  adsorption  or  reduction  systems  by  a  10/30  capillary  f 
ground-glass  joint. 

With  the  four-way  stopcock  the  sample  can  be  connected  to 
the  system  for  adsorption  or  evacuation  with  one  bore  open,  and 
with  both  bores  open  a  stream  of  hydrogen  can  be  passed  over 
the  catalysts.  The  sample  of  catalyst  usually  is  weighed  in  the 
adsorption  vessel  before  the  charge  tube  is  sealed.  After  sealing 
all  weighings  are  performed  with  the  vessel  evacuated.  Fresh 
samples  are  evacuated  for  an  hour  at  125°  C.  to  remove  water 
and  other  vapors  that  are  held  physically.  The  catalyst  chamber 
is  placed  in  a  furnace  in  a  horizontal  position  to  avoid  heating 
the  stopcock. 


Usually  nitrogen  adsorption  isotherms  at  — 195°  C.  were  deter¬ 
mined  on  the  sample  before  and  after  reduction,  and  in  some  in¬ 
stances  several  isotherms  were  run  during  the  course  of  reduction. 
With  this  adsorption  vessel  it  also  will  be  possible  to  study  the 
effects  of  treatment  of  the  catalyst  with  gases  other  than  hydro¬ 
gen,  such  as  synthesis  gas  or  carbon  monoxide,  on  the  surface 
area  and  pore  structure,  and  to  determine  the  weight  loss  of  the  ad¬ 
sorbent  upon  evacuation. 


ACKNOWLEDGMENT 


Acknowledgment  is  made  to  Martin  Michael  for  preparation  of 
the  drawing.  The  special  stopcock  was  made  by  Eck  &  Krebs. 


Published  by  permission  of  the  Director,  Bureau  of  Mines,  U.  S.  Depart¬ 
ment  of  the  Interior. 


156 


INDUSTRIAL  and  ENGINEERING  CHEMISTRY 


PUBLISHED  BY 

THE  AMERICAN  CHEMICAL  SOCIETY 


Determination  of  the  Boiling  Range  of 
Chlorinated  Hydrocarbons 

DWIGHT  WILLIAMS,  Research  Department,  Westvaco  Chlorine  Products  Corporation,  South  Charleston,  W.  Va. 


A  study  of  the  factors  that  affect  precision  in  the  determination  of 
distillation  temperatures  of  chlorinated  hydrocarbons  showed  that 
thermometer  calibration  errors  cause  some  variation.  The  effect  of 
variations  in  atmospheric  conditions,  such  as  the  ambient  temperature 
and  drafts,  Is  appreciable.  The  rate  of  distillation  is  important  in 
some  cases.  The  most  important  single  factor  is  superheating  of 
vapor.  Because,  over  limited  ranges,  distillation  temperatures  are 
linear  functions  of  the  composition,  it  is  possible  to  determine  the 
composition  of  most  binary  mixtures  and  some  ternary  mixtures  by 
this  method. 

SEVERAL  years  ago  this  corporation  initiated  a  study  of  the 
determination  of  boiling  ranges  of  relatively  pure  commercial 
solvents  such  as  carbon  tetrachloride  and  trichloroethylene.  A 
study  of  the  effect  of  numerous  impurities  on  the  boiling  range  of 
pure  solvents  showed  that,  over  limited  ranges,  distillation  tem¬ 
peratures  were  linear  functions  of  the  composition.  Thus,  it  is 
possible  to  determine  the  composition  of  most  binary  mixtures 
and  some  ternary  mixtures  very  simply  from  distillation  tem¬ 
peratures. 

A  study  of  the  precision  of  the  determination  of  distillation 
temperatures  showed  that  it  was  possible  to  estimate  relatively 
small  concentrations  of  impurities  from  such  data.  However, 

:  the  precision  was  far  poorer  than  the  precision  with  which  a 
mercury-in-glass  thermometer  may  be  read.  This  led  to  a  study 
of  the  factors  which  affect  precision.  Thermometer  calibration 
errors  caused  some  variation.  A  relatively  simple  piece  of  equip¬ 
ment  was  buitt  for  calibrating  boiling  range  thermometers.  The 
effect  of  variations  in  atmospheric  conditions,  such  as  the  ambient 
temperature  and  drafts,  was  studied  and  was  shown  to  be  ap¬ 
preciable,  at  least  under  extreme  conditions.  The  rate  of  dis¬ 
tillation  was  shown  to  be  important  in  the  case  of  some  solvents, 
but  not  others. 

The  most  important  single  factor  contributing  to  lack  of  pre- 
j  cision  is  probably  superheating  of  the  vapor.  While  no  satis¬ 
factory  solution  to  this  problem  has  been  found,  it  is  still  under 
investigation  and  it  is  planned  to  make  this  the  subject  of  a  sub¬ 
sequent  paper.  It  is  believed  that  the  present  paper  will  prove 
of  some  interest,  since  methods  of  this  type  are  in  general  use  for 
’  testing  the  purity  of  fluids. 

I  APPARATUS 

The  shield,  condenser,  distilling  flask,  and  graduate  are  those 
specified  in  A.S.T.M.  Designation  D86-38  for  the  determination 
of  the  boiling  range  of  gasoline.  The  following  apparatus  differs 
from  that  specified  in  the  A.S.T.M.  method: 

Heater.  The  heater  sold  under  the  trade  name  Ful-Kontrol 
is  used.  The  upper  refractory  is  1.9  cm.  (0.75  inch)  thick  and 
has  a  2.5-cm.  (1-inch)  hole  in  the  center.  The  refractory  is  used 
plane  side  up. 

Thermometer.  Precision  grade,  length  40  cm.  (16  inches), 
scale  23.8  cm.  (9.5  inches),  immersion  10  cm.  (4  inches)  including 
|  bulb  1.9  cm.  (0.75  inch)  in  length.  Scale  starts  2.5  cm.  (1  inch) 


above  line  of  immersion,  expansion  chamber  above  bulb  and  above 
column,  distance  from  bottom  of  bulb  to  top  of  lower  expansion 
chamber  not  over  3.8  cm.  (L.5  inches),  scale  40°  C.  in  0.1°  C.  divi¬ 
sions.  Thermometers  conforming  to  these  specifications  and 
covering  any  desired  range  may  be  purchased  from  Taylor  Instru¬ 
ment  Companies  on  special  order.  The  thermometers  are  cali¬ 
brated  at  the  boiling  point  of  each  fluid  with  which  they  are  used, 
according  to  the  procedure  described  below. 

Thermometer  Reader.  Central  Scientific  Company  Catalog 
19,520  or  its  equivalent. 

PROCEDURE 

The  heater  is  clamped  into  the  position  in  which  it  is  to  be 
used  during  the  distillation.  A  tight  connection  is  made  by  means 
of  a  cork  between  the  vapor  tube  of  the  flask  and  the  condenser 
tube.  The  flask  is  adjusted  so  that  its  outlet  extends  into  the 
condenser  tube  2.5  to  5  cm.  (1  to  2  inches).  The  thermometer, 
provided  with  a  cork,  is  tightly  fitted  into  the  flask,  so  that  it  is 
in  the  middle  of  the  neck  of  the  flask  and  the  top  of  the  expansion 
chamber  is  level  with  the  inside  of  the  bottom  of  the  outlet  tube 
at  its  junction  with  the  neck  of  the  flask.  The  immersion  mark 
should  be  close  to  the  bottom  of  the  cork.  Water  at  approxi¬ 
mately  room  temperature  is  allowed  to  circulate  through  the 
bath. 

The  heater  is  turned  on  long  enough  before  starting  the  dis¬ 
tillation  to  maintain  a  constant  rate  of  distillation.  The  heater 
must  be  turned  on  at  the  voll  age  at  which  it  is  to  be  used  for  at 
least  an  hour,  or  for  a  shorter  time  at  a  higher  voltage,  before 
starting  the  distillation.  The  voltage  required  to  give  a  constant 
rate  of  distillation  of  5  to  6  ml.  per  minute  is  determined  empiri¬ 
cally  for  each  fluid. 

A  100-ml.  sample,  which  is  approximately  at  room  tempera¬ 
ture,  is  measured  in  a  dry,  100-ml.  graduated  cylinder  and  trans¬ 
ferred  to  the  dry  distillation  flask.  The  thermometer  is  placed  in 
the  charged  flask  and  the  flask  is  fitted  to  the  condenser.  The 
flask  must  be  carefully  fitted  onto  the  hole  in  the  refractory  of 
the  heater.  The  graduated  cylinder  is  placed  without  drying 
under  the  outlet  of  the  condenser. 

The  temperature  is  read  and  the  time  recorded  when  the  first 
drop  falls  into  the  graduated  receiver.  The  receiver  is  then 
moved  so  that  the  tip  of  the  condenser  touches  the  side  of  the 
receiver.  The  temperature  is  read  when  the  volume  in  the  gradu¬ 
ate  reaches  5  ml.  and  95  ml.,  and  when  the  distilling  flask  just 
goes  dry.  All  temperature  readings  are  made  by  means  of  the 
thermometer  reader  and  are  recorded  to  the  nearest  0.0 1  °  C.  The 
time  is  recorded  at  the  dry  point.  The  time  between  the  first  drop 
and  the  dry  point  should  be  between  17  and  20  minutes. 

The  barometer  and  the  temperature  alongside  are  read  during 
the  course  of  the  distillation.  The  pressure  is  corrected  for  brass 
scale  as  follows: 

P0  =  pt  _  (t  X  Pt  X  0.000160) 

where  Po  is  the  barometric  pressure  in  millimeters  of  mercury  at 
0°  C.  and  P(  is  the  pressure  at  temperature  t.  The  distillation 
temperatures  are  corrected  to  760-mm.  pressure  as  follows: 

Tm  =  Tou.  +  dT/dP  (760  -  Po) 

where  Tu o  and  Tou.  are  the  corrected  and  observed  distillation 
temperatures,  respectively. 

These  formulas  may  be  simplified  in  a  given  laboratory  in  the 
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Table  I.  Precision  of  Boiling  Range  of  Carbon  Tetrachloride  under 

Best  Conditions 

Temperature,  °  C. 


Test 

No. 

First 

drop 

5  ml. 

95  ml. 

Dry 

Range 

1 

76.58 

76.71 

76.80 

76.89 

0.31 

2 

76.58 

76.73 

76.80 

76.88 

0.30 

3 

76.56 

76.72 

76.80 

76.90 

0.34 

4 

76.58 

76.73 

76.80 

76.90 

0.32 

5 

76.56 

76.71 

76.79 

76.84 

0.28 

6 

76.58 

76.72 

76.80 

76.87 

0.29 

7 

76.53 

76.69 

76.78 

76.87 

0.34 

8 

76.59 

76.72 

76.79 

76.86 

0.27 

9 

76.57 

76.72 

76.79 

76.87 

0.30 

10 

76.56 

76.72 

76.79 

76.83 

0.27 

Av. 

76.57 

76.72 

76.80 

76.87 

0.30 

<j\  of  group 

±0.016 

±0.011 

±0.008 

±0.022 

±0.024 

L  Ui  of  method 

±0.054 

±0.036 

±0.024 

±0.072 

±0.081 

interest  of  expediting  routine  ’  work.  The  following  simplified 
formulas  are  used  in  this  laboratory: 

Po  =  P,  -  (t  X  0.122) 

Tt6»  =  Toba.  +  f  (760  -  Po) 

The  factor/ is  0.044°  C.  per  millimeter  for  carbon  tetrachloride. 

Finally,  the  thermometer  calibration  correction  is  added. 

MATERIALS 

With  few  exceptions  the  materials  used  in  this  work  were  the 
normal  commercial  products.  It  was  assumed  that  a  product  of 
sufficient  purity  was  being  used  when  the  specific  gravity  and  the 
boiling  point  agreed  closely  with  the  accepted  value  found  in  the 
literature.  In  case  the  normal  commercial  product  was  not  suffi¬ 
ciently  pure,  a  selected  product  was  obtained  or  the  material  was 
purified  by  rectification  in  the  laboratory. 

EXPERIMENTAL 

Precision.  The  precision  of  the  boiling  range  method  as 
applied  to  a  number  of  fluids  was  determined  according  to  the 
procedure  outlined  by  Moran  (3).  Data  for  a  typical  solvent, 
commercial  carbon  tetrachloride,  are  shown  in  Tables  I  and  II. 
As  was  pointed  out  by  Moran,  the  high  ratios  of  LUz'.LUi  (limit 
of  uncertainty  under  routine  conditions  to  limit  of  uncertainty 
under  the  best  conditions)  indicates  a  method  having  consider¬ 
able  personal  and  seasonal  variations.  Nevertheless,  these  data 
are  useful  in  estimating  the  precision  within  which  impurities  in 
carbon  tetrachloride  and  other  solvents  may  be  determined  from 
boiling  range  data. 


Figure  1.  Effect  of  Chloroform  on  Boiling  Range  of  Trichloro¬ 
ethylene 
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Effect  of  Impurities.  The  boiling  ranges  of  trichloroethyl¬ 
ene  to  which  known  amounts  of  chloroform  have  been  added  are 
shown  in  Figure  1.  These  data  are  typical  of  those  obtained  for 
binary  mixtures.  By  plotting  the  temperature  of  the  5-ml.  point 
against  concentration  it  can  be  shown  that  the  chloroform  con¬ 
centration  over  the  range  0  to  16  volume  per  cent  is  given  by: 

c  =  2.39  (86.93  -  t) 

where  c  is  the  concentration  in  volume  per  cent  and  t  is  the  tem¬ 
perature  in  °  C.  The  LU\  of  the  5-ml.  temperature  for  trichloro¬ 
ethylene  is  =*=0.036°  C.  and  the  LTJt  =*=0.11°  C.  Thus,  under 
the  best  conditions,  it  would  be  possible  to  determine  the  con¬ 
centration  of  chloroform  in  trichloroethylene  within  =*=0.09%,  } 
while  under  routine  conditions  the  concentration  of  this  impurity 
could  be  determined  within  =*=0.26%. 

Data  for  the  calculation  of  a  number  of  impurities  in  different 
solvents  are  summarized  in  Table  III.  The  carbon  tetrachloride 
which  was  used  in  obtaining  these  data  was  the  commercial  prod¬ 
uct,  since  the  boiling  range  data  showed  this  product  to  be  pure 
within  the  precision  of  the  method.  The  trichloroethylene, 
perchloroethylene  (tetrachloroethylene),  and  acetylene  tetra¬ 
chloride  (1,1,2,2-tetrachloroethane)  were  rectified  to  obtain  mate¬ 
rials  having  narrow  boiling  ranges.  The  purities  of  the  trichloro¬ 
ethylene  and  perchloroethylene  were  comparable  to  that  of  the 
carbon  tetrachloride.  The  acetylene  tetrachloride  was  somewhat 
less  pure,  the  boiling  range  from  the  5-ml.  point  to  the  dry  point 
being  0.8°  C. 

The  concentrations  of  all  low-boiling  impurities  were  calculated 
from  the  temperature  at  the  5-ml.  point,  while  the  concentra¬ 
tions  of  high-boiling  impurities  were  calculated  from  the  tem¬ 
perature  at  the  dry  point.  Low-boiling  impurities  have  a  some¬ 
what  greater  effect  on  the  first-drop  temperature  than  on  the 
temperature  at  the  5-ml.  point,  but  the  precision  of  the  latter  tem¬ 
perature  is  greater  than  that  of  the  former,  and  in  general  more 
than  compensates  for  the  lower  slope  of  the  temperature-com¬ 
position  curve.  For  example,  the  LU2  of  the  first-drop  tempera¬ 
ture  of  trichloroethylene  is  three  times  that  of  the  LU2  of  the  5-ml. 
point.  In  determining  chloroform  in  trichloroethylene,  the  slope 
of  the  temperature-composition  curve,  expressed  in  degrees  per 
per  cent,  is  twice  as  large  for  the  first  drop  as  for  the  5-ml.  point. 
In  the  determination  of  ethylene  dichloride  (1,2-dichloroethane) 
in  trichloroethylene  it  is  1.4  times  as  great.  It  is  seen  that  the 
increase  in  slope  does  not  compensate  for  the  reduced  precision. 
A  further  indication  of  the  relative  precision  is  a  greater  scatter- 


Table  II.  Precision  of  Boiling  Range  of  Carbon  Tetrachloride  under 
Routine  Conditions 


Temperature,  0  C. 


Date 

Analyst 

First 

drop 

5  ml. 

95  ml. 

Dry 

Range 

Jan. 

1 

76.60 

76.72 

76.83 

76.91 

0.31 

1 

76.56 

76.78 

76.84 

76.96 

0.40 

Feb. 

2 

76.64 

76.79 

76.88 

76.99 

0.35 

2 

76.64 

76.81 

76.90 

77.00 

0.36 

March 

1 

76.63 

76.75 

76.83 

76.90 

0.27 

1 

76.63 

76.75 

76.87 

76.94 

0.31 

April 

3 

76.57 

76.68 

76.79 

76.86 

0.29 

3 

76.56 

76.68 

76.78 

76.86 

0.30 

May 

1 

76.52 

76.79 

76.89 

77.01 

0.49 

1 

76.43 

76.78 

76.89 

76.99 

0.56 

1 

76.58 

76.76 

76.83 

76.90 

0.32 

June 

3 

76.61 

76.78 

76.85 

76.90 

0.29 

3 

76.61 

76.79 

76.85 

76.90 

0.30 

July 

1 

76.54 

76.81 

76.87 

76.94 

0.40 

1 

76.55 

76.80 

76.87 

76.92 

0.37 

Aug. 

4 

76.60 

76.78 

76.85 

76.92 

0.32 

4 

76.55 

76.77 

76.82 

76.90 

0.35 

Sept. 

4 

76.59 

76.77 

76.83 

76,88 

0.29 

4 

76.58 

76.76 

76.82 

76.89 

0.31 

Oct. 

5 

76.55 

76.71 

76.77 

76.83 

0.28 

5 

76.64 

76.76 

76.86 

76.88 

0.24 

Nov. 

5 

76.60 

76.73 

76.80 

76.86 

0.26 

5 

76.62 

76.77 

76.82 

76.88 

0.26 

Dec. 

6 

76.50 

76.76 

76.85 

76.92 

0.42 

6 

76.60 

76.75 

76.81 

76.88 

0.28 

Av. 

76.58 

76.76 

76.84 

76.91 

0.33 

<T2  of  group 

=±=0.05 

±0.035 

±0.035 

±0.05 

±0.075 

LU 2  of  group 

±0.15 

±0.11 

±0.11 

±0.15 

±0.23 

Ratio  LUf.LVi 

3.0 

2.8 

5.5 

2.1 

2.9 
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Table  III.  Calculation  of  Impurities  in  Solvents  from  Boiling  Range  Data 

Substance 

Impurity 

Equation 

Range® 

LUi 

LUi 

% 

0  C. 

0  C. 

ecu 

(1,2)  C2H4CI2 

C 

a= 

8  (76.72  -  <) 

0  to  2 

±0.036 

±0.11 

CCL 

C2HCI3 

c 

= 

2.56  (i  -  76.87) 

0  to  1 

±0.072 

±0.15 

ecu 

C2CI4 

c 

= 

0.077  (i  -  76.87) 

0  to  1.6 

±0.072 

±0.15 

ecu 

C2CU 

c 

r= 

0.031  (i  -  76.87) 

0  to  0 . 02 

±0.072 

±0.15 

CsHCls 

CHCI3 

c 

= 

2.39  (86.93  -  i) 

0  to  1 . 6 

±0.036 

±0.11 

C2HCI3 

(1,2)  C2H4CI2 

c 

= 

5.71  (86.93  -  t) 

0  to  4 

±0.036 

±0.11 

C2HCI3 

C2CI4 

c 

= 

0.187  (t  -  87.05) 

0  to  1 

±0 . 087 

±0.17 

C2CL 

CCl4 

c 

= 

1.26  (121.08  -  t ) 

0  to  1 

±0.02 

C2CI. 

C2HCI3 

c 

sss 

1.70  (121.08  -  () 

0  to  4 

±0.02 

C2CL 

C2HCI5 

c 

=3 

0.140  (t  -  121.34) 

0  to  3 

±0.05 

C2C1< 

C2CI6 

c 

= 

0.069  (t  -  121.34) 

0  to  2 

±0.05 

1,2,2)  C2H2CL 

(1,2)  C2H4CI2 

c 

= 

0.71  (145.5  -  t ) 

0  to  2 

1,2,2)  C2H2CL 

C2HCI5 

c 

= 

1.33  (i  -  146.3) 

0  to  8 

1,2,2)  C2H2CL 

C2CL 

c 

= 

0.22  (f  -  146.3) 

0  to  4 

“  Liquid  impurities  in  volume  % ;  solids  in  weight  %. 


I 


ing  of  the  points  when  the  temperature-composition  curve  is 
plotted  for  the  first  drop  than  when  it  is  obtained  for  the  5-ml. 
point.  The  precision  of  the  measurement  of  the  dry-point  tem¬ 
perature  is  normally  slightly  poorer  than  that  of  the  95-ml.  tem¬ 
perature,  but  this  slight  decrease  in  precision  only  partially  off¬ 
sets  the  greater  slope  in  the  temperature-composition  curve. 

The  ranges  over  which  linear  equations  apply  are  shown  in 
Table  III.  For  the  mosi  part,  linear  equations  applied  over  the 
entire  range  tested  and  presumably  over  even  wider  ranges. 

In  general,  one  impurity,  if  present  in  significant  amounts, 
affects  the  entire  boiling  range.  Thus,  the  boiling  range  method 
is  generally  applicable  only  for  the  analysis  of  binary  mixtures. 
For  example,  the  presence  of  chloroform,  ethylene  dichloride,  or 
acetylene  tetrachloride  in  carbon  tetrachloride  prevents  the 
quantitative  determination  of  any  of  the  others.  Chloroform  or 
athylene  dichloride  may,  on  the  other  hand,  be  present  in  tri¬ 
chloroethylene  without  interfering  with  the  determination  of 
iaigh-boiling  impurities.  Ethylene  dichloride  does  not  interfere 
vith  the  recovery  of  either  pentachloroethane  or  hexachloro- 
cthane  from  acetylene  tetrachloride,  nor  do  either  of. the  latter 
nterfere  with  the  former  over  the  ranges  given  in  Table  III. 

In  general,  commercial  products  contain  both  low-boiling  and 
ingh-boiling  impurities  and  the  identity  of  the  impurities  may  not 
oe  known.  While  the  boiling  range  cannot  be  used  for  either  the 
qualitative  or  the  quantitative  analysis  of  such  fluids,  it  is  useful 
in  indicating  the  presence  of  both  low-boiling  and  high-boiling 
mpurities.  Further,  an  indication  of  the  difference  between  the 
ooiling  point  of  the  main  component  and  that  of  the  impurity  can 
be  obtained  from  the  rate  of  change  of  temperature  with  respect 
to  the  volume.  Possibly  the  most  useful  application  of  the 
method  is  in  the  study  of  intermediates.  It  may  be  applied  to 
supplement  specific  gravity  and  refractive  index  data  for  the 
analysis  of  complex  mixtures.  As  is  shown  in  Table  II,  very  small 
concentrations  of  impurities  can  be  detected  from  boiling-range 
lata  in  case  of  compounds  which  have  a  substantial  difference  in 
boiling  points  and  even  when  the  difference  in  boiling  points  is 
relatively  small  the  method  is  reasonably  sensitive.  The  smallest 
difference  in  boiling  points  is  that  between  trichloroethylene  and 
ethylene  dichloride  (4°  C.).  The  data  show  that  ethylene  di¬ 
chloride  may  be  detected  in  trichloroethylene  in  concentrations 
is  small  as  0.5%.  Where  a  wide  difference  exists  between  the 
ooiling  points,  as  in  the  case  of  hexachloroethane  in  carbon  tetra¬ 
chloride,  concentrations  as  small  as  0.005%  may  be  detected. 

Calibration  of  Thermometers.  A  coaxial  constant-tem- 
oerature  bath  similar  to  that  used  by  the  National  Bureau  of 
Standards  ( 1 )  was  constructed  for  the  calibration  of  thermom¬ 
eters.  The  bath  consisted  of  a  25  X  45  cm.  (10  X  18  inch)  Pyrex 
ar.  The  sides  were  covered  with  a  3.8-cm.  (1.5-inch)  layer  of 
Fiberglas  insulation  and  the  bottom  with  a  5-cm.  (2-inch)  layer 
)f  magnesia.  The  cover  consisted  of  two  circles  of  0.6-cm.  (0.25- 
nch)  Transite  bolted  together,  one  circle  fitting  inside  and  one 
rutside  the  glass  jar.  The  cover  was  split  for  convenience  and 
dots  were  cut  in  it  for  insertion  of  the  stirrer,  heater,  and  ther¬ 
mometers.  The  inside  cylinder  was  a  7.5-cm.  (3-inch)  metal 
mbe.  The  heat  input  was  controlled  by  means  of  a  Variac.  A 


temperature  of  85°  C.  could  be  maintained  with  a 
heat  input  of  about  80  watts. 

The  standard  thermometers  were  purchased  from 
Taylor  Instrument  Companies,  Rochester,  N.  Y., 
under  the  following  specifications:  precision  grade, 
length  45  cm.  (18  inches),  total  immersion,  with  ice 
point,  expansion  chamber  at  top  of  column,  length 
of  scale  30  cm.  (12  inches),  range  40°  C.  in  0.1°  C. 
divisions.  The  manufacturer  supplied  a  laboratory 
test  certificate  with  each  thermometer  at  the  ice 
point  and  each  5°  C.  The  ice  points  were  checked 
prior  to  use.  These  thermometers  were  subsequently 
calibrated  by  the  Bureau  of  Standards. 

The  following  procedure  was  used  for  the  cali¬ 
bration:  The  bath  was  adjusted  to  the  temperature 
at  which  the  calibrations  were  to  be  made.  The 
standard  thermometers  were  placed  in  the  bath  with 
2.5°  C.  emergent  stem  measured  to  the  center  of  the 
cover.  The  distillation  thermometers  (several  were 
calibrated  simultaneously)  were  adjusted  to  their  immersion 
marks.  The  heat  input  to  the  bath  was  adjusted  by  means  of  the 
Variac,  so  that  the  temperature  rose  0. 1  °  to  0.2  °  C.  during  the  time 
required  to  make  a  set  of  readings,  which  was  about  10  minutes. 
The  thermometers  were  then  read  in  rotation  beginning  with  the 
standard.  Two  laboratory-grade  thermometers,  which  were 
used  to  measure  the  stem  temperatures  of  the  standard  and  dis¬ 
tillation  thermometers,  respectively,  were  then  read,  after  which 
the  series  was  read  in  the  reverse  order.  This  cycle  was  repeated 
five  times,  making  a  total  of  ten  readings  for  each  thermometer. 
The  average  of  the  ten  readings  was  calculated  for  each  ther¬ 
mometer.  This  average  for  the  standard  was  corrected  for 
emergent  stem  (about  0.03°  C.)  and  for  the  calibration  correction 
given  by  the  manufacturer.  The  difference  between  this  tem¬ 
perature  and  the  average' temperature  calculated  for  the  distilla¬ 
tion  thermometer  is  the  calibration  correction  for  the  latter. 

Thermometers  were  calibrated  at  the  boiling  points  of  the  fluids 
with  which  they  were  to  be  used.  The  maximum  calibration 
error  observed  was  0.17°  C.  The  precisions  of  the  calibrations 
were  checked  under  actual  working  conditions  by  making  dis¬ 
tillation  ranges.  The  distillation  ranges  for  carbon  tetrachloride, 
using  calibrated  thermometers,  are  shown  in  Table  IV.  Slight 
differences  are  indicated  between  the  several  calibrated  ther¬ 
mometers.  These  data  were  taken  over  a  period  of  several  weeks 
by  one  person.  The  precision  of  the  entire  series  falls  between 
the  LU\  and  LUi  values  given  in  Tables  I  and  II.  A  precision 
of  this  order  of  magnitude  is  to  be  expected  under  these  conditions. 
It  is  therefore  improbable  that  there  is  any  significant  difference 
between  the  distillation  temperatures  given  by  the  calibrated 
thermometers. 

Variations  in  the  emergent  stem  temperature  will  cause  signifi¬ 
cant  errors  in  apparent  distillation  temperatures.  The  tem¬ 
perature  of  the  midpoint  of  the  emergent  stem  during  the  cali¬ 
bration  of  thermometers  at  the  boiling  point  of  trichloroethylene 
was  approximately  10°  C.  above  that  of  the  room.  The  tem¬ 
perature  of  the  midpoint  of  the  emergent  stem  during  distillation 
varied  from  10°  to  20°  C.  above  that  of  the  room.  Seasonal 


Table  IV.  Distillation  Ranges  of  Carbon  Tetrachloride  Using 
Calibrated  Thermometers 


Calibration 

Temperature,  0  C. 

Thermometer 

Correction, 

First 

No. 

0  C. 

drop 

5  ml. 

95  ml. 

Dry 

1,977,258 

-0.09 

76.42 

76.61 

76.70 

76.77 

-0.09 

76.41 

76  61 

76.70 

76.73 

2,172,778 

-0.17 

76.41 

76  62 

76  70 

76.76 

-0.17 

76.41 

76  61 

76.67 

76.74 

1,977,259 

-0.09 

76.39 

76  61 

76.69 

76.77 

-0.09 

76.41 

76  60 

76.69 

76.78 

2,284,595 

-0.13 

76.43 

76  65 

76.73 

76.76 

-0.13 

76.44 

76  65 

76  72 

76.77 

-0.13 

76.47 

76.66 

76  72 

76.77 

5,677 

-0.05 

76.44 

76  65 

76  73 

76.79 

-0.05 

76.45 

76  65 

76.72 

76.80 

-0  05 

76.36 

76  66 

76.74 

76.83 

5,678 

-0.02 

76.43 

76  65 

76  71 

76.79 

-0.02 

76.40 

76  64 

76  72 

76.81 

5,679 

-0.08 

76.43 

76.68 

76  74 

76.83 

-0.08 

76.43 

76.66 

76  75 

76.83 

5,680 

-0.05 

76.39 

76.67 

76.74 

76.82 

-0.05 

76.40 

76.67 

76.74 

76.83 
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variations  in  room 
temperature  of 
15°  C.  are  not 
uncommon. 

Thus,  the  tem¬ 
perature  of  the 
emergent  stem 
during  use  may 
differ  by  25°  C.  o 

from  that  during 
calibration.  The  e 

emergent  stem  of  h 

the  particular 
thermometer  ^ 

whichwasused  £ 

for  this  work 
(range  70°  to 
110°C.)  measured 
about  20  °  C.  dur¬ 
ing  the  distillation 
of  trichloroethyl¬ 
ene.  Thus,  errors 
up  to  0.08  °  C.  F.gurc 

may  result  from 
this  cause.  If  the 
top  of  the  scale 
were  used,  this  error  would  be  twice  this  value.  For  the  highest 
precision  both  the  calibration  and  the’  distillation  temperature 
must  be  corrected  to  f  he  same  emergent  stem  temperature.  Since, 
however,  this  correction  is  subject  to  considerable  uncertainty, 
the  most  precise  results  would  be  obtained  by  using  a  thermom¬ 
eter  with  a  shorter  range,  say  10°  C. 

Effect  of  Conditions.  From  Figure  2  it  is  seen  that  the 
rate  of  distillation  has  a  marked  effect  on  the  distillation  tem¬ 
peratures  of  trichloroethylene.  It  was  found  that  the  rate  has  a 
significant  but  less  pronounced  effect  on  the  distillation  tempera¬ 
tures  of  perchloroethylene,  but  it  has  no  detectable  effect  on  the 
distillation  temperatures  of  carbon  tetrachloride.  Thus  it  ap¬ 
pears  that  the  rate  has  a  marked  effect  on  some  fluids  and  none 
whatever  on  others.  In  general  it  is  desirable  to  maintain  the 
rate  as  nearly  constant  as  possible.  It  is  considered  practical  to 
maintain  the  rate  constant  within  a  range  of  about  1  ml.  per 
minute.  A  rate  of  5  to  6  ml.  per  minute  was  chosen  in  order  to 
complete  the  analysis  as  rapidly  as  possible.  To  ensure  that  this 
rate  is  maintained,  it  is  necessary  that  the  time  of  the  first  drop 
and  the  dry  point  be  recorded.  No  attempt  is  made  to  control 
the  time  between  the  application  of  heat  and  the  first  drop,  since 
this  is  automatically  controlled  by  the  heat  input  required  to 
maintain  the  desired  rate. 

The  shield  which  is  specified  in  the  A.S.T.M.  method  for  the 
distillation  of  gasoline  was  normally  used  during  this  work.  The 
temperature  inside  the  shield  was  substantially  above  that  of  the 
room,  owing  to  heat  radiated  from  the  distillation  heater.  Calcu¬ 
lation  showed  that  the  efficiency  of  the  heater  was  only  about 
8%,  the  remaining  92%  of  the  heat  serving  to  raise  the  tempera¬ 
ture  of  the  surrounding  atmosphere. 


perature  at  95-ml.  point  and  the  dry  point  to  2&and  5°  C.,  re 
spectively. 

The  effect  of  drafts  was  greatly  exaggerated  by  removing  th 
shield  and  directing  a  fan  on  the  distillation  flask.  This  pro 
cedure  reduced  the  rate  of  distillation  to  2  ml.  per  minute  ii 
spite  of  the  fact  that  the  heat  input  was  more  than  doubled 
Except  for  the  high  dry  point,  the  distillation  temperatures  wen 
not  affected.  This  experiment  was  repeated  except  that  the  in 
sulated  flask  described  above  was  used.  A  normal  boiling  rangi 
was  obtained  under  these  conditions. 

From  these  data  it  appears  extremely  doubtful  whether  th< 
drafts  which  are  normally  present  in  the  laboratory  will  have  anj 
significant  effect  on  the  boiling  range  of  relatively  pure  liquids 
such  as  those  tested  in  this  work,  even  though  the  A.S.T.M 
shield  were  omitted.  Superheating  of  the  vapors  by  the  radian! 
energy  lost  from  the  heater  occurs  to  a  substantial  degree  and  is 
magnified  by  any  device  which  encloses  the  distillation  flask 
within  the  same  space  occupied  by  the  heater.  While  it  cannot 
be  definitely  concluded  that  the  shield  is  harmful,  it  appears 
extremely  doubtful  whether  it  serves  any  useful  purpose.  It 
appears  probable  that,  if  the  elimination  of  the  effect  of  atmos¬ 
pheric  conditions  is  necessary,  it  should  be  done  by  insulating 
the  flask  and  not  by  enclosing  the  flask  and  heater  within  a  shield. 

The  author  recognizes  that  this  and  perhaps  other  conclusions 
drawn  from  this  work  are  contrary  to  commonly  accepted  beliefs 
and  are  apt  to  arouse  controversy.  Such  conclusions  cannot 
be  considered  as  final,  but  if  they  serve  to  stimulate  further  in¬ 
vestigation  their  purpose  will  have  been  served. 

Since  the  most  serious  error  is  caused  by  the  very  low  efficiency 
of  the  heater,  the  most  promising  method  for  improving  the  pro¬ 
cedure  would  involve  the  design  of  a  more  efficient  heater.  Some 
work  has  been  done  along  this  line  but  a  satisfactory  solution  has 
not  been  obtained  to  date.  Formed-in-place  heaters  similar  to 
those  described  by  Krantz  and  Hufferd  (2)  were  built  to  fit  a 
100-ml.  distillation  flask.  Heaters  of  this  design  6.25  cm.  (1.5 
inches)  in  diameter  appear  to  have  entirely  eliminated  super¬ 
heating.  Heaters  of  larger  diameter  cause  superheating.  That 
superheating  is  eliminated  is  shown  by  the  following  facts: 

Using  formed-in-place  heaters,  the  rate  has  no  effect  on  the  dis¬ 
tillation  temperatures  of  trichloroethylene  and  the  range  of  dis¬ 
tillation  temperatures  from  the  first  drop  to  the  dry  point  is  less 
than  that  which  was  obtained  at  the  lowest  rate  at  which  the 
Ful-Kontrol  heater  was  used.  The  Ful-Kontrol  heater  causes 
superheating  of  methylene  chloride  of  as  much  as  10°  C.  near  the 
end  of  the  distillation,  but  there  was  no  indication  of  superheating 
of  methylene  chloride  when  using  a  3.75-cm.  (1.5-inch)  formed-in- 
place  heater.  While  this  type  of  heater  appears  to  eliminate 
superheating  entirely,  it  is  difficult  to  construct  and  has  a  short 
life  in  the  small  size  required  for  this  work.  Other  types  of 
heaters  are  being  tested,  but  none  has  been  found  to  date  which  is 
considered  entirely  satisfactory.  This  work  is  continuing  and  it 
is  anticipated  that  a  heater  will  eventually  be  found  which  is 
generally  satisfactory.  It  is  planned  to  make  this  the  subject  of 
a  subsequent  paper. 
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To  exaggerate  this  effect  a  cover  of  asbestos  paper  was  pro¬ 
vided  for  the  shield.  Thus,  the  heater  and  flask  were  completely 
surrounded  by  the  shield.  The  distillation  thermometer  pro¬ 
truded  through  a  hole  in  the  cover.  An  auxiliary  thermometer 
to  measure  the  temperature  of  the  space  inside  the  shield  also 
extended  through  the  cover.  The  bulb  of  this  thermometer 
was  about  10  cm.  (4  inches)  from  the  heater.  This  thermometer 
registered  a  temperature  of  60°  to  70°  C.  during  the  time  the  dis¬ 
tillation  was  in  progress.  This  additional  shielding  raised  the 
distillation  temperature  of  trichloroethylene  at  the  95-ml.  and 
dry  points  by  4°  and  8°  C.,  respectively. 

In  an  effort  to  reduce  this  effect,  the  preceding  experiment 
was  repeated  except  that  the  neck  of  the  distillation  flask  was 
insulated  by  wrapping  it  with  asbestos  wicking.  This  relatively 
inefficient  method  of  insulation  reduced  the  effect  on  the  tem¬ 
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Amperometric  Titration  of  Mercaptans  with  Silver  Nitrate 

Using  the  Rotating  Platinum  Electrode 

I.  M.  KOLTHOFF  AND  W.  E.  HARRIS,  School  of  Chemistry,  University  of  Minnesota,  Minneapolis,  Minn. 


rHE  rotating  platinum  wir&  electrode  has  been  introduced  as 
an  indicator  electrode  in  amperometric  titrations  ( 2 )  by 
.aitinen  and  Kolthoff  (S).  The  performance  of  an  amperometric 
itration  with  the  rotating  platinum  electrode  as  indicator  elec- 
rode  becomes  especially  simple,  when  no  e.m.f.  needs  to  be  ap- 
rlied  to  the  cell  consisting  of  the  indicator  electrode  and  the 
eference  electrode. 

The  rotating  electrode  is  placed  in  the  solution  to  be  titrated, 
lectrolytic  connection  is  made  with  the  reference  electrode,  and 
he  current  which  flows  through  the  cell  during  the  titration  is 
ead  on  a  microammeter.  The  diffusion  current  of  the  substance 
itrated  or  of  the  reagent  is  measured  at  the  potential  of  the 
otating  electrode.  For  example,  in  the  titration  of  a  mercaptan 
pith  silver  nitrate  using  the  saturated  calomel  electrode  as  a 
eference  electrode,  the  current  is  zero  until  the  end  point.  After 
he  end  point,  when  there  is  an  excess  of  silver  in  the  solution,  the 
iffusion  current  of  silver  is  measured  with  the  microammeter, 
,his  diffusion  current  being  proportional  to  the  concentration  of 
liver  ions.  When  the  current  readings  during  the  titration  are 
lotted  against  the  volume  of  reagent  added,  two  straight  lines  are 
btained,  which  intersect  at  the  end  point  (see  Figure  2).  In 
he  example  under  consideration,  the  current  before  the  end  point 
)  practically  zero  and  is  equal  to  the  residual  current  of  the 
ledium. 

If  the  titration  is  carried  out  in  ammoniacal  medium  as  in  the 
itration  of  mercaptans  with  silver  in  the  presence  of  chloride,  the 
otential  of  the  saturated  calomel  electrode  is  not  negative  enough 
o  yield  the  diffusion  current  of  the  amino-silver  ions.  There- 
}re,  another  reference  electrode,  which  is  more  negative  than  the 
aturated  calomel  electrode,  but  not  sufficiently  negativedo  give 
athodic  currents  of  oxygen,  has  been  used. 

In  the  present  paper  the  amperometric  titration  of  very  small 
mounts  of  primary,  secondary,  and  tertiary  mercaptans  with 
ilver  nitrate  is  described.  In  the  absence  of  chloride,  this  titra- 
ion  can  be  carried  out  in  acid  or  neutral  medium  with  the  satu- 
ated  calomel  electrode  as  reference  electrode.  Only  the  pro- 
edure  in  ammoniacal  medium  is  presented  here,  since  much 
hloride  and  little  bromide  do  not  interfere  in  the  presence  of 


much  ammonia.  The  titration  in  the  presence  of  ammonia  is  as 
simple  as  that  in  neutral  or  acid  medium. 

The  reaction  equation  is: 


or 


Ag+  +  RSH  — >-  RSAg  +  H+ 

Ag(NH3)j  +  RSH  — >  RSAg  +  NH*  +  NH, 

RSH  denotes  a  mercaptan. 

APPARATUS  AND  MATERIALS 

The  apparatus  and  the  circuit  are  shown  in  Figure  1. 

A  rotating  platinum  wire  electrode,  A,  about  6  to  8  mm.  long 
and  0.5  mm.  in  diameter,  sealed.in  6-mm.  soft  glass  tubing,  serves 
as  indicator  electrode.  Since  the  titrations  can  be  completed 
within  a  short  time,  an  ordinary  motor  can  be  used  to  rotate  the 
electrode.  A  synchronous  motor  is  not  necessary  in  titration 
work.  For  amperometric  titration  a  simple  rotating  electrode 
can  be  made  by  replacing  the  shaft  of  an  ordinary  cone  drive 
motor,  H,  with  a  short  length  of  brass  tubing  (developed  in  this 
laboratory  by  D.  G.  Weiblen).  The  6-mm.  glass  tubing  with  the 
electrode  is  fastened  inside  the  brass  tubing.  Electrical  contact 
is  then  readily  made  by  dipping  a  wire  in  the  mercury  inside  the 
glass  tubing. 

A  reference  electrode,  F,  is  used  which  has  a  potential  of  —0.23 
volt  against  the  saturated  calomel  electrode.  The  electrolyte 
solution  for  the  reference  half-cell  is  prepared  by  dissolving  4.2 
grams  of  potassium  iodide  and  1.3  grams  of  mercuric  iodide  in 
100  ml.  of  saturated  potassium  chloride  solution.  A  layer  of 
mercury  serves  as  the  electrode. 

Electrical  connection  between  the  reference  and  indicator  elec¬ 
trodes  is  made  by  means  of  a  salt  bridge,  E,  consisting  of  about 
60  cm.  (2  feet)  of  6-mm.  (inside  diameter)  soft  rubber  tubing  filled 
with  saturated  potassium  chloride  solution  (/).  The  rubber 
tubing  is  connected  with  a  short  length  of  glass  tubing,  D,  filled 
with  a  gel  of  3%  agar  and  30%  potassium  chloride.  At  the  end 
of  the  glass  tube,  a  coarsely  sintered  glass  disk  may  be  inserted, 
if  desired.  For  further  protection  of  the  solution  from  contami¬ 
nation  with  iodide,  the  glass  tube,  B,  having  an  agar  or  a  fine 
sintered-glass  plug  at  its  end,  may  be  interposed.  Tbe  electrolyte 
solution,  C,  inside  B  can  be  easily  rinsed  out  and  replaced  with 
fresh  electrolyte  whenever  it  has  been  in  use  long  enough  to  be¬ 
come  contaminated  with  iodide.  It  is  essential  that  all  sources 
of  high  resistance,  such  as  air  bubbles,  be  eliminated  from  the  salt 
bridge. 

To  complete  the  circuit  the  two  half-cells  are  short-circuited 
through  a  microammeter,  G.  A  Weston  Electrical  Instrument 
Corporation,  Newark,  microammeter  (Model  430)  has  been  used 
in  the  present  work.  Instead  of  the  microammeter,  other  current- 
indicating  devices  may  be  used,  such  as  a  pointer  galvanometer 
with  sensitivity  of  0.25  microampere  per  division  on  the  attached 
scale. 

The  mercaptans  tested  were  analyzed  for  mercaptan  sulfur 
content  by  the  potentiometric  method  of  Tamelc  and  Ryland  (5). 
Sources  of  the  various  mercaptans  were : 


n-Dodecyl 

Commercial  primary  Cu 
Commercial  tertiary  C12 
Cyclopentyl 


Figure  1 .  Apparatus  for  Amperometric  Titration 


Organic  Chemical  Division,  University  of 
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U.  S.  Rubber  Co. 

Sharpies  Chemicals,  Inc. 

C.  S.  Marvel,  University  of  Illinois 

PROCEDURE 

In  a  250-ml.  beaker  dilute  a  sample  of  mercaptan  containing 
about  5  mg.  of  mercaptan  sulfur  to  100  ml.  with  95%  ethanol. 
Make  the  solution  about  0.25  M  in  ammonia  and  0.01  to  0.1  M 
with  some  noninterfering  electrolyte  such  as  ammonium  nitrate. 
Immerse  the  end  of  the  salt  bridge  and  the  rotating  platinum 
electrode  in  this  solution.  Titrate  with  aqueous  0.005  M  silver 
nitrate. 

Make  2  or  3  readings  of  the  microammeter  before  the  end  point. 
As  long  as  the  silver  nitrate  is  not  in  excess  the  current  is  very 
small  or  zero.  After  the  end  point  the  deflection  of  the  ammeter 
corresponds  to  the  diffusion  current  of  the  excess  of  silver.  When 
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Table  I.  Amperometric  Titrations  of  Mercaptans 


Mercaptan 

Mercaptan 

Method  of 

Sulfur 

Sulfur 

Mercaptan  Used 

Taking  Sample 

Present 

Found 

Mg 

Mg. 

n-Dodecyl 

Weighing 

5.04 

5.075 

5.48 

5. 490 

Dilution  of  standard 

1.942 

1.945,  1.943 

solution 

7.77 

7.77,7.80 

1.93 

1.89,  1.93 

Commercial  primary  Cu 

Weighing 

5.26 

5  01 

5.249 

5.006 

Commercial  tertiary  Cu 

Weighing 

6 '.  47 

6  94 

6. 456 

6  944 

Cyclopentyl 

Dilution  of  standard 

3!  047 

3. 051 

solution 

the  ammeter  indicates  the  end  point  is  passed  add  two  or  three 
small  increments  of  silver  nitrate;  read  the  current  after  each 
addition.  If  the  electrode  becomes  sluggish,  clean,  by  wiping 
with  a  piece  of  cloth  or  between  two  fingers.  Plot  the  readings 
of  the  microammeter  against  the  volume  of  silver  nitrate  added. 
Draw  two  straight  lines  (A  and  B,  Figure  2);  the  point  of  inter¬ 
section,  C,  corresponds  to  the  end  point. 

A  titration  carried  out  by  an  experienced  operator  requires  no 
more  than  2  minutes. 


RESULTS  OF  TITRATION 

Table  I  shows  the  results  obtained  with  various  mercaptans. 
The  figures  of  mercaptan  sulfur  present  are  based  upon  the  results 
of  potentiometric  titrations  of  large  samples.  With  5  mg.  or  more 
of  mercaptan  sulfur  the  amperometric  titrations  were  repro¬ 
ducible  within  0.2%. 

The  current  readings  obtained  during  the  titration  of  1.942 
mg.  of  n-dodecyl  mercaptan  sulfur  are  shown  in  Figure  2.  The 
method  has  been  applied  to  a  large  number  of  other  mercaptans 
with  satisfactory  end-point  determinations  in  all  cases.  .Among 
mercaptans  that  have  been  titrated  are:  primary  C\,  C5,  C8,  Cio, 
C14,  Ci6,  and  Ci8;  secondary  C8  and  Ci2;  tertiary  C4,  C6,  C7,  C8, 
Cio,  Ch,  and  Ci6  as  well  as  thiols  with  other  functional  groups. 


Figure  2.  Amperometric  Titration  of  1.942  Mg.  of 
Mercaptan  Sulfur  with  0.00495  N  Silver  Nitrate 


Note.  _  An  indicator  electrode  may  become  insensitive  or 
erratic  after  long  use  or  when  titrating  large  amounts  of  mer¬ 
captan.  As  suggested  by  May  (4)  full  sensitivity  can  be  restored 
by  wiping  the  electrode  with  a  piece  of  cloth  or  even  between  two 
fingers.  In  the  most  troublesome  cases  the  following  procedure 
is  recommended  in  determining  the  end  point. 

After  the  addition  of  the  first  excess  of  silver  nitrate  as  indi¬ 
cated  by  the  first  slight  deflection  of  the  ammeter  stop  the  rotat¬ 
ing  electrode,  wipe,  and  start  again.  Read  the  current  immedi¬ 
ately;  add  small  increment  of  silver  nitrate.  Stop  the  rotating 
electrode,  wipe,  and  continue  as  before.  Read  the  current 
immediately  after  starting  the  electrode.  Repeat  the  above 
operations  3  to  4  times.  The  end  point  is  obtained  from  the  read¬ 
ings  in  the  manner  previously  described. 

Thorough  cleaning  of  the  electrode  with  concentrated  nitric 
acid  is  usually  necessary  only  after  it  has  been  used  for  several 
hundred  titrations.  When  a  new  or  freshly  cleaned  electrode  is 
placed  in  the  ammoniacal  mercaptan  solution  and  the  cell  is  short- 
circuited,  a  large  current  of  20  to  30  microamperes  may  be  ob¬ 
served.  This  current  decreases  rapidly  and  is  practically  zero 
after  waiting  for  5  to  10  minutes. 


Infrequently  the  glass  in  the  region  of  the  glass-to-platinu 
seal  may  become  very  slightly  cracked.  In  such  case  a  newr  ele 
trode  must  be  prepared. 

In  some  cases  much  suspended  material  in  solution  interfere 
mechanically  with  the  current  readings.  The  use  of  an  electroc 
of  the  design  shown  in  Figure  3  eliminates  interferences  of  th 
nature. 

INTERFERENCES 


Cyanide  in  ammoniacal  medium  forms  a  stable  complex  wit 
silver  ions  and  interferes  in  the  titration.  Other  ions,  like  iodic 
and  sulfide,  which  form  insoluble  silver  salts  in  ammoniac; 
medium,  also  interfere.  It  is  a  simple  matter  to  separate  tl 
mercaptan  from  interfering  ions  by  shaking  the  mercaptan  out  i 
ether  or  some  other  suitable  organic  solvent. 

Large  amounts  of  chloric 


and  small  amounts -of  bromid) 
do  not  interfere  in  the  pro 
cedure  (Table  II). 


SUMMARY 


1  _ 

H  SIDE  amperometric  titration  metho 

viev  for  the  routine  determinatio 

of  primary,  secondary,  an 
tertiary  mercaptans  with  silve 
nitrate  is  described,  using  th 
rotating  platinum  wrire  elec 
trode  as  indicator  electrode 
The  apparatus  required  i 
simple  and  is  available  in  mos 
laboratories. 

Amounts  of  mercaptan  sulfu 
as  small  as  0.2  mg.  in  100  ml 
of  ethanol  can  be  determine; 
with  an  accuracy  of  1  or  2% 
Amounts  greater  than  2  mg 
per  100  ml.  can  be  determine* 
with  an  accuracy  and  precision  of  at  least  0.3%.  The  time  re 
quired  for  performance  of  the  entire  titration  need  not  be  greate 
than  2  minutes.  In  ammonical  medium,  large  amounts  of  chlo 
ride  and  small  amounts  of  bromide  do  not  interfere.  Largi 
amounts  of  bromide,  as  wrell  as  cyanide  and  other  ions  which  yiel* 
insoluble  silver  salts  in  ammoniacal  medium,  interfere. 
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Titration  of  n-Dodecyl  Mercaptan  in  Presence  of  Chloridi 
or  Bromide 

Mercaptan  Mercaptan 

Sulfur  Taken  Sulfur  Found 

Mg. 


Table  II 

Chloride  or 
Bromide  Added 


Mg. 

Mg. 

100  KC1 

1.942 

300  KC1 

1.942 

1  KBr 

1.313 

2  KBr 

1.313 

5  KBr 

1.313 

10  KBr 

1.313 

100  KBr 

1.313 

1.941 

1.947 

1.307 

1.306 

1.413  (AgNOs  added  rapidly) 
1.378  (AgNC>3  added  slowly) 
1.85 
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Determination  of  Tungsten  in  Silicate  Rocks 

E.  B.  SANDELL,  School  of  Chemistry,  University  of  Minnesota,  Minneapolis,  Minn. 


.  colorimetric  method  is  described  which  is  suitable  for  determinins 
ngsten  in  silicic  and  mediosilicic  rocks  for  geochemical  purposes. 
,s  little  as  0.5  p.p.m.  of  tungsten  can  be  detected  when  a  1-gram 
mple  is  taken.  The  method  involves  separation  of  tungsten  from 
>n  and  titanium  by  sodium  hydroxide  precipitation,  elimination 
molybdenum  as  sulfide  with  antimonic  sulfide  as  collector,  and 
lal  determination  of  tungsten  with  stannous  chloride  and  potassium 
iocyanate.  The  yellow  thiocyanate  of  tungsten  in  a  lower  valence 
ite  is  extracted  with  a  small  volume  of  ether. 

ECAUSE  of  the  difficulty  of  determining  the  minute  amounts 
of  tungsten  occurring  in  the  common  rocks  of  the  earth’s 
ust,  relatively  little  is  known  concerning  its  abundance  and 
stribution.  Up  to  now  tungsten  has  been  determined  by  x-ray 
optical  spectrography  after  concentration  by  chemical  meth- 
Is.  Von  Hevesy  and  Hobbie  ( 5 ),  to  whom  most  of  our  knowl- 
j.ge  of  the  abundance  of  tungsten  is  due,  applied  the  x-ray 
jectrographic  method  to  samples  ranging  in  weight  from  150  to 
0  grams.  Wilson  and  Fieldes  (14)  used  an  optical  spectro- 
aphic  method  for  the  determination  of  tungsten  in  schist.  In 
eir  procedure  tungsten  was  first  concentrated  by  coprecipita- 
m  with  titanium  by  the  joint  use  of  tannin,  antipyrine,  and 
achonine. 

It  has  been  found  possible  to  work  out  a  colorimetric  method 
r  tungsten,  which  gives  satisfactory  results  when  applied  to 
icic  and  intermediate  igneous  rocks.  With  subsilicic  rocks  that 
ntain  much  iron  and  titanium  the  results  are  low,  approximately 
ie  half  of  the  tungsten  being  lost  in  the  separations.  A  sample 
fighing  0.8  to  1  gram  is  used.  As  little  as  0.5  part  per  million 
tungsten  can  be  detected.  The  method  has  been  used  in  a 
udy  of  the  abundance  of  tungsten  in  a  series  of  igneous  rocks 
im  North  America  and  other  parts  of  the  world.  The  amount 
the  element  found  in  these  samples  was  of  the  order  of  a  few 
rts  per  million,  much  less  than  the  69  p.p.m.  reported  for  a 
mposite  of  central  European  rocks  (5). 

Two  colorimetric  reagents  come  into  consideration  for  the  de- 
rmination  of  minute  amounts  of  tungsten — namely,  thiocyanate 
conjunction  with  a  reducing  agent  such  as  stannous  chloride, 
jid  toluene-3, 4-dithiol  (7).  Since  the  latter  reagent  has  so  far 
•en  used  only  qualitatively  and  semiquantitatively,  and  is  dif- 
ult  to  obtain,  it  was  decided  to  use  thiocyanate  for  the  present 
irpose. 

OUTLINE  OF  THE  METHOD 

The  method  developed  involves  four  main  steps:  (1)  decom- 
isition  of  the  sample  with  hydrofluoric,  sulfuric,  and  nitric  acids; 
)  double  precipitation  of  iron,  titanium,  and  other  elements 
th  excess  sodium  hydroxide;  (3)  precipitation  of  molybdenum 
sulfide  with  antimonic  sulfide  as  collector,  in  the  acidified  fil- 
rte  from  the  sodium  hydroxide  precipitate  after  the  addition  of 
rtrate;  and  (4)  determination  of  tungsten  in  the  filtrate  from 
e  sulfide  precipitate  by  the  addition  of  thiocyanate,  hydrochloric 
id,  and  stannous  chloride,  followed  by  ether  extraction  of  the 
llow  thiocyanate  of  tungsten  in  a  lower  valence  state. 

DISCUSSION 

The  important  sources  of  error  in  the  method  lie  in  the  copre- 
jbitation  of  tungsten  with  the  precipitate  produced  by  sodium 
I  droxide  and  in  the  possible  incomplete  removal  of  molybdenum 
I  sulfide.  In  the  analysis  of  intermediate  and  subsilicic  rocks 
I  e  effect  of  vanadium  must  be  taken  into  account, 
i  Separation  of  Tungsten  from  Iron  and  Other  Elements. 
'  hen  extremely  small  quantities  of  tungsten  are  to  be  determined 
I  the  thiocyanate-stannous  chloride  method,  appreciable 


amounts  of  iron  and  titanium  must  be  absent.  These  elements, 
as  well  as  others  incidentally,  are  separated  from  tungsten  as 
tungstate  by  sodium  hydroxide  precipitation  (cf.  11).  In  the 
present  case  it  is  necessary  to  make  this  precipitation  under  rather 
unfavorable  conditions  as  concerns  the  coprecipitation  of  tung¬ 
sten,  in  that  the  volumes  must  be  kept  small  and  only  a  limited 
excess  of  sodium  hydroxide  may  be  used  in  order  to  avoid  difficul¬ 
ties  later  in  the  procedure.  A  few  preliminary  experiments  were 
run  to  find  the  approximate  amount  of  tungsten  carried  down  by 
the  hydroxides  of  ferric  iron,  titanium,  calcium  (carbonate),  mag¬ 
nesium,  and  manganese  under  conditions  similar  to  those  that 
would  exist  in  the  determination  of  tungsten  in  a  silicate  rock  if  a 
single  sodium  hydroxide  precipitation  were  made. 

In  these  experiments,  10  ml.  of  neutral  or  slightly  acid  solution 
containing  5  micrograms  of  tungsten  and  the  specified  amount  of 
metal  as  chloride  (Ca,  Mn)  or  as  sulfate  (Fe,  Ti,  Mg)  were  added 
dropwise  to  15  ml.  of  hot  10%  sodium  hydroxide  solution.  The 
precipitate  was  filtered  off  on  a  sintered-glass  filter  crucible  and 
washed  with  5  ml.  of  water.  The  filtrate  was  acidified  and  treated 
with  an  excess  of  hydrochloric  acid  and  stannous  chloride  to  form 
the  yellow  tungsten  complex,  which  was  extracted  with  ethyl 
ether.  Comparison  was  made  against  a  similar  ether  extract  ob¬ 
tained  by  adding  5  micrograms  of  tungsten  to  the  filtrate  from  a 
like  portion  of  metal  solution  which  had  been  added  to  sodium 
hydroxide.  This  method  of  preparation  of  the  standards  largely 
eliminates  the  effect  of  any  traces  of  molybdenum  possibly  pres¬ 
ent.  In  the  case  of  calcium,  the  solution  containing  tungsten  was 
evaporated  to  fumes  with  a  slight  excess  of  sulfuric  acid  to  test  the 
recovery  of  tungsten  from  slightly  soluble  calcium  sulfate. 

The  results  obtained  (Table  I)  show  that  there  is  little  tendency 
for  tungsten  to  be  retained  by  the  calcium,  magnesium,  or  manga¬ 
nese  precipitate,  but  that  it  is  coprecipitated  with  iron  and  titan¬ 
ium.  The  loss  of  tungsten  in  the  sodium  hydroxide  precipita¬ 
tion  is  borne  out  by  the  results  obtained  in  the  application  of  the 
method,  as  finally  worked  out,  to  various  types  of  rocks.  In 
spite  of  the  double  sodium  hydroxide  precipitation  which  is  called 
for  in  the  procedure,  recovery  of  tungsten  is  not  complete  when 
much  iron  and  titanium  is  present.  Useful  results  (approximately 
80%  recovery  of  tungsten)  can  still  be  obtained  with  a  sample 
containing  6%  total  iron  oxides,  0.9%  titanium  dioxide,  3%  mag¬ 
nesia,  and  5  or  6%  calcium  oxide  as  well  as  0.25%  phosphorus 
pentoxide.  In  other  words,  the  method  can  be  applied  to  a 
typical  diorite. 

As  the  amount  of  iron  and  titanium  in  the  sample  increases  the 
loss  of  tungsten  becomes  greater,  so  that  only  about  one  half  of 
the  tungsten  (ca.  4  p.p.m.  added)  is  recovered  from  a  diabase  con¬ 
taining  13%  total  iron  oxides  and  1.75%  titanium  dioxide.  The 
proposed  method  cannot  therefore  be  applied  to  subsilicic  rocks 
without  modification.  Presumably  better  results  can  be  obtained 
with  such  rocks  by  preparing  a  solution  containing  approximately 
the  same  amount  of  iron,  titanium,  etc.,  as  the  sample  being 
analyzed  and  adding  an  amount  of  tungsten  comparable  to  that 
expected  in  the  sample,  and  then  carrying  this  standard  through 
the  procedure.  The  need  for  a  complete  analysis  of  the  specimen 


Table  I.  Recovery  of  Tungsten  in  Sodium  Hydroxide  Precipitation 
of  Iron,  Titanium,  and  Other  Elements 

(In  each  case  5.O7  of  tungsten  were  added  as  tungstate) 


Elements  Present 

W  Found 

Gram 

7 

0.1  CaO 

5.0 

0.1  MgO 

5.0 

0.025  MnO 

5.3 

0.1  FezOa 

4.2 

0.1  FeaOs,  0.12  AI2O3 

4.4 

0.015  TiOj 

4.0 

0.015  Ti02,  0.015  P2O5 

4.0 
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would  be  only  a  slight  objection,  since  the  method  would  usually 
be  applied  to  analyzed  samples.  However,  the  precision  probably 
would  not  be  very  good,  especially  since  very  low  tungsten  con¬ 
tents  are  to  be  expected  with  subsilicic  rocks,  and  the  method 
would  become  considerably  more  laborious. 

With  granitic  rocks  it  appears  that  a  single  sodium  hydroxide 
precipitation  gives  good  results,  but  a  double  precipitation  is 
recommended. 

The  possibility  of  precipitating  tungsten  with  a-benzoinoxime, 
after  the  addition  of  molybdenum  as  a  collector,  was  considered 
as  a  possible  method  for  the  isolation  of  tungsten.  However,  the 
introduction  of  molybdenum,  which  must  subsequently  be  care¬ 
fully  removed  before  the  colorimetric  thiocyanate  method  for 
tungsten  can  be  applied,  is  an  undesirable  feature  of  such  a  pro¬ 
cedure.  Moreover,  doubt  has  been  expressed  regarding  the  com¬ 
pleteness  of  precipitation  of  tungsten  by  this  method  (S). 

Separation  of  Molybdenum  as  Sulfide.  Molybdenum  ac¬ 
companies  tungsten  into  the  filtrate  in  the  sodium  hydroxide 
separation.  Before  tungsten  can  be  determined  by  the  thiocya¬ 
nate  method,  molybdenum  must  first  be  removed,  since  under  the 
conditions  it  gives  a  stronger  color  than  does  tungsten.  The  sepa¬ 
ration  of  the  two  elements  must  be  so  complete  that  less  than  0.1 
microgram  of  molybdenum  will  remain  with  the  tungsten.  The 
classical  method  for  the  separation  of  tungsten  and  molybdenum 
involves  sulfide  precipitation  of  the  latter  from  a  dilute  mineral 
acid  solution  containing  tartrate.  As  is  well  known,  complete 
precipitation  of  molybdenum  is  difficult  even  with  macro  amounts 
(12)  and  would  be  entirely  hopeless  for  micro  amounts  unless  re¬ 
sort  can  be  made  to  mixed  crystal  formation  between  molyb¬ 
denum  trisulfide  and  another  sulfide  possessing  slight  solubility  in 
acid  solution.  Extrapolation  of  known  ionic  radii  (Goldschmidt’s) 


3?°  390  mo  mo  mo  mo 

WAVE  LENGTH,  MILLIMICRONS 


Figure  1.  Transmission  Curve  of  Tungsten-Thiocyanate 
Complex  in  Ethyl  Ether 

40  p.p.m.  of  tungsten,  1  -cm.  cell 

Curve  constructed  from' data  obtained  by  B.  Warshowslcy  using  Coleman 
Model  11  spectrophotometer  with  35-millimicron  slit  width.  Color  de¬ 
veloped  by  Feigl's  method  (2)  and  complex  extracted  after  2  hours 


in  the  series  of  elements  from  rubidium  to  molybdenum  on  th  i 
one  hand,  and  of  the  elements  from  silver  to  antimony  on  th 
other,  leads  to  the  conclusion  that  sexivalent  molybdenum  am 
quinquevalent  antimony  should  have  similar  radii.  Experimen 
showed  that  antimony  pentasulfide  was  actually  a  good  collecto 
for  molybdenum.  Trivalent  antimony  cannot  be  used  in  place  o 
the  quinquevalent.  Moreover,  copper  sulfide,  which  has  beei 
recommended  as  a  collector  for  molybdenum,  is  not  suitable  fo 
the  purpose.  These  findings  are  in  accord  with  the  experi 
mentally  determined  or  the  estimated  ionic  radii  (A.) 
Mof+  +' f  +"1",  ca.  0.5  (estimated);  Sb++f'l‘4',  0.50  (estimated): 
Sb'*'f+,  0.90;  Cu++,  0.83.  (In  the  nonionic  sulfides  the  radi 
will  be  different  from  these  values  for  the  ions,  but  it  may  plaus 
ibly  be  assumed  that  the  similarity  or  disparity  will  be  preserve! 
in  passing  from  the  ionic  type  of  crystal  to  the  nonionic.) 

Preliminary  experiments  showed  that  a  single  hydrogen  sulfidt 
precipitation  in  25  ml.  of  hot  solution  containing  20  micrograms  o 
molybdenum,  1  mg.  of  quinquevalent  antimony,  2  grams  o 
sodium  sulfate,  and  ca.  0.5  ml.  of  6  N  sulfuric  acid,  left  from  0.1 
to  0.3  microgram  of  molybdenum  in  solution  as  found  by  colori 
metric  examination  of  the  filtrate  and  washings  by  the  thiocya 
nate  method.  When  the  filtrate  from  the  molybdenum  sulfidt 
precipitate  was  boiled  to  expel  hydrogen  sulfide,  a  small  amounl 
of  bromine  water  added,  and  the  hydrogen  sulfide  precipitatioi 
repeated  after  the  addition  of  1  mg.  of  quinquevalent  antimony 
less  than  0.1  microgram  (perhaps  less  than  0.05  microgram)  oi 
molybdenum  was  found  in  the  filtrate.  Thus  it  appears  that  ont 
hydrogen  sulfide  precipitation  with  antimony  as  collector  does  nol 
remove  the  molybdenum  with  sufficient  completeness  for  the 
purpose,  but  that  a  second  precipitation  reduces  its  concentratioi 
to  a  negligible  value. 

In  applying  this  separation  of  tungsten  and  molybdenum  tc 
silicate  rocks,  the  effect  of  phosphorus  must  be  considered.  The 
precipitation  of  molybdenum  becomes  more  difficult  when  phos¬ 
phate  is  present  because  of  the  greater  ease  of  reduction  of  molyb¬ 
denum  by  hydrogen  sulfide  (12).  It  is  not  advisable  to  make  the 
hydrogen  sulfide  precipitation  from  an  initially  hot  solution  when 
appreciable  amounts  of  phosphorus  are  present,  as  is  the  case  with 
basic  rocks.  Hydrogen  sulfide  should  be  passed  into  a  cold  solu¬ 
tion  to  minimize  the  reduction  of  molybdenum  to  molybdenum 
blue.  The  colloidal  suspension  of  the  sulfides  may  then  be 
heated  to  hasten  coagulation.  This  procedure  satisfactorily 
separated  the  molybdenum  from  a  diabase  containing  0.25%  of 
phosphorus  pentoxide.  It  is  believed  that  two  precipitations 
with  hydrogen  sulfide  as  described  in  the  procedure  below  are  suf¬ 
ficient  to  remove  with  satisfactory  completeness  the  quantities  of 
molybdenum  likely  to  be  encountered  in  igneous  rocks.  The 
maximum  amount  of  molybdenum  found  in  a  series  of  22  Ameri¬ 
can  rocks  was  0.0007%,  or  7  micrograms  in  a  1-gram  sample  (10). 
The  presence  of  even  less  than  5  micrograms  of  molybdenum  in 
the  antimony  sulfide  precipitate  (1  mg.  of  antimony)  is  made  evi¬ 
dent  by  a  pronounced  change  in  color  of  the  precipitate  from 
orange  to  brownish. 

The  second  antimony  sulfide  precipitates  obtained  from  some 
rock  samples  of  intermediate  silica  content  which  contained  about 
1  p.p.m.  of  molybdenum  were  examined  for  molybdenum  by  dis¬ 
solving  in  sodium  hydroxide,  adding  excess  bromine  and  warming, 
and  finally  treating  with  thiocyanate  and  stannous  chloride  in 
excess  hydrochloric  acid,  followed  by  extraction  with  a  small 
volume  of  ethyl  acetate.  In  some  cases  no  molybdenum  could 
be  detected,  in  others  0.1  to  0.2  microgram  was  found. 

Determination  of  Tungsten.  After  concentration  of  the  fil¬ 
trate  from  the  last  sulfide  precipitate  to  expel  hydrogen  sulfide  and 
to  reduce  the  volume  to  a  convenient  size,  the  solution  is  ex¬ 
tracted  with  ethyl  ether  to  remove  traces  of  a  foreign  coloring  sub¬ 
stance  (not  identified  but  possibly  from  the  bromine)  which  im¬ 
parts  a  faint  brownish  coloration  to  the  solvent.  The  extracted 
solution  is  treated  with  potassium  thiocyanate  and  stannous 
chloride  in  strong  hydrochloric  acid  to  form  the  thiocyanate  com- 
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Table  II.  Determination  of  Tungsten  in  Silicate  Rocks 

Sample 

Sample 

Weight 

W 

Present 

W 

Added 

W 

Found 

W  Re¬ 
covered 

ynthetic  silicic  rock" 

Gram 

1 

P.p.m. 

0.7 

P.p.m. 

3.0 

P.p.m. 

3.3 

P.p.m. 

2.6 

ynthetic  silicic  rock® 

1 

0.7 

5.0 

6.4 

5.7 

ynthetic  silicic  rocka>!> 

1 

0.7 

10.0 

9.0 

8.3 

ynthetic  silicic  rocka 

1 

0.7 

10.0 

10.6 

9.9 

ynthetic  silicic  rock  (10 
p.p.m.  Mo)0'6 
ynthetic  silicic  rock  (10 
p.p.m.  Mo)a 

1 

0.7 

10.0 

12.7 

12.0 

1 

0.7 

10.0 

10.8 

10.1 

ynthetic  silicic  rock  (15 
p.p.m.  Mo,  300  p.p.m. 
VjO>)“ 

1 

0.7 

5.0 

6.2 

5.5 

ynthetic  silicic  rock.  (20 
p.p.m.  Mo)° 

1 

0.7 

0 

1.2 

(0.5) 

Iranodiorite 

1 

1.1 

2.0 

3.2 

2.1 

Iranodiorite0 

1 

1.1 

3.0 

3.5 

2.4 

Iranodiorite 

1 

1.1 

3.0 

3.7 

2.6 

Iranodiorite  (11  p.p.m. 
Mo)* 

1 

1.1 

0 

1.2 

(0.1) 

luartz  monzonite 

0.8 

1.5 

2.5 

3.5 

2.0 

iiorite  A 

0.8 

1.6* 

3.7 

4.6 

3.0 

liorite  B 

0.8 

’0.9' 

3.7 

3.8 

2.9 

liabase 

0.8 

1.0' 

3.7 

2.9 

1.9 

iiabase 

0.8 

1.0' 

6.2 

5.0 

4.0 

°  Single  NaOH  precipitation  instead  of  double  as  in  others. 
&  One  H2S  precipitation  instead  of  two  as  in  others. 

°  Not  corrected  for  vanadium. 


Tex  of  tungsten  in  a  lower  valence  state  (2,  4).  It  is  not  neces- 
;  ary  to  add  these  reagents  to  an  initially  basic  solution  as  in  previ- 
us  procedures  for  determination  of  tungsten  by  the  thiocyanate 
rethod.  This  colorimetric  method  for  tungsten  has  not  been 
tudied  in  a  systematic  manner  but  it  is  known  that  a  high  acid 
oncentration  is  necessary  and  that  the  color  develops  slowly  at 
Dom  temperature,  so  that  the  solution  should  be  allowed  to  stand 
Dr  an  hour.  Beer’s  law  is  obeyed.  The  color  reaches  its  maxi- 
lum  intensity  more  rapidly  if  the  solution  is  warmed  (8),  but  too 
igh  a  temperature  or  too  long  a  period  of  heating  results  in  the 
Drmation  of  a  small  amount  of  stannous  sulfide.  In  the  present 
mrk  the  colored  compound  was  allowed  to  develop  at  room  tern- 
era  time. 

The  tungsten  complex  is  then  extracted  with  a  small  volume  of 
ther.  Without  extraction  the  determination  would  be  impos- 
ible  because  of  the  very  minute  amounts  of  tungsten  involved. 
Moreover,  the  aqueous  solution  may  show  a  slight  coloration  due 
o  vanadium  and  possibly  other  substances.  The  tungsten  con- 
ent  of  the  ether  extract  is  found  by  comparison  against  a  series 
f  standards,  or  against  a  single  standard  by  varying  the  height 
f  the  column  of  solution  in  a  narrow  tube.  The  visual  compari- 
on  is  preferred  to  a  photometric  measurement  of  color  intensity, 
ecause  of  the  very  faint  color  obtained 
dth  the  quantities  of  tungsten  normally 
resent  in  igneous  rocks.  The  visual  com- 
l  arison  can  readily  be  made  in  small  glass 
ubes  having  a  cross-sectional  area  of 
sq.  cm.  Under  the  conditions  described 
elow  0.3  microgram  of  tungsten  imparts 
faint  but^ definite  coloration  to  the  ether 
1  such  a  tube — i.e.,  the  sensitivity  of  the 
^action  is  0.3  microgram  of  tungsten  per 
quare  centimeter.  The  photometric  sen- 
tivity  may  be  expressed  in  terms  of  the 
uantity  of  tungsten  in  a  column  of  ether  solution  having  a  cross- 
sctional  area  of  1  sq.  cm.  which  will  produce  a  barely  measurable 
xtinction  at  the  wave  length  of  maximum  absorption.  The  trans- 
lission  curve  of  the  tungsten  thiocyanate  complex  in  ether,  ob¬ 
tained  under  conditions  similar  to,  but  not  identical  with,  those  of 
ae  procedure  below  is  shown  in  Figure  1.  It  is  evident  from  this 
jurve  that  at  approximately  390  m^,  an  extinction  of  0.001  corre- 
aonds  to  about  0.05  microgram  of  tungsten  in  a  column  of  solu- 
on  having  a  cross  section  of  1  sq.  cm.  This  is  the  photometric 
insitivity  based  on  0.001  as  the  smallest  extinction  (log  Ia/I)  that 
iin  be  measured.  In  other  words,  visual  comparison  is  roughly 
3  sensitive  as  photometric  measurement  in  an  absorption  cell  of 
-cm.  thickness  when  the  volume  of  the  solution  is  5  ml. 


Only  one  ether  extraction  of  the  aqueous  solution  is  made.  The 
partition  coefficient  of  the  tungsten  complex  is  such  that  the  latter 
is  concentrated  in  the  ether  even  when  the  volume  of  the  aqueous 
phase  is  much  greater.  Any  error  due  to  unextracted  tungsten 
is  cancelled  by  treating  the  standard  solution  in  the  same  manner. 
The  salt  solution  used  to  prepare  the  aqueous  standard  solution 
is  treated  with  hydrogen  sulfide  to  remove  any  traces  of  molyb¬ 
denum  that  may  be  present.  The  error  in  comparing  a  solution  con¬ 
taining  1  microgram  of  tungsten  with  a  standard  of  similar  concen¬ 
tration  may  amount  to  ±0.3  microgram,  but  is  less  on  the  average. 

Comparatively  few  elements  will  survive  the  sodium  hydroxide 
and  hydrogen  sulfide  precipitations  and  find  their  way  into  the 
final  aqueous  solution.  Chief  among  these,  which  may  have  an 
effect  on  the  determination  of  tungsten,  are  phosphorus  and  vana¬ 
dium.  Phosphate  (10  mg.  of  phosphorus  pentoxide)  was  found 
to  have  no  effect.  Borate  also  did  not  interfere.  Vanadium, 
however,  produces  a  coloration  similar  to  that  given  by  tungsten 
under  the  conditions  of  the  determination.  Hoffman  and  Lundell 
(i 6 )  have  already  observed  that  vanadium  interferes  to  a  slight  ex¬ 
tent  in  the  analogous  determination  of  molybdenum  with  thio¬ 
cyanate  (ethyl  ether  as  extractant)  by  giving  a  color  about  V200  as 
strong  as  molybdenum.  In  the  procedure  described  below  500  mi¬ 
crograms  of  vanadium  sesquioxide  produce  as  much  color  as  1  =*= 
0.2  microgram  of  tungsten.  The  hue  of  the  vanadium  compound 
is  somewhat  more  brown  than  that  of  the  tungsten  complex  in 
ether  solution,  but  the  two  are  not  readily  distinguishable  at  low 
concentrations.  The  amount  of  vanadium  in  silicic  rocks  is  too 
small  to  affect  the  determination  of  tungsten  by  a  detectable  quan¬ 
tity.  In  intermediate  rocks  it  is  possible  that  enough  vanadium 
may  at  times  be  present  to  give  an  appreciable  positive  error. 
Thus  a  sample  containing  0.03%  of  vanadium  sesquioxide  would 
show  an  approximate  apparent  tungsten  content  of  0.6  p.p.m. 

Although  a  vanadium  oxide  content  of  0.03%  is  not  likely  to  be 
encountered  in  rocks  for  which  the  proposed  method  is  intended, 
the  possibility  of  error  from  the  presence  of  vanadium  must  be 
borne  in  mind.  The  vanadium  content  of  the  sample  can  be 
determined  on  a  separate  portion  (9).  Then,  if  the  quantity  of 
vanadium  in  the  sample  warrants,  the  equivalent  amount  of 
vanadate  can  be  added  to  the  standards  to  compensate  the  color 
produced  in  the  sample  solution.  The  possibility  of  determining 
vanadium  directly  in  the  sample  solution,  prior  to  the  addition 
of  thiocyanate  and  stannous  chloride,  by  adding  a  little  hydrogen 
peroxide  was  considered,  but  this  does  not  seem  to  be  a  desirable 
procedure  because  of  the  common  presence  of  a  trace  of  iron,  and 
possibly  of  titanium,  in  this  solution. 


Table  III.  Composition  of  Samples  in  Table  II 


A12Oi 

Fe20s 

FeO 

MgO 

CaO 

Na20 

K2O 

Ti02 

P206 

MnO  * 

17 

2.1 

1.3 

2.2 

0.2 

0.1 

0.1 

15.2 

0.6 

3^3 

0.8 

2.0 

3.4 

5.'i 

0.67 

0.23 

0.08 

16.6 

1.3 

2.5 

1.1 

3.4 

4.1 

3.7 

0.57 

0.17 

0.08 

16.3 

1.3 

4.0 

2.7 

5.3 

3.5 

2.6 

0.89 

0.21 

0.08 

15.5 

2.5 

3.6 

3.1 

5.7 

3.4 

1.8 

0.88 

0.26 

0.14 

14.5 

7.4 

5.6 

3.7 

8.0 

3.2 

1.1 

1.76 

0.25 

0.24 

With  the  exception  of  vanadium,  no  element  that  can  be  present 
is  known  to  give  a  coloration  with  thiocyanate  and  stannous  chlo¬ 
ride  in  the  final  solution  obtained  according  to  the  procedure  de¬ 
scribed  below.  Any  rhenium  escaping  separation  in  the  prelimi¬ 
nary  treatment  would  produce  a  color  resembling  that  of  molyb¬ 
denum  in  the  final  solution,  but  since  the  amount  of  rhenium  in 
igneous  rocks  is  of  the  order  of  0.001  p.p.m.,  its  effect  can  be  left 
out  of  account.  Columbium  and  tantalum  are  without  effect 
(18).  Uranium  in  small  amount  was  found  to  impart  no  color 
to  the  ether  phase.  Titanium  in  small  amount  together  with 
phosphate  gave  no  color.  Fluoride  in  comparatively  large 
amounts  tends  to  decrease  the  tungsten  color  intensity,  but  it  will 
not  be  present. 


SiOj 

Synthetic 

silicic  rock 

77 

Granodiorite 

68.2 

Quartz 

monzonite 

65.6 

Diorite  A 

62.6 

Diorite  B 

61.5 

Diabase 

52.7 
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A  small  amount  of  iron  is  always  present  in  the  filtrate  from  the 
sodium  hydroxide  precipitation, 'apparently  in  colloidal  form. 
Frequently  more  iron  is  present  in  the  filtrate  from  a  silicic  rock 
than  in  that  from  a  subsilicic  one.  The  iron  thus  introduced  im¬ 
parts  a  yellowish  color  to  the  acid  tartrate  solution  but  does  not 
interfere  in  the  determination  of  tungsten.  One  milligram  of 
Fe203  intentionally  added  produced  no  coloration  in  the  ether. 
However,  in  some  of  the  determinations  the  ether  solution  of  the 
tungsten  complex  darkened  slightly  on  long  standing.  This  dark¬ 
ening,  with  a  change  in  hue  to  brownish,  may  possibly  be  due  to 
the  presence  of  iron.  No  error  results  if  the  color  comparison  is 
made  immediately  after  extraction.  It  was  observed  that  the 
color  of  an  old  extract  could  be  restored  to  the  original  hue  and 
intensity  by  adding  a  few  drops  of  10%  stannous  chloride  in  con¬ 
centrated  hydrochloric  acid  to  the  tube  together  with  an  equal 
volume  of  water  and  shaking  well. 

Platinum,  introduced  in  traces  as  a  result  of  attack  in  the  de¬ 
composition,  might  be  expected  to  interfere  by  being  reduced  to 
chloroplatinous  acid,  soluble  in  ether  with  a  yellow  color,  if  not 
completely  removed  as  sulfide.  The  possibility  of  error  from  this 
source  was  investigated  by  carrying  a  sample  of  granodiorite 
through  the  procedure  as  described  below,  except  that  thiocyanate 
was  omitted  in  the  final  colorimetric  determination.  The  ether 
extract  was  not  perceptibly  colored;  it  could  not  be  distinguished 
from  a  blank.  The  tungsten  complex  was  formed  when  thio¬ 
cyanate  was  added  to  the  extracted  aqueous  solution. 

When  the  tungsten  content  of  the  sample  is  greater  than  2 
p.p.m.,  the  hue  of  the  ether  extract  offers  considerable  evidence 
that  the  coloration  is  actually  due  to  tungsten  and  not  to  some 
other  substance.  The  tungsten  complex  has  a  characteristic 
pure  yellow  color  easily  distinguishable  from  the  amber  of  the 
molybdenum  thiocyanate. 

The  possibility  of  using  ethyl  acetate  instead  of  ether  as  an  ex¬ 
tractant  for  the  tungsten  thiocyanate  complex  was  investigated, 
but  it  was  found  that  the  former  solvent  was  less  suitable  because 
it  was  more  strongly  colored  by  vanadium  (and  molybdenum) 
than  was  ethyl  ether  under  the  conditions  of  the  determination. 
It  is  possible  that  pure  isopropyl  ether  can  be  used  in  place  of  the 
more  volatile  ethyl  ether.  Isopropyl  ether  has  been  used  by 
Cunningham  ( 1 )  as  an  extractant  for  the  tungsten  thiocyanate 
complex  in  procedures  for  the  determination  of  tungsten  in  low- 
grade  ores  and  tailings. 

No  tungsten  was  found  in  the  reagents. 

SPECIAL  SOLUTIONS 

Sodium  Hydroxide,  10  grams  in  100  ml.  of  water. 

Tartaric  Acid,  50  grams  in  100  ml.  of  solution. 

Antimony  Pentachloride,  0.5%  antimony  in  4  N  hydrochloric 
acid.  This  solution  may  be  prepared  by  adding  saturated  potas¬ 
sium  bromate  solution  to  a  hot  antimony  trichloride  solution  con¬ 
taining  0.5%  antimony  in  4  N  hydrochloric  acid  until  the  color  of 
bromine  appears. 

Potassium  Thiocyanate,  10  grams  in  100  ml.  of  water. 

Stannous  Chloride,  5  grams  of  the  dihydrate  in  100  ml.  of  con¬ 
centrated  hydrochloric  acid.  The  solution  should  not  be  older 
than  a  month. 

Ethyl  Ether.  Only  the  reagent  grade  product  should  be  used. 
The  best  quality  ether  need  not  be  subjected  to  any  purification 
procedure  before  use. 

Salt  Solution  for  Standards.  Dissolve  50  grams  of  sodium 
hydroxide  and  10.0  grams  of  tartaric  acid  in  250  ml.  of  water  and 
add  to  the  cold  solution  225  ml.  of  6  N  sulfuric  acid  and  10  ml.  of 
antimony  pentachloride  solution.  Pass  a  rapid  stream  of  hydro¬ 
gen  sulfide  into  this  solution,  cooled  to  room  temperature,  for  0.5 
hour.  Allow  the  mixture  to  stand  overnight  and  filter  off  the 
precipitate  on  a  retentive  paper. 

Standard  Tungsten  Solution,  100  micrograms  of  tungsten  per 
milliliter.  Prepare  by  dissolving  pure  sodium  tungstate  dihy¬ 
drate  in  water  and  diluting  to  volume  O4.2II2O  _  1 

COLOR  COMPARISON  TUBES 

These  should  have  a  capacity  of  5  ml.  with  the  dimensions  1.2 
X  8  cm.,  and  should  be  provided  with  glass  stoppers.  A  narrow 


strip  of  millimeter  graph  paper  is  glued  to  the  back  of  each  tub.  \ 
to  serve  as  a  scale  for  reading  the  height  of  the  liquid  column  , 
The  paper  strip  should  be  waterproofed  with  paraffin  or  othe 
suitable  material. 

PROCEDURE 

Transfer  1.0  gram  of  100-mesh  silicic  rock  or  0.8  gram  of  medio 
silicic  rock  to  a  platinum  dish  and  add  5  ml.  of  6  N  sulfuric  acid 
2  ml.  of  concentrated  nitric  acid,  and  5  ml.  of  48%  hydrofluori. 
acid.  Evaporate  to  dryness  and  heat  the  residue  until  fumes  o 
sulfuric  acid  cease  to  come  off.  Add  1  ml.  of  6  N  sulfuric  acic  1 
and  a  few  milliliters  of  water  to  the  dish  and  warm  with  stirrinf  ■ 
to  bring  as  much  as  possible  of  the  salts  into  solution.  Theil 
evaporate  to  dryness  and  fume  off  the  excess  of  sulfuric  acid  a 
approximately  350°  C.  Add  1  ml.  of  6  N  sulfuric  acid  and  10  ml 
of  water  and  digest  slightly  below  the  boiling  point  for  15  or  3( 
minutes  while  stirring  at  intervals.  Disregard  undissolved  ma 
terial. 

Sodium  Hydroxide  Precipitation.  Add  the  mixture  drop 
wise  with  stirring  to  15  ml.  of  hot  sodium  hydroxide  solution  in  1 
50-ml.  beaker.  Pour  the  liquid  back  into  the  platinum  dish  anc 
digest  slightly  below  the  boiling  point  for  about  15  minutes 
Filter  the  mixture  through  a  sintered-glass  crucible  (Jena  1G4  or 
equivalent),  catching  the  filtrate  in  a  vial  or  test  tube  hung  insidt 
the  suction  flask.  Wash  the  precipitate,  which  has  been  suckec 
dry,  with  2  or  3  ml.  of  water.  Transfer  the  filtrate  to  a  50-ml 
beaker  and  place  on  a  steam  bath  to  reduce  the  volume  by  evapo¬ 
ration. 

By  means  of  a  stirring  rod  transfer  most  of  the  precipitate  ir 
the  crucible  to  the  beaker  in  which  the  precipitation  was  made 
Clean  the  platinum  dish  with  about  5  ml.  of  1  to  1  hydrochloric 
acid  and  pour  the  solution  into  the  crucible.  Without  applying 
suction,  allow  the  precipitate  remaining  in  the  crucible  to  dis¬ 
solve  and  then  pour  the  solution  into  the  beaker  containing  the 
solution  of  the  major  part  of  the  precipitate.  Now  apply  suctior 
and  wash  the  crucible  with  a  few  milliliters  of  water.  Add  the 
washings  to  the  solution  of  the  precipitate  and  evaporate  the 
whole  to  a  volume  of  a  few  drops.  Dilute  with  5  ml.  of  water  and 
add  the  solution  dropwise  to  10  ml.  of  hot  sodium  hydroxide 
solution.  Keep  the  mixture  slightly  below  the  boiling  point  foi 
10  or  15  minutes  and  then  filter  through  a  sintered-glass  crucible. 
Wash  with  two  portions  of  water  totaling  5  ml.  Combine  the 
filtrate  and  washings  with  those  from  the  first  precipitation  and 
evaporate  the  whole  to  a  volume  of  15  ml. 

Hydrogen  Sulfide  Precipitation.  Cool  the  evaporated 
solution  to  room  temperature  and  add  6  N  sulfuric  acid  dropwise 
with  stirring  until  a  slight  permanent  precipitate  of  aluminum 
hydroxide  is  formed.  Then  add  1.0  ml.  of  tartaric  acid  solution, 
0.5  ml.  of  6  IV  sulfuric  acid,  and  0.2  ml.  of  antimonic  chloride 
solution.  If  necessary  allow  the  solution  to  stand  until  it  becomes 
clear.  Cover  the  beaker  and  pass  in  a  rapid  stream  of  hydrogen 
sulfide  for  10  minutes.  Then  heat  the  solution  to  the  boiling 
point  while  continuing  the  passage  of  hydrogen  sulfide,  keep  at 
the  boiling  point  for  a  few  minutes,  remove  the  beaker  from  the 
heat,  and  pass  in  the  gas  for  another  5  or  10  minutes.  Stirring 
during  this  interval  aids  in  the  coagulation  of  the  precipitate. 
Allow  the  precipitate  to  stand  for  2  hours  or  preferably  overnight. 

Filter  off  the  sulfide  precipitate  on  a  small  (5-cm.)  filter  paper 
of  fine  texture  and  wash  with  a  few  milliliters  of  hydrogen  sulfide 
water  containing  a  drop  of  6  N  sulfuric  acid.  Evaporate  the 
combined  filtrate  and  washings  to  15  ml.  Cool  the  solution  to 
room  temperature  and  add  5  drops  of  bromine  water  (a  yellow 
color  should  persist  for  a  minute  or  two)  and  0.2  ml.  of  antimonic 
chloride  solution.  Precipitate  with  hydrogen  sulfide  as  before. 
Allow  the  precipitate  to  stand  overnight  and  filter  it  off  on  a  small 
retentive  filter  paper  which  has  been  washed  with  a  •l  ittle  dilute 
(0.5  N)  sulfuric  acid.  Wash  the  precipitate  with  2  or  3  ml.  of 
cold  water  containing  a  drop  of  6  N  sulfuric  acid. 

Determination  of  Tungsten.  Evaporate  the  combined  fil¬ 
trate  and  washings  from  the  second  sulfide  precipitation  to  a 
volume  of  15  ml.  in  a  50-ml.  beaker.  At  the  same  time  evaporate 
25-ml.  portions  of  the  salt  solution  for  the  standards  to  which  have 
been  added  1,  2,  and  3  micrograms  of  tungsten,  respectively.  If 
the  vanadium  content  of  the  sample  is  equal  to,  or  greater  than, 
0.02%  (0.03%  vanadium  sesquioxide),  add  an  amount  of  am¬ 
monium  metavanadate  equivalent  to  the  quantity  of  vanadium 
in  the  sample  to  each  of  the  standards  (see  Discussion,  p.  163). 

Cool  each  solution  to  room  temperature  (20°  C.),  transfer  to  a 
small  separatory  funnel,  and  extract  with  5  ml.  of  ether.  Draw 
off  the  aqueous  solution  in  each  case  and  wash  the  ether  layer 
in  the  funnel  with  1  or  2  ml.  of  water,  adding  the  latter  to  the  ex¬ 
tracted  aqueous  solution.  If  the  ether  extract  from  the  sample 
solution  shows  an  appreciable  coloration  (compare  in  a  small  vial 
against  the  ether  from  one  of  the  standard  solutions),  extract  the 
aqueous  solution  once  more  with  2  to  3  ml.  of  ether.  Discard  the 
ether  extracts. 
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Treat  the  extracted  sample  and  standard  solutions  with  1.0  ml. 
of  potassium  thiocyanate  and  10  ml.  of  stannous  chloride  solution. 
If  necessary  adjust  the  volumes  to  equality  by  adding  water  until 
the  heights  of  the  solutions  in  the  beakers  are  the  same.  The 
volume  should  lie  between  25  and  30  ml.;  if  it  is  less  than  25  ml., 
salt  is  almost  certain  to  crystallize  out.  After  mixing,  set  the 
solutions  aside  at  25°  to  30°  C.  for  an  hour. 

Cool  the  solutions  to  20°  C.  or  slightly  less  and  transfer  to  sepa¬ 
ratory  funnels.  Extract  each  solution  with  5.0  ml.  of  ether  by 
shaking  for  15  seconds.  Allow  the  phases  to  separate,  drain  off 
the  aqueous  solutions,  and  run  the  ether  layers  into  the  color 
comparison  tubes.  If  desired  the  funnels  can  be  rinsed  with  1  ml. 
of  ether.  Compare  the  tubes  axially  against  a  white  background 
in  good  light.  Pick  out  the  standard  having  a  color  intensity 
closest  to  the  sample.  By’ means  of  a  glass  tube  remove  small 
volumes  of  ether  from  the  standard  or  the  sample  tube,  as  the  case 
requires,  until  the  two  solutions  show  the  same  color  intensity. 
Usually  it  is  best  to  note  the  heights  of  the  solution  being  with¬ 
drawn  at  which  it  is  just  perceptibly  darker  and  lighter,  respec¬ 
tively,  than  the  solution  against  which  comparison  is  made.  The 
■intermediate  height  is  then  taken  as  the  matching  height.  This 
(operation  should  be  carried  out  in  a  cool  environment  (20°  C.)  to 
avoid  undue  loss  of  ether  by  evaporation.  Find  the  tungsten  con¬ 
sent  of  the  sample  from  the  ratio  of  the  matching  height  to  the 

I 


original  height  of  the  solution  whose  depth  is  varied.  Run  a 
blank  through  all  steps  of  the  procedure. 
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Equations  of  Thixotropic  Breakdown  for  the  Rotational 

Viscometer 

HENRY  GREEN  and  RUTH  N.  WELTMANN 

Research  Laboratories,  Interchemical  Corporation,  New  York,  N.  Y. 


'undamental  principles  of  the  thixotropic  hysteresis  loop  and  equa- 
ions  of  thixotropic  breakdown  as  produced  by  the  rotational  vis- 
:ometer  are  presented.  The  work  has  practical  applications  in 
Minting  and  in  all  other  types  of  coatings  where  changes  in  con¬ 
sistency  may  affect  the  quality  of  the  manufactured  product.  The 
equations  developed  give  the  relationship  between  consistency 
ind  rate  or  duration  of  shear  applied  to  the  material  and  enable  cal- 
zulation  of  plastic  viscosity  and  yield  value  for  any  rate  of  shear 
hat  is  desired. 

IN  A  previous  paper  (2)  on  thixotropy,  it  was  experimentally 
shown  (with  pigment-vehicle  suspensions)  that  breakdown 
:an  be  induced  in  two  ways — the  “breakdown  by  time”  and 
he  “breakdown  by  rate  of  shear”.  The  first  is  exemplified  by 
iipplying  a  constant  rate  of  shear  for  a  sufficient  time.  Break- 
lown  will  continue  until  all  bonds  below  a  certain  strength  are 
>roken  and  equilibrium  is  attained.  The  second  way  is  em¬ 
ployed  when  further  breakdown  is  required.  In  this  case,  it  is 
lecessary  to  increase  the  rate  of  shear,  making  more  power  avail- 
tble;  then  stronger  bonds  are  broken. 

In  the  authors’  work  on  thixotropy,  the  rotational  viscometer 
1 )  has. been  used  exclusively.  There  are  several  reasons  for 
loing  this:  The  material  under  test  is  not  lost  by  extrusion,  but 
emains  in  the  viscometer  cup;  hence  the  results  of  increasing 
ireakdown  can  be  continuously  recorded;  the  rate  of  shear  em¬ 
ployed  can  be  regulated  by  adjusting  the  r.p.m.;  and  the  Reiner 
nd  Riwlin  equation  (3)  can  be  applied  for  determining  plastic 
dscosity  and  yield  value. 

I  The  consistency  curve  obtained  with  the  rotational  viscometer 
5  composed  of  an  upcurve  and  a  downcurve.  These  curves  do 
ot  coincide  when  the  material  is  thixotropic,  thus  forming  a 
hysteresis”  loop,  used  for  measuring  thixotropic  breakdown, 
t  is  not  formed  when  the  measurements  are  obtained  with  an 
xtrusion  viscometer. 

Assuming  as  previously  (2),  that  breakdown  is  proportional 
io  the  top  rate  of  shear  it  has  been  shown  that 

2 u 

eM  =  k/o> 2  (1) 


where  U  is  the  plastic  viscosity,  03  the  top  angular  velocity,  k  a 
constant  for  the  upcurve  of  the  loop,  and  M  a  coefficient  of  thixo¬ 
tropic  breakdown.  An  analysis  (2)  of  the  mathematical  pro¬ 
cedure  leading  to  M  will  show  that  it  is  the  loss  in  shearing  force 
per  cm.2  per  unit  increase  in  rate  of  shear. 

Because  no  action  can  take  place  in  zero  time,  it  follows  that  if 
os  is  raised  to  w  +  dw,  a  time  dt  is  involved.  The  coefficient  M , 
therefore,  is  in  some  way  associated  with  time.  It  is  important 
that  the  exact  nature  of  this  association  be  understood,  because 
the  investigator  would  like  to  know  if  M  is  an  attribute  only  of 
the  test  material,  or  whether  its  value  also  depends  on  the  method 
of  carrying  out  the  measurement. 

When  a  constant  rate  of  shear  is  applied  to  a  thixotropic  mate¬ 
rial,  the  plastic  viscosity  decreases  with  the  logarithm  of  the 
time.  This  has  been  shown  by  Weltmann  (5),  and  has  been  ex¬ 
pressed  as : 


B  is  a  constant  and  is  called  the  “time  coefficient”  of  thixo¬ 
tropic  breakdown.  In  order  to  show  the  relation  between  M  and 
time,  it  is  necessary  only  to  combine  Equations  1  and  2.  Before 
doing  this,  it  should  be  explained  more  fully  what  is  meant  by 
“time”. 

If  an  unbroken  material  is  placed  in  the  viscometer  and  a  con¬ 
stant  shearing  force  applied  resulting  from  an  angular  velocity 
03,  the  material  will  break  down  with  a  rate  B/t  as  given  in 
Equation  2.  If  the  torque  at  point  A,  Figure  1,  is  the  initial 
and  therefore  maximum  torque  acquired  for  an  angular  velocity 
03,  then  after  a  certain  time,  t,  point  C  will  be  reached  because 
tbe  material  is  steadily  -breaking  down.  If  fresh  material  of  the 
same  kind  as  before  is  now  used  and  the  upcurve,  starting  at 
point  B,  is  made,  it  will  be  found  that  when  the  time  is  correctly 
adjusted,  the  curve  will  meet  point  C  in  exactly  the  same  time, 
t,  which  it  took  when  starting  from  A.  If  the  time  of  the  up¬ 
curve  is  adjusted  too  short,  the  curve  will  meet  some  point  C' : 
if  too  long,  some  point  C".  The  conclusion  is  that  the  time 
needed  to  attain  a  certain  broken  down  state  such  as  exists  at 
C  is  the  same  regardless  of  the  path  taken — i.e.,  from  A  to  C  or 
from  B  to  C.  This  means  that  time  t  in  Equation  2  when  going 
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from  A  to  C  is  the  same  as  the  time  of  the  upcurve  of  the  hys¬ 
teresis  loop  implied  in  Equation  1,  when  going  from  B  to  C. 

In  obtaining  the  upcurve  a  definite  number,  N,  of  experimental 
points  are  made.  To  each  point  is  given  the  same  amount  of  time 
(At).  Adjacent  points  are  separated  by  the  same  number  of 
r.p.m.  Hence  t  =  2(  At)  and  is  proportional  to  w.  Consequently, 


t  =  Rco 

(3) 

M  =  t/N 

(4) 

where  R  is  the  proportionality  constant. 

SYMBOLS  USED  IN  PAPER 

A.  Area  of  hysteresis  loop 

Ag.  Area  of  equilibrium  hysteresis  loop 

B.  Coefficient  of  thixotropic  breakdown  with  time 

C.  Rotational  viscometer  constant  for  calculating  / 

At.  Time  element  for  each  point  on  curve 

/.  Yield  value 

f .  Yield  values  at  different  top  rates  of  shear 
h.  Depth  of  immersion  of  bob 

J.  Slope  of  the  yield  value  curve,/  vs.  (w  —  wo) 

K.  Proportionality  constant.  Independent  of  At 

k.  Proportionality  constant.  Not  independent  of  At 
fee.  Value  of  k  when  M0  takes  the  place  of  M.  Independent 
of  At 

k'.  Value  of  k  when  go0  is  finite.  Not  independent  of  At 
k".  Proportionality  constant  in  yield  value  curve,  /  vs. 
(w  —  oj0).  Independent  of  At 

M.  Coefficient  of  thixotropic  breakdown  for  increasing  w. 

It  contains  B,  which  being  constant  permits  M  to  be 
independent  of  time 

Mo.  That  part  of  M  associated  only  with  rate  of  shear.  Inde¬ 
pendent  of  At 

N.  Number  of  points  on  upcurve 
to.  Angular  velocity 

too.  Angular  velocity  of  crossing  point 

R.  Proportionality  constant  between  to  and  t 
Rb.  Radius  of  bob 

Rc-  Radius  of  cup 

RPM.  Revolutions  per  minute  at  top  point  of  curve 

rpm.  Revolutions  per  minute 

(rpm) o.  Revolutions  per  minute  at  crossing  point 

S.  Rotational  viscometer  constant  for  determining  U 
t.  Total  time  in  reaching  top  point  of  curve 

tg.  Total  time  in  reaching  top  point  in  equilibrium  curve 

T.  Torque 

Tr.  Torque  at  top  point  of  equilibrium  curve 
T 2.  Torque  of  yield  value  intercept 
T wo-  Torque  at  crossing  point 

V.  Coefficient  of  thixotropic  breakdown  when  yield  value  inter¬ 
cept  is  not  constant.  Independent  of  At 

INTRODUCTION  OF  TIME 

Returning  to  the  addition  of  Equations  1  and  2. 

From  what  has  been  stated,  it  is  reasonable  to  assume  that  M 
is  composed  of  two  factors,  the  one  factor  arising  from  increasing 
the  rate  of  shear  (expressed  by  an  increase,  dw,  in  the  angular 
velocity);  and  the  other  resulting  from  the  duration  of  the  shear¬ 
ing  force  (equal  to  dt  for  the  increase  dw).  Let  M0  be  the  part 


of  M  associated  only  with  an  increase  in  w.  Then  making  th( 
same  basic  assumption  as  made  in  the  previous  paper,  that  th< 
thixotropic  loss  in  torque  (the  torque  that  corresponds  to  the  los: 
in  shearing  force)  is  proportional  to  the  rate  of  shear,  it  follows 
that 

e2VJM*  -  ko/w2  (5’ 

where  Mo  and  k0  have  values  that  differ  from  the  previous  M  anc 
k;  and  U  is  designated  at  Ua  to  distinguish  it  from  the  U  deter¬ 
mined  under  normal  conditions.  From  Equations  5  and  2, 

dUa  =  —  Modlnw  (6) 

dTJt  =  —  Bdlpt  (7) 

Adding  gives 

dUu  +  dUt  =  dU  =  —Modlnw  —  Bdlnt  (8) 

where  Ut  is  the  change  in  U  induced  only  by  the  duration  of  the 
shearing  force. 

Integrating  gives 

U  =  -Molnw  -  Bint  +  lnK^/2  (9) 

where  \nKMo/2  js  the  constant  of  integration.  K  is  given  the 
exponent  M0/2  so  that  it  will  be  dimensionally  correct.  The 
introduction  of  M0  is  permissible  because  M0  is  independent  of 
t  and  w. 

Condensing  9  gives 

e2U/Mo  =  K/w2t2B/M,  (10) 

Our  hypothesis  in  regard  to  the  dual  nature  of  M  specifies  that 
M  =  Mo  +  X,  where  X  is  some  unknown  factor  related  to  time. 
The  next  step  is  to  find  what  X  actually  is.  Using  two  points, 
(I7i«i)  and  (f72w2),  it  can  be  shown  with  the  aid  of  Equation  10 
that 

Mo  =  2(17,  -  U2)/\n(w\/w\)  -  B(\n(tl/tl)/ln(wl/wl)]  (11) 

It  has  been  previously  established  (2)  that 

2(TJX  -  U,)/ ln(«l/«!)  =  M  (12) 

Substituting  12  in  11  and  making  t  =  Rw  (see  Equation  3) 
gives 

M  =  Mo  +  B  (13) 

The  unknown  quantity,  X,  is  therefore  B,  the  time  coefficient 
of  thixotropic  breakdown. 

Substituting  Equation  13  in  Equation  10  gives 

e2U/(.M  -  B)  =  K/w2fiB/{M  -  B)  (14) 

and 

e2U/M  =  K(M  -  B)/M/(jJ2{M  -  B)/Mt2B/M  (15) 


Figure  2.  Experimental  Data  of  ln(1 //?PM2)  versus  U  Obtained  wit 
Different  Timed  Flow  Upcurves  for  One  Pigment  Suspension 
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EXPERIMENTAL  PROOF  OF  INDEPENDENCE  OF  M  AND  (AO 

From  Equation  1  it  is  evident  that  when  U  is  plotted  against 
ln(l/co2),  a  straight  line  results  with  a  slope  equal  to  2/M.  A 
change  in  ( At)  moves  the  straight  line  parallel  with  itself,  thus 
maintaining  the  same  slope.  This  means  that  M  does  not  vary 
and  is  independent  of  (At).  The  experimental  evidence  of  this 
has  been  obtained  for  various  pigment  suspensions.  The  curves 
for  one  of  these  suspensions  is  shown  in  Figure  2. 


EFFECT  OF  TIME  ON  UPCURVE  AND  ON  AREA  EQUATIONS 

Plastic  viscosity  is 

U  —  (T  —  T2)S/w  (16) 

Substituting  16  in  15  gives  the  equation  of  the  upcurve: 

m  (if  —  B)w.  „  (M  —  B)u.  Bo>. 

T  =  - - ^  ■  InA  -  -i - -g — —Into  -  -gin  t  +  T2  (17) 

It  has  been  shown  ( 2 )  that  the  area  of  the  hysteresis  loop  is 
A  =  Ma*/4S  (18) 


Since  M  is  independent  of  ( A(),  the  area  is  not  affected  by  any 
3hange  in  (At).  This  is  not  true  of  the  equilibrium  hysteresis 
oop.  The  equilibrium  loop  is  made  by  allowing  the  top  shearing 
Force  to  act  until  equilibrium  is  attained.  The  downcurve  is 
ihen  made.  Referring  to  Figure  3,  the  normal  loop  is  A  DBA; 
;he  equilibrium  loop  is  ADBCA.  Its  area  will  be  designated  as 
4 b  and  the  equilibrium  time  as  is-  The  time  of  the  upcurve, 
ADB,  is  t. 

The  area  of  the  normal  loop,  as  before,  is  A.  Then 

,  Aa  =  A  +  (T  —  Te) «/2  (19) 

Uso 


Te  =  (~-2g"-)t?1n K  - 


( M  —  B)w.  Bo>.  „ 

- g - Into  —  -g-ln  Ie  +  T2  (20) 


Subtracting  Equation  20  from  Equation  17  gives 

T  -  Te  =  ~  In  (tx/t)  (21) 


Substituting  Equations  18  and  21  in  Equation  19  gives 

Ab  =  + wia{tE/t))  (22) 

Since  to,  M,  S,  B,  and  Ie  are  constants,  Equation  22  is  of  the 

orm 

As  =  a  —  61n(  ,  (23) 

Equation  23  gives  a  linear  curve  with  a  negative  slope  when 
1*  is  plotted  against  Inf. 


In  the  authors’  initial  work  on  the  loop  area,  it  was  impossible 
o  determine  from  experimental  data  whether  the  abscissa  should 
<e  t  or  Inf.  Both  forms  seemed  to  give  a  linear  relationship  with 


Figure  4.  Schematic  Flow  Curve  Demonstrating  a  Common 
Crossing  Point  at  io0  for  Different  Downcurves 


the  loop  areas.  The  shape  of  the  curve  was  not  noticeably  af¬ 
fected  by  shifting  from  f  to  Inf,  so  no  decision  could  be  made  as  to 
which  expression  was  correct.  Equation  22  was  not  then  avail¬ 
able  as  a  guide;  so  the  simpler  of  the  two  forms  was  selected 
and  the  abscissa  was  plotted  as  t.  The  experimental  difficulties 
in  obtaining  a  large  series  of  equilibrium  loops  on  a  single  thixo¬ 
tropic  material  are  not  small;  consequently,  the  experimental 
points  deviate  somewhat  from  their  linear  position,  making  a 
double  decision  possible.  In  the  original  paper  (2)  the  laboratory 
measurements  indicated  that  curve  A,  Figure  4,  made  a  small 
angle  with  the  horizontal.  Since  t  does  not  affect  the  area  of  the 
normal  loop,  it  is  evident  that  this  small  angle  should  have  been 
zero.  Subsequent  data  have  shown  that  this  small  angle  is  within 
the  limit  of  experimental  error. 

DIFFERENCE  BETWEEN  k  AND  K 

When  a  thixotropic  material  breaks  down,  it  does  so  in  accord¬ 
ance  with  Equations  1  and  15. 


Let  it  be  assumed  that  breakdown  can  be  continued  until 
U  actually  becomes  equal  to  zero.  It  can  then  be  seen  that  k  and 
K  are  equal  to  the  squares  of  the  theoretically  highest  angular 
velocities.  These  two  constants  do  not  behave  alike.  In  Equa¬ 
tion  1,  a  change  in  (At)  cannot  affect  M  or  B.  Such  a  change, 
therefore,  must  alter  the  value  of  k.  This  it  does,  as  can  be  seen 
from  the  different  intercepts  of  the  series  of  curves  given  in 
Figure  2.  In  Equation  15,  t  is  included;  so  any  variation  in 
( At)  affects  t  and  thus  allows  K  to  remain  constant. 

A  direct  comparison  of  k  and  K  can  be  made.  Substituting 
t  =  Ruin  Equation  14;  then 

e2U/(M  -  B)  =  K/(Rco)2B/(M  -  B)w 2  (24) 

and 

e2U/M  =  -  B)/M/R2B/M0}*  (25) 

Comparing  Equation  25  with  Equation  1  shows  that 


k  =  /R2B/M 


(26) 
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The  preceding  work  has  been  developed  for  the  purpose  of  show¬ 
ing  that  M  and  B  define  that  property  of  a  thixotropic  material 
that  regulates  its  method  and  extent  of  breakdown.  Neither  M 
nor  B  is  a  “coefficient  of  thixotropy”,  for  that  term  refers  to  a 
property  that  cannot  be  expressed  dimensionally.  It  falls  in  the 
same  category  with*  concepts  like  “toughness”,  “brittleness”, 
and  “hardness”.  On  the  other  hand,  thixotropic  breakdown  is  a 
physical  reaction  subject  to  measurement.  M  gives  the  drop 
in  plastic  viscosity  resulting  from  a  unit  increase  in  rate  of  shear. 
M  has  been  shown  in  this  paper  to  be  independent  of  the  speed 
at  which  the  upcurve  is  made,  and  therefore  belongs  entirely  to 
the  material.  It  does  not  depend  on  the  dimensions  of  the  vis¬ 
cometer  or  on  the  method  of  measurement  being  applied.  B, 
likewise,  has  been  shown  to  be  independent  of  the  instrument 
and  of  time. 

CHANGE  IN  YIELD  VALUE  INTERCEPT  WITH  THIXOTROPIC  BREAKDOWN 

In  the  authors’  previous  paper  on  thixotropy,  the  decrease  in 
plastic  viscosity  resulting  from  thixotropic  breakdown  was  de¬ 
scribed.  No  mention  was  made  at  that  time  of  any  corresponding 
change  in  the  yield  value  intercept  because  such  an  effect  was 
considered  comparatively  negligible  in  the  materials  chosen 
for  investigation.  Subsequently,  a  change  in  the  intercept  was 
described  briefly  by  Weltmann  (4),  and  reference  made  to  this 
paper  for  further  information.  This  aspect  of  thixotropic  break¬ 
down  will  now  be  discussed. 

Since  structure  produces  yield  value,  it  would  be  expected  that 
breakdown  would  decrease  the  size  of  the  yield  value  intercept. 
This  does  not  seem  to  happen.  The  size  of  the  intercept  either 
remains  practically  unaltered  or  else  actually  increases.  Stir¬ 
ring,  however,  does  break  down  the  initial  static  yield  value, 
but  this  takes  place  so  rapidly  that  no  record  of  the  breakdown 
is  shown  when  the  viscometer  is  hand-operated.  The  yield  value 
actually  appearing  in  the  consistency  curve  is  a  dynamically 
determined  one.  The  dynamic  yield  value  is  near  the  point  where 
the  velocity  of  structural  breakdown  is  equal  to  the  velocity  of 
buildup.  The  static  yield  value  is  that  which  exists  before  the 
material  has  been  touched  by  any  stirring  device.  Obviously,  it 
is  greater  than  the  dynamic  yield  value. 

It  has  been  found  that  for  heavy  pigment-vehicle  suspensions, 
breakdown  with  time  does  not  materially  alter  the  yield  value 


intercept  (5).  On  the  other 
hand,  breakdown  by  rate  of 
shear  substantially  increases 
it.  In  preventing  a  broken 
down  thixotropic  structure 
from  reforming,  there  will  be 
used  a  certain  portion  of  the 
energy  input  for  that  purpose. 
This  energy  ( 2ir  X  torque), 
not  producing  flow,  must  ap¬ 
pear  as  an  intercept  on  the 
torque  axis.  If  breakdown  is 
then  increased  by  raising  the 
power,  a  still  larger  amount 
of  energy  is  required  to  main¬ 
tain  the  new  state,  and,  con¬ 
sequently,  there  will  be  a 
corresponding  increase  in  the 
yield  value  intercept.  Con¬ 
ditions  are  different  when 
additional  breakdown  results 
from  prolonging  the  applica¬ 
tion  of  a  constant  rate  of 
shear.  In  this  case  there  is 
no  power  increase  and  con¬ 
sequently  there  is  no  exten¬ 
sion  of  the  yield  value  inter¬ 
cept.  Also,  there  is  no  decrease  in  the  intercept  because  it  evi¬ 
dently  takes  as  much  energy  to  maintain  a  given  state  of  break¬ 
down  as  it  does  to  produce  it. 

DERIVATION  OF  COEFFICIENT  OF  THIXOTROPIC  BREAKDOWN,  V 

Previously,  equations  were  derived  for  the  upcurve  and  for  the 
loop  area  where  the  intercept  was  not  affected  by  breakdown. 
Those  equations  were  derived  on  the  assumption  that  loss  in 
torque  is  proportional  to  the  increase  in  rate  of  shear.  In  this 
paper  equations  are  developed  where  the  intercept  increases  with 
thixotropic  breakdown.  In  order  to  derive  these  new  equations 
certain  additional  assumptions  must  now  be  made.  They  are: 
all  downcurves  intersect  at  a  common  point  0,  Figure  4.  The 
upcurve  also  passes  through  this  same  point.  Neither  of  these 
assumptions  is  strictly  true;  nevertheless,  their  adoption  does 
not  introduce  serious  errors  in  the  final  equations,  as  is  shown 
below  (in  table,  note  the  constancy  of  F). 

The  differential  equation  is  set  up  as  before,  except  that 
(co  —  co o)  is  substituted  for  co  (see  Figure  4).  The  assumption  is 
again  made  that  the  loss  in  torque  ( dT '),  due  to  breakdown,  is 
proportional  to  the  velocity  gradient  at  radius  R.  The  instru¬ 
mental  constant,  S,  is  equal  to  (1  /Rb  —  l/R^/^h,  where  h  is 
the  immersed  height  of  the  bob;  Rb  is  the  radius  of  the  bob,  and 
Rc  the  radius  of  the  cup. 

From  similar  triangles,  Figure  4,  it  follows  that 

(dT'  +  dT)/da  =  (T  -  TUo)/( co  -  co0)  (27) 

Using  the  same  reasoning  employed  previously  gives 

2 U/M  =  In k’  +  ln[l/(co  -  co0)2]  .(28) 

where  k'  is  the  constant  resulting  from  integration  and  is  equal 
to  (co  —  co0)2  when  U  attains  the  hypothetical  value  of  zero.  As¬ 
suming  a  common  crossing  point,  U  becomes  equal  to  (Ta0  — 
Ti)S/uo  where  T2  equals  f/C  and  C  is  an  instrumental  constant 
and  equal  to  S/ln(Rc/Rb).  This  allows  the  substitution  of 
—  ( S/wo)dT2  for  dU .  Differentiating  Equation  28,  making  the 
substitution  for  dU,  integrating,  and  condensing  the  constants 
gives 

Jf  =  In k"  +  ln(co  -  coo)2  (29) 

where  J  is  equal  to  2S/MCm  and  is  the  slope  of  the  curve  in 
Equation  32;  k"  is  a  constant  resulting  from  integration.  If 
we  let  2 /MJ  —  F,  by  differentiating  and  adding  Equations  28 
and  29,  we  get 


March,  1946 


ANALYTICAL  EDITION 


171 


(30) 

(31) 


In [*'/(«  -  co„)2]  +  TUa  (32) 

(33) 


Table  I.  Data  Taken  from  Figures  5  and  6  to  Show  Constancy  of  V 

f  =  yield 


V  =  {},  —  fi)/ ( Z/i  —  U 2).  RPM  =  top  rpm.  U  =  plastic  viscosity  (poises). 

value  (dynes/cm.2) 

Pigment 


Average 

Deviation 


Suspension 

rpmo 

RPM\ 

Ui 

h 

RPM, 

U, 

h 

V 

of  V 
% 

1 

60 

200 

583 

17,400 

300 

415 

24,000 

39 

1 

60 

200 

583 

17,400 

400 

298 

28,500 

39 

±0.9 

1 

60 

300 

415 

24,000 

400 

298 

28,500 

38 

2 

50 

100 

990 

12,000 

200 

620 

25,700 

37 

2 

50 

100 

990 

12,000 

300 

465 

32,000 

38 

2 

50 

100 

990 

12,000 

400 

335 

37,000 

38 

2 

50 

200 

620 

25,700 

300 

465 

32,000 

41 

±3.6 

2 

50 

200 

620 

25,700 

400 

335 

37,000 

40 

2 

50 

300 

465 

32,000 

400 

335 

37,000 

38 

3 

55 

200 

416 

23,700 

300 

302 

27,000 

29 

3 

55 

200 

416 

2.3,700 

400 

215 

29,400 

28 

±1.-2 

3 

55 

300 

302 

27,000 

500 

215 

29,400 

28 

4 

25 

100 

250 

7,400 

200 

186 

8,700 

20 

4 

25 

100 

250 

7,400 

300 

139 

9,500 

19 

4 

25 

100 

250 

7,400 

400 

115 

10,000 

19 

±5.3 

4 

25 

200 

186 

8,700 

300 

139 

9,500 

17 

4 

25 

200 

186 

8,700 

400 

115 

10,000 

18 

4 

25 

300 

139 

9,500 

400 

115 

1,000 

21 

V  =  -df/dU 

or 

V  =  (ft  —  /i)/(C/i  -  Ut) 

V  is  the  coefficient  of  thixotropic  breakdown 
when  the  intercept  increases  with  decreasing  U. 

It  is  the  increase  in  yield  value  per  unit  decrease 
in  plastic  viscosity.  Its  dimension  is  sec-1. 

The  following  equations  also  can  be  derived  by 
the  process  similar  to  the  one  given  in  the  previous 
work  ( 2 ). 

rr  M(o>  —  coo) 

2  s 

A  =  M  (co  —  coo)  V  4$ 

Equations  28  and  32  can  be  combined  with  time 
in  the  same  manner  employed  for  Equations  15  and 
17.  Then  k'  is  a  function  of  time  as  k  was  shown 
to  be  in  Equation  26. 

It  has  been  found  experimentally  that  /  is  not 
affected  by  time  when  the  top  shearing  rate  or 
RPM  is  constant.  Therefore,  if  /  is  plotted  against 
jf  for  different  constant  top  RPM,  a  series  of 
straight  lines  parallel  to  the  t  axis  will  result.  This  means 
that/!'  —  /*'  =  0,//  —  />'  =  0,  etc.  Plotting  /  vs.  In  (RPM  — 
rpmo)2  or  against  ln(co  —  co0)2  for  both  t,  and  U  must  give  two  linear 
coincident  curves.  These  curves  can  be  seen  to  be  linear  from 
Equation  32.  They  will  be  coincident  because  of  the  relation, 
fi'  —  /s'  =  0,  etc.  The  slope  of  the  curve  for  h,  then,  will  be  the 
same  as  the  slope  of  the  curve  for  <2,  thus  proving  J  and  A;"  to  be 
independent  of  time.  Because  J  and  M  are  both  independent 

2 

of  ( A<),  V  which  is  equal  to  is  also  independent  of  time. 


is  shown  to  be  a  fact  in  Figures  5  and  6.  Some  of  the  data  are 
given  in  Table  I,  which  also  contains  the  ratio  (/2  —  fi)/{Ui  — 
I/2),  demonstrating  the  constancy  of  V. 

In  plotting  Figures  5  and  6,  it  is  immaterial,  as  far  as  2/MJ  or 
V  is  concerned,  whether  RPM  or  ( RPM  —  rpmo)  is  used,  for 
while  the  introduction  of  rpmo  shifts  the  position  of  the  curve,  it 
does  not  affect  the  linearity  or  the  value  of  2/MJ. 

CONCLUSION 


EXPERIMENTAL  RESULTS 

The  object  of  the  following  measurements  is  to  show  that 
Equations  28  and  29,  and  consequently  Equation  31,  are  sub¬ 
stantially  ,  in  agreement  with  experiment,  and  therefore  the  as¬ 
sumptions  previously  made  in  regard  to  the  crossing  point  are  not 
;oo  far  out  of  line  to  be  of  practical  importance. 

From  Equations  28  and  29,  it  is  evident  that  U  vs.  In  [1  /  (co  —  o>0) 2  ] 
ind  /  vs.  ln(w  —  coo)2  should  be  both  linear  relationships.  This 


This  paper,  together  with  the  previous  work  of  the  series  (2), 
presents  the  fundamental  principles  of  the  thixotropic  hysteresis 
loop,  and  the  equations  of  thixotropic  breakdown  as  produced 
by  the  rotational  viscometer.  It  is  hoped  that  this  work  will  be 
found  sufficiently  complete  to  be  useful  to  investigators  who  wish 
to  study  and  measure  thixotropic  systems.  , 

The  practical  aspect  of  the  work  depends  upon  the  fact  that 
industries  that  use  materials  of  the  pigment-vehicle  type  are  often 
confronted  with  the  problem  of  consistency  changes  arising  from 
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thixotropic  breakdown.  The  plastic  viscosity  and  yield  value 
have  one  set  of  measurements  when  the  substance  is  at  rest; 
but  these  measurements  change  when  the  material  is  forced  to 
flow.  The  magnitude  of  these  new  values  will  depend  upon  the 
applied  rate  of  shear;  and  consequently  can  assume  any  of  an 
infinite  number  of  such  values. 

If  this  change  to  a  new  and  unknown  consistency  affects  the 
quality  of  the  manufactured  product,  it  is  desirable  to  know  be¬ 
forehand  how  far  thixotropic  breakdown  will  go.  If  it  continues 
too  far,  adjustments  must  be  made  in  the  original  consistency, 
in  the  rate,  or  in  the  duration  of  shear  applied  to  the  material. 
The  equations  developed  in  this  paper  give  the  relationship  be¬ 
tween  these  factors  and  express  them  in  the  form  of  coefficients 
M,  B,  and  V.  They  enable  the  investigator  to  calculate  U  and 
f  for  any  rate  of  shear  desired. 

A  well-known  case  where  consistency  changes  can  cause 
trouble  is  in  the  trapping  of  process  printing  inks.  When  print¬ 
ing  is  carried  out  at  high  rates  of  shear  thixotropic  changes  can 
produce  a  reversal  in  the  plastic  viscosities  of  the  inks.  This 
in  turn  can  cause  a  reversal  in  the  order  of  trapping,  so  that  a 
second-down  ink,  for  instance,  which  should  trap  the  third-down 
ink,  is,  instead,  trapped  by  the  third-down  ink  and  pulled  off  the 
paper.  Other  difficulties  can  arise  in  the  printing  industry  from 
thixotropic  breakdown.  An  ink  must  not  be  too  stiff  to  “follow 
the  fountain”.  Thinning  an  ink  down  so  that  it  can  follow  the 
fountain  might  result  in  trouble,  if  subsequent  thixotropic  break¬ 
down  reduced  the  plastic  viscosity  below  that  required  for  correct 


trapping.  A  better  method  might  be  to  use  an  ink  of  suitable 
M,  B,  and /values. 

Not  only  in  printing  but  in  any  type  of  coating  work — whether 
the  process  be  carried  out  by  means  of  a  paint  brush,  a  spray  gun 
or  a  roller  coating  machine — problems  are  found  involving, 
thixotropic  changes.  These  problems  might  not  be  recognized: 
as  such,  but  that  is  because  general  information  on  the  subject 
is  still  very  scanty.  So  far  industry  has  made  little  commercial 
use  of  thixotropy;  however,  it  is  highly  desirable  that  the  indus-1 
trial  rheologist  be  thoroughly  acquainted  with  thixotropic  reac¬ 
tions,  so  that  he  understands  the  effect  thixotropic  breakdownl 
has  on  consistency  measurements.  Without  that  understanding 
the  rheology  of  plastic  systems  can  become  a  confusing  and  con¬ 
tradictory  subject.  The  equations  given  here  should  help  the] 
investigator  meet  that  situation. 
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Measurement  and  Analysis  of  Small-Angle 

X-Ray  Scattering 

M.  H.  JELLINEK1,  The  Polytechnic  Institute  of  Brooklyn,  Brooklyn,  N.  Y.,  ERNEST  SOLOMON,  Petroleum  Research  Division, 
The  M.  W.  Kellogg  Company,  Jersey  City,  N.  J.,  AND  I.  FANKUCHEN,  The  Polytechnic  Institute  of  Brooklyn,  Brooklyn,  N.  Y. 


Geiger  counter  methods  can  be  used  effectively  for  the  recording  of 
small-angle  x-ray  scattering.  A  graphical  method  of  analyzing 
the  data  is  presented  and  the  results  of  such  an  analysis  are  given 
for  one  specimen  each  of  gamma-alumina  and  carbon  black. 

THE  scattering  of  x-rays  at  small  angles  is  being  used  to  study 
inhomogeneities  in  substances  in  the  range  of  10  to  200  A. 
In  a  previous  paper  ( 9 )  the  authors  have  given  some  qualitative 
results  of  a  study  of  gamma-alumina,  using  photographic  film  to 
record  the  scattered  radiation  and  a  densitometer  (12)  to  make  the 
measurements.  In  a  paper  (10)  presented  at  a  meeting  of  the 
American  Physical  Society,  it  was  shown  that  the  Geiger  counter 
could  be  used  for  studying  this  scattering.  The  present  paper 
presents  a  simple  method  of  graphical  analysis  of  small-angle 
scattering  data.  The  surprisingly  satisfactory  results  of  the 
method  are  demonstrated  by  its  application  to  data  obtained 
with  a  Geiger  counter  from  gamma-alumina  and  carbon  black. 

APPARATUS  AND  TECHNIQUE 

The  complete  apparatus  employed  in  making  the  measurements 
is  shown  in  Figure  1.  The  Philips  small-angle  apparatus  is  at¬ 
tached  to  a  North  American  Philips  Company  standard  x-ray 
diffraction  unit  and  consists  primarily  of  a  30-cm.  collimator  yield¬ 
ing  a  slit  collimated  beam.  The  slit  dimensions  are  0.3  X  3  mm. 
The  specimen  is  mounted  on  a  flat  plate  at  right  angles  to  the  in¬ 
cident  x-ray  beam.  The  scanning  unit  is  mounted  on  a  track  in 
such  a  manner  that  the  distance  from  the  specimen  to  the  scan¬ 
ning  slit  can  be  readily  changed.  The  entire  scanning  unit  is 
fixed  to  the  original  track  of  the  small-angle  apparatus,  so  that  it 
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can  be  rotated  about  the  line  where  the  incident  beam  and  the 
specimen  intersect.  The  scattered  radiation  is  scanned  by  turn¬ 
ing  a  micrometer  screw  placed  60  cm.  from  the  specimen,  causing 
the  scanning  unit  to  rotate  about  the  above  axis.  The  movable 
track  is  suspended  from  two  hardened  steel  pins  that  bear  on  V’s 
cut  in  a  yoke  mounted  on  the  Philips  standard  fixed  track.  A 
ball-bearing  on  the  end  of  the  micrometer  screw  rides  along  a  V- 
groove  cut  in  the  movable  track.  The  displacements  are  read 
on  a  scale  and  vernier  that  can  be  read  to  0.05  mm.,  equivalent  to 
about  0.35  minute  of  arc.  The  scanning  unit  contains  a  Geiger 
tube  made  by  North  American  Philips  and  the  circuits  are  es¬ 
sentially  those  described  by  Friedman  (7).  The  combination  of 
scaling  circuits,  impulse  counter,  and  microammeter,  and  inte¬ 
grating  circuits  for  the  latter  instrument  easily  allow  measure¬ 
ments  over  an  intensity  range  of  1  to  10,000. 

Specimens  are  prepared  by  containing  the  material  under  ex¬ 
amination  in  a  circular  opening  in  a  thin  metal  sheet  by  the  use 
of  thin  cellulose  acetate  membranes.  The  optimum  specimen 
thickness  for  each  type  of  sample  handled  is  determined  by  set¬ 
ting  the  scanning  unit  at  a  fixed  angle  from  the  main  beam  and  in¬ 
serting  specimens  of  varying  thickness  in  the  beam.  By  this 
method  the  specimen  thickness  producing  the  most  intense  scat¬ 
tering  can  be  readily  obtained. 

Using  the  optimum  specimen,  the  measurements  are  made  by 
obtaining  the  number  of  counts  per  unit  time  interval  at  various 
angular  displacements  of  the  scanning  unit  from  the  main 
beam.  The  value  obtained  in  this  manner  requires  correction  for 
two  effects.  The  first  is  the  background  count  of  the  apparatus 
which  is  obtained  by  daily  calibration  and  is  subtracted  from  all 
readings.  The  second  correction  is  the  subtraction  of  the  air 
scattering  caused  by  the  main  beam,  diminished  by  the  specimen 
absorption,  passing  through  the  air.  The  air  scattering  values 
are  obtained  for  the  correct  beam  strength  by  a  method  suggested 
by  Campbell  (3).  The  specimen  is  moved  from  its  position 
at  the  collimator  exit  to  a  point  between  the  x-ray  tube  window 
and  the  first  slit  of  the  collimator,  so  that  all  radiation,  other  than 
that  scattered  by  the  specimen  at  essentially  zero  angle  is  elimi- 
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function  but  rather  as  a  set  of  dis¬ 
crete  fractions.  While  such  an  in¬ 
terpretation  and  treatment  of  the 
scattering  data  are  a  distinct  com¬ 
promise,  the  results  are,  by  empirical 
test,  apparently  useful  and  there¬ 
fore  this  graphical  method  is  here 
discussed. 


EXPERIMENTAL  RESULTS 

As  an  example  of  this  graphical 
method  of  analysis,  the  small-angle 
scattering  from  a  heat-treated  alumina 
gel  was  measured.  Figure  2  is  a  plot 
of  logio I  against  r2  in  (mm.)2  obtained 
for  this  alumina  using  filtered  copper 
radiation  of  X  =  1.54  A.  and  a  speci¬ 
men-to-slit  distance  of  453  mm.  Fig¬ 
ure  '2  also  illustrates  the  method  of 
graphical  reduction. 


A  tangent  to  the  experimental  curve 
is  drawn  at  the  greatest  angle  of  scatter- 

Figure  1.  Diffraction  Unit,  Small-Angle  Scatter  Apparatus,  Scanning  Unit,  and  Geiger  ing  studied.  This  tangent  intersects 

Counter  the  axis  of  ordinates  at  a  value  Kx. 


nated.  Thus  the  air  scattering  can  be  measured  directly  and  al¬ 
lowed  for  without  the  added  complication  of  the  small-angle 
scattering  of  the  specimen. 

THEORY 


The  values  corresponding  to  this 
tangent  are  then  subtracted  from 
the  original  curve  and  a  new  cor¬ 
rected  curve  not  containing  the  contribution  of  this  fraction  is  ob¬ 
tained  (shown  in  Figure  2  by  the  dashed  line).  In  a  similar  man¬ 
ner  the  next  tangent  of  minimum  slope  is  drawn  to  the  new 
curve  with  its  intercept  K-t.  The  procedure  is  repeated  until  the 
final  points  yield  a  straight  line  of  intercept  Kt.  In  this  way,  there 
are  obtained  six  lines,  with  successively  larger  slopes,  and  inter- 


It  has  been  shown  (2,  8,  11)  that  the  scattering  of  x-rays  of 
wave  length  X  by  a  homogeneous  assemblage  of  spherical  particles 
of  radius  R  may  be  given  by  the  equation, 


1(6)  =  CWR3  exp( -0.221  k2R2)  (1) 

where  1(d)  is  the  intensity  of  scattering  as  a  function  of  6,  6  is  half 
the  scattering  angle,  k  is  (4 ir  sin  0)/X,  W  is  the  weight  of  specimen 
doing  the  scattering,  and  C  is  a  constant  for  a  given  material.  If 
there  is  a  distribution  of  particle  sizes  given  by  W (R),  where  W(R) 
is  the  weight  fraction  of  radius  R,  it  can  be  shown  that,  the  cinwe 
of  scattered  radiation  is  then  given  by 

1(9)  =  C  I  W(R)R3  exp(— 0.221  k3R2)dR  (2) 

JO 

For  the  homogeneous  case,  Biscoe  and  Warren  (2)  suggest 
plotting  log,  1(6)  against  k2.  (Equally  satisfactory  is  a  plot 
against  sin2  6,  tan2  6,  or  02.)  The  more  convenient  plot  (9)  is  one 
of  logio  I (6)  against  r2,  where  r  is  the  distance  in  millimeters  of 
the  scanning  slit  from  the  center  of  the  direct  beam.  When  photo¬ 
graphic  recording  was  used  r  was  a  distance  measured  on  the  film. 
This  logarithmic  plot  of  Equation  1  yields  a  straight  line  whose 
slope  is  a  single-valued  function  of  R  and  whose  intercept  de¬ 
pends,  among  other  things,  on  W  and  R3. 

When  the  assemblage  contains  a  distribution  of  particle  sizes, 
the  logarithmic  plot  is  no  longer  a  straight  line.  Equation  2,  in 
which  1(6)  is  experimentally  determined  and  W(R)  is  the  desired 
function,  suggests  the  use  of  Fourier  transforms,  and  undoubtedly 
W(R)  can  be  calculated  as  the  Fourier  transform  of  some  amen¬ 
able  analytical  expression  (or  sum  of  expressions)  for  1(6).  In  a 
■recent  note,  Bauer  (1)  has  discussed  such  an  inversion,  giving  a 
method  for  transforming  the  observed  small-angle  scattering  into 
a  continuous  distribution  function.  However,  this  method  is 
somewhat  involved  and  in  many  cases  the  data  may  not  justify 
i3o  detailed  a  treatment.  The  authors  have  been  using  a  simple 
graphical  method  of  approximating  W(R),  not  as  a  continuous 
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Table  I.  Calculation  of  Particle  Sizes  from  Small-Angle  Scatter  Data 


Ordinate 

Calculation  of  Slope 

Weight 

Intercept 

hlog  I 

hr2 

A  log //hr2 

R 

R> 

A/ffis  x  10‘ 

Proportion 

Ai 

0.61 

0.484 

630 

0.000769 

10 

1,000 

6.10 

0.194 

K, 

4.3 

1.633 

457 

0.00358 

22 

10,600 

4.06 

0.129 

A 

39 

2.591 

240 

0.0108 

37 

50,600 

7.71 

0.245 

A% 

115 

3.061 

140 

0.0219 

54 

157,000 

7.32 

0.232 

A „ 

140 

3.146 

107 

0.0294 

62 

238,000 

5.88 

0.186 

A. 

48 

2.681 

33 

0.0812 

103 

1,092,000 

0.44 
Total  31.51 

0.014 

1.000 

Calculated  surface  =  350  sq.  meters  per  gram. 


lines  represents  the  original  curve.  This  calcu¬ 
lation  has  been  performed  and  the  results 
are  given  in  Table  II,  where  the  values  of 
I  for  certain  values  of  r 2  are  presented  along 
with  the  values  at  the  same  r1  obtained  by 
analytically  summing  the  straight  lines. 

The  deviations  from  the  experimental  values 
are  seen  to  be  largest  at  the  highest  intensities 
where  the  curve  is  rising  almost  vertically,  and 
hence  represent  the  values  most  difficult  to  read 
from  the  graph. 

Another  application  of  this  graphical  method 


cepts  Ki  .  .  .  AY  The  slopes  of  these  lines  are  calculated,  the  cor¬ 
responding  radii  are  read  from  an  appropriate  graph  of  slope 
against  R  on  log-log  paper  (see  9,  Figure  3),  and  the  weight  frac¬ 
tions  of  particles  of  each  of  the  radii  can  then  be  calculated.  The 
complete  calculation  is  outlined  in  Table  I.  This  tabulation  indi¬ 
cates  the  values  of  the  intercept  A’s  which  have  been  shown  to  be 
proportional  to  R3W(R),  the  calculation  of  the  slopes  of  the  vari¬ 
ous  lines,  the  corresponding  radii,  and  the  cubes  of  these  values. 
When  each  A  is  divided  by  its  appropriate  R3  the  resulting  values 
are  proportional  to  the  weight  fraction  of  that  size  particle. 

From  the  weights  of  the  fractions  one  can  compute  the  surface 
area  of  the  specimen  material.  Calculations  using  an  average 
particle  size  have  been  made  by  Elkin,  Schull,  and  Roess  (4). 
In  their  own  studies  the  authors  have  found  that  for  gel-based 
catalysts  of  various  activities  an  acceptable  correlation  can  be  ob¬ 
tained  between  the  surface  area  calculated  from  these  fractions 
and  catalytic  activity. 

It  is  of  some  interest  to  demonstrate  how  closely  the  graphical 
reduction  of  the  experimental  curve  into  a  sum  of  a  set  of  straight 


Figure  3.  Plot  of  logio  /(0)  against  r5  for  Carbon  Black 


can  be  seen  in  the  analysis  of  a  scatter  curve 
obtained  from  a  sample  of  carbon  black  ob¬ 
tained  from  J.  A.  Hillier  of  the  RCA  Research  Laboratories 
and  thought  to  consist  of  nearly  spherical  uniform  particles  on  the 
basis  of  many  electron  microscope  pictures.  Figure  3  shows  the 
scatter  curve  (run  at  a  specimen-slit  distance  of  235  mm.)  ob¬ 
tained  from  this  material.  It  is  clear  from  a  comparison  of  the 
shapes  of  the  curves  shown  in  Figures  2  and  3  that  the  carbon 
must  consist  of  larger  particles  than  the  alumina  gel.  The  results 
of  the  graphical  analysis  bear  this  out  (Table  III). 

The  calculated  surface  area  of  this  material  is  280  square  me¬ 
ters  per  gram  and  that  determined  by  nitrogen  absorption  is  450 
square  meters  per  gram.  This  may  be  compared  with  the  surface 
area  of  the  alumina  gel  which  was  calculated  to  be  350  square  me¬ 
ters  per  gram.  The  actual  measurement  of  the  small-angle  scat¬ 
ter  yields  a  curve  of  scattered  intensities  as  a  function  of  6  and  it 
is  this  curve  that  we  analyze  and  convert  into  a  particle  distribu¬ 
tion.  The  result  can  be  very  misleading  if  the  total  observable 
scattering  should  arise  from  only  a  small  proportion  of  the  sample. 
Thus,  if  the  samples  used  in  these  analyses  were  heat-treated 
more  severely,  the  particle  distribution  would  shift  as  larger  sized 
particles  were  formed.  When  most  of  these  particles  reached  a 
radius  of  well  over  100  A.  the  largest  part  of  the  scattering  would 
be  very  close  to  the  main  beam,  but  a  minor  amount  of  scatter  due 
to  the  smaller  particles  would  occur  at  reasonable  angles  and 
might  conceivably  be  analyzed  as  due  to  the  entire  sample.  This 
can  easily  be  seen  in  Table  IV,  taken  from  a  paper  by  Fankuchen 
and  Mark  ( 6 ),  which  shows  the  angles  at  which  the  scattering 
falls  to  half  its  value  at  9  =  0  for  various  values  of  R. 

The  only  evidence  of  this  effect  would  be  a  lesser  intensity  at 
the  larger  angles  and  sometimes  an  increase  at  the  lowest  scatter¬ 
ing  angles  reached  by  the  authors’  experimental  technique.  This 
effect  has  been  observed  ( 9 )  by  the  authors  on  gamma-alumina. 
There  is  naturally  no  foolproof  guide  to  these  effects  other  than 
experience  and  knowledge  of  the  past  history  of  the  sample. 
Certain  of  these  effects  can  even  be  duplicated  by  variations  in 
specimen  thickness  and  intensity  of  the  original  beam.  Conse- 


Table  II.  Comparison  of  Experimental  and  Calculated  Small-Angle 

Curves 


r2 

I  (Experimental) 

I  (Calculated) 

5 

280 

245 

25 

80 

83 

50 

26.5 

28.8 

100 

6.4 

6.7 

150 

2.75 

2.71 

200 

1.60 

1.54 

300 

0.74 

0.74 

400 

0.44 

0.46 

Table  III.  Weight  Distribution 

Radius,  A. 

29 

46 

63 

85 

130 

210 


of  Particles  in  Carbon  Black 

Weight  % 

14.7 
29.4 

25.7 
12.2 
12.1 

5.9 
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Figure  4.  Assumed  Distribution  Curve  Used  in  Calcula¬ 
tion  of  Synthetic  Small-Angle  Scatter  Plot 

Points  spotted  are  results  ot  graphical  analysis 


quently,  this  graphical  method  of  determining  particle  size  dis¬ 
tribution  from  small-angle  scatter  may  be  a  useful  tool  when  the 
limitations  and  range  of  failure  of  the  method  are  recognized. 

Having  used  the  graphical  method  to  evaluate  two  experimental 
curves,  it  may  be  informative  to  utilize  the  method  on  a  synthetic 
curve  obtained  from  an  assumed  particle  distribution.  This  has 
been  carried  out  in  the  following  manner. 

Figure  4  shows  an  assumed  continuous  distribution  curve  with 
the  area  under  the  curve  equal  to  100%  of  the  material.  The 
curve  was  then  approximated  by  a  series  of  twelve  fractions  taken 
at  5  A.  intervals  from  10  to  65  A. — that  is,  for  the  continuous  curve 
there  was  substituted  a  series  of  rectangles  of  width  5  A.  and  height 
such  that  the  area  of  each  rectangle  equaled  the  area  under  the 
corresponding  part  of  the  continuous  curve.  Thus  the  rectangu¬ 
lar  block  in  Figure  4  would  represent  the  25  A.  particles,  and 
would  include  the  range  from  22.5  to  27.5  A.  From  these  relative 
weights  and  the  corresponding  radii,  the  slope  and  a  number  pro¬ 
portional  to  the  intercept  were  obtained.  These  data  were  then 
used  to  draw  a  series  of  straight  lines  of  correct  slope  and  ordi¬ 
nate  intercept  such  that  their  sum  constituted  a  curved  line  which 
represented  the  small-angle  scatter  of  a  sample  containing  such  an 
original  particle  distribution.  This  curve  was  broken  down  in 
turn  by  the  usual  graphical  method  and  yielded  the  results  given 
in  Table  V. 


Table  IV 


Radius,  A. 


Angle  2  6  at  Which  I  Has 
Fallen  to  Half  of  Initial 
Value,  Min. 


25 

50 

100 

200 

400 


63.0 

31.5 

15.8 

7.8 

3.9 


When  these  data  are  spotted  in  Figure  4,  multiplied  by  a  con- 
itant  to  place  them  in  the  same  range  as  the  original  distribution 
'urve,  it  can  be  seen  that  the  breakdown  of  a  continuous  curve 
:an  yield,  via  this  method  of  discontinuous  evaluation,  a  fair  ap¬ 
proximation  of  the  original  sample.  Further  refinements  of  this 
nethod  have  been  attempted  and  evaluated  by  drawing  a  contin- 
ious  cumulative  percentage  curve  and  then  differentiating  at 
os  many  points  as  desirable  to  yield  a  continuous  distribution 
unction.  No  improvement  is  noted,  because  of  the  differences 
>ossible  in  the  exact  location  of  the  cumulative  curve  and  the  ar- 
titrary  manner  in  which  the  inflection  point  must  be  chosen. 
Thus,  we  conclude  that  the  “shot  distribution”  is  as  useful  a  set 
>f  values  as  any  other  that  may  be  obtained  by  the  graphical 
breakdown. 


Some  of  the  difficulties  can  probably  be  overcome  by  carrying 
out  the  measurements  under  standardized  conditions  such  that 
intensities  from  different  specimens  of  similarly  constituted  ma¬ 
terials  can  be  compared  with  one  another.  This  will  require  care¬ 
ful  control  of  the  constancy  of  the  x-ray  beam  intensity  and  uni¬ 
formity  in  specimen  preparation.  It  would  then  be  meaningful 
to  compare  intensities  from  different  specimens  and  thus  by  suit¬ 
able  calibration  tell  what  proportion  of  the  specimen  is  observable 
by  the  small-angle  technique  used. 


CONCLUSION 

At  this  stage  of  development  it  would  be  premature  to  take  too 
seriously  these  computations  of  particle  size  distribution.  How¬ 
ever,  whenever  relative  surfaces  have  been  calculated  based  on 
these  studies  and  when  comparisons  between  these  surfaces  and 
properties  based  on  them,  such  as  catalytic  activity,  are  made 
there  has  always  been  a  reasonably  good  correlation. 

Undoubtedly  the  small-angle  scatter  reflects  an  inhomogeneity 
in  the  specimen.  This  inhomogeneity  is  of  the  same  order  of  mag¬ 
nitude  as  what  we  here  like  to  call  particle  size.  Perhaps  in  many 
cases,  further  study  may  show  that  particles  in  the  sense  in  which 
we  now  think  of  them  do  not  exist;  the  small-angle  scattering 
merely  reflecting  this  inhomogeneity  in  structure  which  is  re¬ 
sponsible  in  large  part  for  the  physical  behavior  of  the  specimen. 
Should  (this  possibility  be  shown  to  exist,  there  nevertheless  may 
still  be  a  justification  for  continuing  to  talk  of  particles — the  justi¬ 
fication  being  that  it  works. 


Table  V.  Analysis  of  Synthetic  Scattering  Curve 


Radius,  A. 


Weight  % 


20 

32 

46.5 

67.5 


10 

46.5 

41.0 

2.5 


There  seem  to  be  considerable  possibilities  for  improvement  ex¬ 
perimentally.  Thus,  measurements  at  the  very  small  and  large 
angles  at  present  offer  some  difficulties,  but  the  authors  feel  that 
they  can  be  made  satisfactorily.  At  very  small  angles  (even  to 
0°)  the  two-crystal  method  ( 5 )  used  in  conjunction  with  a  Geiger 
counter  with  the  sensitivity  of  the  equipment  described  above 
should  enable  these  measurements  to  be  carried  down  to  almost 
any  angle.  At  intermediate  angles  there  seems  to  be  no  serious 
difficulty,  but  at  large  angles  reliable  measurements  are  difficult 
because  the  intensity  is  low.  However,  at  this  point  the  change 
in  intensity  with  angle  is  usually  small  and  consequently  the 
width  of  the  scanning  slit  may  be  increased  to  yield  a  larger  num¬ 
ber  of  counts, 
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Polarographic  Determination  of  Acetaldehyde 

Application  to  Routine  Determination  in  Complex  Mixtures 
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A  polarographic  study  has  been  made  of  acetaldehyde,  and  a 
method  is  described  for  the  polarographic  determination  of  acetalde¬ 
hyde  in  the  complex  liquid  mixtures  and  in  liquefied  C4  distillation 
fractions  obtained  in  the  conversion  of  ethanol  to  butadiene.  The 
method  is  simple,  rapid,  and  accurate,  and  is  superior  to  the  titrimetric 
methods  which  are  usually  used. 

IN  CONNECTION  with  research  and  production  control  on 
the  single-step  process  for  the  conversion  of  ethanol  to  buta¬ 
diene  it  became  necessary  to  have  a  rapid,  simple,  and  accurate 
method  for  the  determination  of  acetaldehyde.  It  was  desired 
to  determine  acetaldehyde  in  the  concentration  range  from  0.1 
to  10%  in  alcohol  denatured  with  varying  amounts  of  acetalde¬ 
hyde  and  in  complex  liquid  mixtures  which  might  contain  C3,  C4. 
C6,  and  C6  olefins  and  diolefins,  C2  and  C4  alcohols,  diethyl  ether, 
water,  and  small  amounts  of  unknown  organic  compounds.  It 
was  also  desired  to  apply  the  same  method  to  the  determination 
of  acetaldehyde  present  in  the  liquefied  C4  samples  obtained  by 
the  fractionation  of  butadiene-containing  samples.  The  pres¬ 
ence  'of  acetaldehyde  is  due  to  the  formation  of  azeotropes  of  it 
with  butadiene  and  various  butenes,  and  to  difficulties  in  the 
separation  of  the  C4  fraction  from  other  azeotropes  containing 
acetaldehyde. 

Investigation  of  the  methods  generally  used  for  the  determina¬ 
tion  of  acetaldehyde  showed  the  titrimetric  hydroxylamine 
method  {2,  8)  as  modified  to  be  the  most  accurate  and  reliable, 
although  it  was  not  entirely  satisfactory.  This  was  also  found 
true  by  Russian  workers  (7,  8)  dealing  with  the  same  problem. 
While  the  hydroxylamine  method  could  be  readily  applied  to 
samples  containing  only  small  amounts  of  components  boiling 
below  room  temperature,  the  titration  was  difficult  to  carry  out 
because  of  the  effect  of  the  ethanol  and  other  solvents  present  on 
the  indicator.  The  substitution  of  an  electrometric  detection 
of  the  end  point  and  the  use  of  synthetic  mixtures  duplicating 
Mid-point  conditions  were  unsatisfactory.  The  determination  of 
acetaldehyde  by  the  hydroxylamine  method  in  samples  containing 
considerable  amounts  of  volatile  material  as  in  samples  contain¬ 
ing  over  5%  acetaldehyde  or  C4’s,  or  in  C4  fractionation  samples, 
was  time-consuming  and  tedious,  owing  to  the  necessity  of  carry¬ 
ing  out  the  determination  as  a  sealed  tube  reaction. 

The  difficulties  attending  the  use  of  the  hydroxylamine  method 
led  to  a  study  of  the  polarographic  method  and  a  satisfactory 
solution  was  found.  The  procedure  described  is  applicable  to 
the  complex  mixtures  previously  indicated  which  were  found  to 
contain  no  detectable  amounts  of  any  other  compound  reducible 
at  less  negative  potentials  at  the  dropping  mercury  cathode 
(Figure  1).  In  the  presence  of  substances  reducible  at  different 
voltages  from  acetaldehyde  the  method  could  be  applied  with 
slight  modification.  In  connection  wdth  this  method  a  study 
was  made  of  the  polarographic  behavior  of  acetaldehyde  at  vari¬ 
ous  temperatures,  hydrogen-ion  concentrations,  and  acetalde¬ 
hyde  concentrations  in  order  to  make  more  extensive  use  of  the 
polarographic  method. 

The  polarographic  behavior  of  acetaldehyde  has  been  discussed 
by  several  workers  whose  results  are  summarized  by  Kolthoff 
and  Lingane  ( 6 ).  Shikata  and  his  co-workers  ( 9 ,  10)  noted  the 
polarographic  determination  of  minute  amounts  of  aldehydes 
including  acetaldehyde  in  alcoholic  beverages.  The  samples 
were  dissolved  in  aqueous  electrolyte  solution,  freed  from  dis¬ 
solved  oxygen  by  having  hydrogen  bubbled  through  them,  and 
examined  polarographically.  The  wave  at  decomposition  po¬ 


tential  —  1.6  volts  was  assumed  to  be  due  to  acetaldehyde  for 
10-4  M  concentration.  Smoler  {11)  studied  the  mechanism  of 
polarographic  reduction  of  acetaldehyde  and  described  its  de¬ 
termination  in  fermentation  products;  unfortunately,  the  results 
are  not  very  conclusive. 

APPARATUS  AND  MATERIALS 

A  Leeds  &  Northrup  Electro-Chemograph  and  a  Fisher  Scien¬ 
tific  Company  Elecdropode  were  used  for  the  polarographic  meas¬ 
urements.  For  the  constant-temperature  experiments,  water 
from  a  thermostat  was  circulated  through  a  jacket  surrounding 
the  polarographic  cell  which  kept  the  temperature  in  the  cell  | 
constant  to  ±0.1°  C.  The  drop  time  of  the  capillaries  used  for 
the  analytical  studies  could  be  controlled  to  between  3  and  5 
seconds  by  regulation  of  the  mercury  column.  It  was  unneces¬ 
sary  to  calibrate  the  apparatus,  since  variations  in  conditions  are 
accounted  for  by  use  of  a  standard  sample  whenever  a  series  of 
unknown  samples  is  analyzed.  If  the  instrument  is  in  continuous 
use  for  several  hours,  a  standard  sample  should  be  analyzed  each 
hour  or  two  as  described  below. 

The  acetaldehyde  used  for  standardization  and  the  preparation 
of  synthetic  mixtures  was  c.p.  grade  which  was  purified  before 
use  by  fractionation  through  an  efficient  distilling  column  con¬ 
taining  Stedman  packing.  Its  physical  constants  checked  those 
reported  in  the  literature.  The  other  chemicals  used  were  of 
c.p.  grade.  The  base  solution  used  in  the  analytical  procedure 
was  0. 1  M  lithium  chloride.  The  following  buffer  solutions  were 
prepared:  (1)  the  buffer  of  pH  6.8  was  0.1  M  in  lithium,  0.05  M 


Figure  1.  Current  Voltage  Curves  (Electro-Chemograph)  for 
Butadiene  Condensates 

Temperature,  25°  C.  Supporting  electrolyte,  0.1  N  LiCI 
Concentration  of  condensate,  1/400 
Sensitivities;  (1)  1/400,  (2)  1/40,  (3)  1/40 
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Sensitivity  calculated  to  1/50.  Temperature,  25°  C. 
pH:  (1)  8.8,  (2)  6.8,  (3)  12.7 


in  acetate,  and  0.05  M  in  chloride  ion,  and  had  enough  acetic- 
acid  added  to  adjust  the  pH  to  6.8;  (2)  the  buffer  of  pH  8.8  wa^s 
prepared  by  adjusting  the  pH  of  0.2  M  lithium  hydroxide  with 
acetic  acid;  (3)  the  solution  of  pH  12.7  was  0.11  M  in  lithium, 
0.06  M  in  hydroxyl,  and  0.05  M  in  chloride  ion.  For  the  study 
of  the  factors  affecting  the  polarographic  determination  of  acetal¬ 
dehyde,  ten  solutions  were  prepared  by  diluting  weighed  samples 
of  acetaldehyde  with  distilled  water;  these  solutions  had  the 
following  concentrations  in  grams  per  ml.  X  10" 3  (molar  con- 
icentration  in  parentheses):  5.26  (0.120),  4.86  (0.110),  3.96 
(0.090),  3.61  (0.082),  3.11  (0.071),  2.47  (0.056),  2.12  (0.048),  1.62 
(0.037),  0.96  (0.022),  0.48  (0.011).  These  solutions  were  diluted 
1  to  10  with  appropriate  base  solutions  before  use.  Two  solutions 
i  for  standardization  were  prepared  by  dissolving  weighed  amounts 
of  acetaldehyde  in  0.1  M  lithium  chloride  solution;  one  solution 
contained  5.0  X  10-5  gram  of  acetaldehyde  per  ml.  (0.00114  M) 
and  the  other  contained  5.0  X  10“ 4  (0.0114  M).  The  latter  two 
solutions  were  found  to  be  stable  for  at  least  3  weeks.  The  solu¬ 
tion  used  depended  on  the  range  of  concentration  of  the  samples 
being  analyzed. 

STUDY  OF  TEMPERATURE,  pH,  AND  CONCENTRATION  EFFECTS 

The  capillary  used  in  these  studies  had  a  drop  time  of  3.76 
seconds  per  drop  for  a  mercury  column  51.3  cm.  high.  The  weight 
of  mercury  dropped  per  second  was  1.093  mg.  The  value  of 
m2 /jp/6  is,  accordingly,  1.32  mg.  2/3  sec-1 /2. 

Since  the  effects  of  temperature  and  pH  on  the  diffusion  cur¬ 
rent  are  the  most  important  factors  in  the  polarographic  deter¬ 
mination  of  organic  compounds,  the  effect  of  varying  these  con¬ 
ditions  was  studied.  Polarograms  were  obtained  at  25°  C.  for 
pH  values  of  6.8,  8.8,  and  12.7;  at  pH  6.8  for  temperatures  of  20°, 
25°.  and  30°  C.  All  wave  heights  were  recalculated  to  a  sensi¬ 


tivity  of  1/50  for  the  Elecdropode.  Half-wave  potentials  were 
referred  to  the  saturated  calomel  electrode. 

Diffusion  Current.  The  temperature  coefficient  for  the 
diffusion  current,  (1  /i)(di/dT),  at  pH  6.8  was  found  to  be  ap¬ 
proximately  1.8%  per  °  C.  over  the  range  of  20  to  30  C.  (Figure 
2).  This  is  in  agreement  with  normal  behavior,  as  the  diffusion 
currents  for  most  ions  and  molecules  have  temperature  coefficients 

of  1.5  to  2.0%  per  °C.  (5).  t  u  e  Q  ,  u 

The  concentration-diffusion  current  curve  at  pH  b.8  showed 
a  linear  relation  over  the  whole  concentration  range  studied, 
while  the  curve  at  pH  8.8  showed  a  linear  relation  only  over 
certain  concentration  ranges  (Figure  3).  The  curve  at  pH 
12  7  showed  a  linear  relation  between  2.5  apd  5.5  X  10  4  gram 
per  ml.  (0.0057  to  0.0125  M).  In  this  range  the  curve  is  identical 
with  the  curve  for  pH  6  8.  For  determining  low  concentrations 
of  acetaldehyde  it  is  best  to  use  a  base  solution  of  high  pH  be- 
tween  12  and  13,  since  the  curve  at  pH  12.7  is  linear  for  low  con¬ 
centrations  in  limited  regions  and  has  a  large  slope.  It  was 
found  impractical  to  use  a  base  solution  of  pH  less  than  6.8,  as 
the  interference  from  the  hydrogen-ion  wave  is  appreciable  be¬ 
low  this  pH. 

A  linear  relation  was  found  between  the  concentration  and  the 
reading  at  —2.14  volts  (dropping  mercury  electrode  vs.  pool) 
(Figure  4).  The  linearity  of  this  relation  was  of  the  same  order 
as  that  obtained  for  the  full  wave  heights. 

Half-Wave  Potential.  The  effect  of  temperature,  pH,  and 
concentration  on  the  half-wave  potential  was  also  observed.  All 
half-wave  measurements  were  made  on  the  Elecdropode  and 
were  referred  to  the  saturated  calomel  electrode.  The  half-wave 
potential  is  independent  of  temperature  at  pH  6.8  in  the  range 
of  20°  to  30°  C.  with  a  shift  of  less  than  0.01  volt,  which  is  not 
significant  as  the  limit  of  sensitivity  of  the  instrument  is  about 
0.005  volt.  With  0.0119  M  acetaldehyde  solution  (5.26  X 
10-4  gram  per  ml.)  potentials  at  pH  6.8,  8.8,  and  12.7  were 
—  1.89,  —2.04  and  —1.89  volts  vs.  the  saturated  calomel  elec¬ 
trode  at  25  °  C.  A  change  in  half-wave  potential  with  concen¬ 
tration  was  noted  for  the  concentration  range  studied  (0.00114  to 
0.0114  M  acetaldehyde).  The  shift  for  tenfold  change  in  con¬ 
centration  is  about  0.08  volt  at  pH  6.8  and  25  C. ;  similar  results 
were  obtained  using  other  buffer  solutions. 

ANALYTICAL  PROCEDURE 

The  method  is  based  upon  the  fact  that  the  diffusion  current  of 
acetaldehyde  is  a  linear  function  of  concentration  under  the  con¬ 
ditions  used.  The  wave  heights,  galvanometer  deflections,  or 
similar  measures  of  the  diffusion  currents  are  determined  at  a 
potential  difference  between  the  cell  mercury  pool  and  the  drop¬ 
ping  mercury  electrode  of  — 2. 14  volts  for  the  unknown  samples,  a 
standard  sample  containing  a  known  amount  of  acetaldehyde, 
and  the  sample-free  base  solution.  The  concentration  of  acet¬ 
aldehyde  in  the  unknown  sample  is  readily  ascertained  by  a 
simple  proportion  involving  the  concentration  of  the  standard 
sample.  The  removal  of  oxygen  from  the  base  and  sample  solu¬ 
tions  is  unnecessary,  since  the  effect  of  oxygen  is  compensated  for 


Sensitivity  calculated  to  1/50.  pH,  6.8 

Temperature:  (1)  20  C.,  (2)  25  C.,  (3)  30  C 
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Table  I. 


Sample 

No. 


6070 

5486 

5492 


Determination  of  Acetaldehyde  in  Butadiene  Condensate 


Using 
Using  full 
wave  height 

% 


•Acetaldehyde  Found 


0.1  N  LiCl 

Using  reading 
at  —2.14  volts 


% 


Using  a  Buffer  of  pH  6.8 
Using  full  Using  reading 
wave  height  at  —2.14  volts 

%  % 


1.70  1.71  1.75 
1.61  1.60  1.64 
1.34  1.34  1.29 


1.75 

1.65 

1.30 


Table  II.  Determination  of  Acetaldehyde  in  Known  Mixtures 

Calcd.  concn.,  mg./ml.  0.088  0.122  1.22 

Polarographic  detn.,  mg./ml.  0.091  0.120  1.24 


in  the  measurement  of  the  base  solution.  Polarograms  of  acet¬ 
aldehyde  and  of  typical  samples  containing  acetaldehyde  indi¬ 
cated  that  the  use  of  a  maxima  suppressor  was  unnecessary. 

A  sample  weighing  0.10  to  0.25  gram,  depending  on  the  con¬ 
centration  of  acetaldehyde  present,  is  taken  in  a  sealed  glass  am¬ 
poule  (4).  If  volatile  compounds  are  present,  the  ampoule  is 
immersed  in  an  acetone-solid  carbon  dioxide  or  similar  cooling 
bath  for  filling  and  sealing.  The  ampoule  and  several  glass 
marbles  or  2.5-cm.  (1-inch)  lengths  of  7-mm.  glass  rod  are  intro¬ 
duced  into  a  400-ml.  (16-ounce)  citrate  of  magnesia  bottle  con¬ 
taining  50  ml.  of  base  solution  (300  ml.  should  be  used  for  very 
volatile  samples  such  as  liquid  C4  hydrocarbon  fractions).  The 
bottle  is  stoppered  and  the  ampoule  is  crushed  by  shaking  the 
bottle,  thus  diluting  the  sample  to  50  or  300  ml.  A  portion  of  the 
solution  is  transferred  to  the  polarographic  cell  and  a  reading  is 
taken  of  the  current  at  a  potential  difference  between  the  cell 
mercury  pool  and  the  dropping  mercury  electrode  of  —2.14  volts. 
A  reading  at  this  potential  difference  is  on  the  plateau  of  the 
polarographic  wave  due  to  acetaldehyde  (Figure  1).  The  wave 
height  due  to  the  reduction  of  acetaldehyde  is  calculated  by  sub¬ 
tracting  the  galvanometer  reading  of  the  base  solution  from  that 
for  the  sample  solution.  The  wave  height  is  then  compared  with 
that  obtained  with  a  known  amount  of  acetaldehyde  in  order  to 
determine  the  acetaldehyde  in  the  unknown,  the  concentrations 
being  directly  proportional  to  the  wave  heights. 

It  was  thought  necessary  to  show  that  no  difference  in  results 
is  obtained  when  samples  of  the  liquid  condensate  obtained  in  the 
butadiene  process  are  analyzed  in  0.1  M  lithium  chloride  whose 
pH  is  6.8  instead  of  in  a  buffer  solution  of  the  same  pH.  Three 
samples  of  condensate  were  analyzed  in  a  buffer  of  pH  6.8  and  in 
0.1  M  lithium  chloride;  the  results  agreed  well  within  the  limit 
of  error  of  the  method  (Table  I). 

ANALYTICAL  RESULTS 

The  results  obtained  with  known  mixtures  containing  acet¬ 
aldehyde  confirmed  the  linearity  of  the  diffusion  current-con¬ 
centration  relationship  and  indicated  the  satisfactory  order  of 
accuracy  and  precision  of  the  polarographic  method.  A  few 
typical  results  are  shown  in  Table  II. 

In  Table  III  are  given  the  results  obtained  by  the  polarographic 
method  described  and  by  the  titrimetric  hydroxylamine  method 
for  the  determination  of  acetaldehyde  in  multicomponent  mix¬ 
tures  obtained  in  the  catalytic  conversion  of  ethanol  to  butadiene. 
These  mixtures  contained  considerable  amounts  of  ethanol, 
diethyl  ether,  and  water;  and  smaller  amounts  of  C4  and  C6  un¬ 
saturated  hydrocarbons,  butanol,  and  other  organic  compounds: 
no  aldehydes  other  than  acetaldehyde  were  pres¬ 
ent  in  detectable  amounts.  A  considerable  num¬ 
ber  of  synthetic  samples  consisting  of  liquefied 
butadiene  and  butenes,  and  acetaldehyde  were 
prepared  and  analyzed;  the  results  are  shown  in 
Table  IV.  The  analysis  of  similar  mixtures  for 
acetaldehyde  by  the  hydroxylamine  method 
showed  a  lower  order  of  accuracy  and  preci¬ 
sion  with  occasional  errors  of  50  relative  %. 

Subsequently  a  new  set  of  butadiene-2-butene- 
acetaldehyde  mixtures  was  prepared  and 
analyzed;  the  results  are  also  shown  in 
Table  IV. 


Table  IV. 


Acetaldehyde 
taken,  % 
Acetaldehyde 
found,  % 


Acetaldehyde 
taken,  % 
Acetaldehyde 
found,  % 


DISCUSSION 

The  best  conditions  under  which  acetaldehyde  can  be  deter-  • 
mined  polarographically  are  governed  by  the  concentration  range  i 
in  which  one  is  working.  For  the  range  of  0.50  X  10“ 4  to  5.0  X 
10-4  gram  per  ml.  (0.0014  to  0.0114  M )  a  0.1  M  lithium  chloride  ! 
solution  or  a  buffer  solution  of  pH  6.8,  if  necessary,  is  most  suit¬ 
able.  For  lower  concentrations  a  0.1  M  lithium  hydroxide  solu-  ■ 
tion  is  most  suitable. 

The  use  of  the  increment  method  for  the  determination  of 
acetaldehyde  is  inadvisable  because  of  the  shift  in  half-wave  po¬ 
tential  over  the  concentration  range  covered. 

If  substances  are  present  which  are  more  readily  electroreduci- 
ble  than  acetaldehyde,  such  as  formaldehyde  or  unsaturated 
aldehydes,  it  is  necessary  to  rnakq  an  additional  measurement  of 
the  diffusion  current  in  the  neighborhood  of  — 1.8  volts  and  to  use  r 
the  difference  in  diffusion  currents  to  calculate  the  necessary  1 
wave  heights;  however,  in  such  cases  it  is  best  to  obtain  the 
complete  curve  using  the  Electro-Chemograph,  since  in  some  cases 
the  reduction  of  one  substance  affects  the  subsequent  reduction 
of  another  ( 1 ).  If  there  are  no  interfering  substances,  the  Elec- 
dropodeat  a  setting  of  —2.14  volts  is  preferred  with  sensitivities 
in  the  range  of  one  fifth  to  one  fiftieth.  A  sample  of  unknown 
nature  should  be  analyzed  by  means  of  the  complete  curve. 

Error  would  be  caused  by  the  presence  of  other  substances  elec- 
troreducible  by  the  dropping  mercury  electrode  in  the  same  po¬ 
tential  range  as  acetaldehyde.  Since  the  sample  size  is  usually 
less  than  0.3  ml.,  only  a  negligible  error  is  introduced  by  neglect¬ 
ing  the  change  in  volume  when  the  sample  is  diulted  with  the 
base  solution. 

In  the  case  of  liquefied  C4  samples,  the  method  has  been  found 
satisfactory  for  concentrations  up  to  15%  acetaldehyde.  The  ■’ 
error  in  the  case  of  C4  samples  is  believed  to  be  due  to  the  diffi- 1 
culty  of  sampling  a  liquefied  gas  and  to  the  degasifying  action  of 
the  C4  hydrocarbons  upon  the  oxygen  content  of  the  solution, 
resulting  in  different  oxygen  contents  for  the  sample,  and  for  the 
standard  and  base  solutions  with  a  resulting  inaccuracy  in  the 
wave  height  of  the  sample. 

The  polarographic  method  is  very  rapid.  While  a  single  de- ' 
termination  takes  about  20  minutes,  a  group  of  determinations 
takes  about  12  minutes  per  sample  plus  10  minutes  for  running  a 
standard  sample  and  the  base  solution.  These  periods  of  time 
include  sampling  and  the  necessary  weighings.  The  method  has 
been  in  constant  use  for  over  20  months  and  over  4000  deter¬ 
minations  have  been  performed  on  many  types  of  samples  in 
addition  to  those  described.  The  method  has  been  used  suc¬ 
cessfully  by  laboratory  technicians  after  several  hours  of  train- 


Table  III.  Determination  of  Acetaldehyde  in  Complex  Mixtures 


Sample 

/ - Acetaldehyde 

Polarographic 

Hydroxylamine 

No. 

method 

method 

% 

% 

5967 

1.03.  1.01,  1.00 

1.0, 1.0 

5982 

0.97,  0.97 

1.0.  0.9 

5987 

0.85,0.86 

0.9,  0.9 

6507 

1.12,  1.10 

1.3 

Polarographic  Determination  of  Acetaldehyde  in  Synthetic 
Mixtures  of  Liquefied  C4  Hydrocarbons 


0.58 

0.71 

0.92 

1.00 

1.63 

2.09 

3.39 

5.3 

6.5 

8.7 

10.4 

13.1 

0.50 

0.50 

0.52 

0.76 

0.82 

1.10 

1.05 

0.98 

1.02 

1.63 

1.52 

2.29 

2.22 

3.42 

3.48 

5.0 

4.7 

6.6 

6.3 

8.7 

8.4 

9.8 

9.6 

13.4 

12.7 

Butadiene-2-butene-acetaldehyde  mixtures 


0.67  1 . 25‘  4.26  9.34  19.0 
0.69  1.16  4.23  9.23  19.0 
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,g  in  sampling  and  in  adjusting  the  manually  operated  Elec- 
ropode.  An  experienced  technician  was  able  to  analyze  30 
search  samples  in  5  hours. 

As  compared  to  the  hydroxylamine  method  which  was  found 
>  be  the  best  of  the  ordinary  titrimetric  methods,  the  polaro- 
raphic  method  has  the  following  advantages.  It  is  very  much 
.ster ;  the  hydroxylamine  method  requires  about  60  minutes  for 
le  determination  of  acetaldehyde  in  a  liquefied  C4  sample  com- 
ared  to  12  to  20  minutes  for  the  polarographic  method.  It  is 
mpler  to  use  and  can  be  readily  taught  to  technicians  and  chem- 
ts.  For  the  type  of  samples  discussed  it  is  more  accurate; 
lis  fact  is  of  special  importance  for  samples  of  low  acetaldehyde 
mcentration.  The  minute  amount  of  sample  necessary  for  the 
olarographic  method  is  of  great  advantage  in  research  work, 
'he  only  apparent  disadvantage  is  the  cost  of  the  polarograph, 
hich  is  rapidly  recovered  in  saving  of  manpower  if  a  consider- 
ble  number  of  samples  are  analyzed. 

A  pilot-ion  technique  for  the  polarographic  determination  of 
cetaldehyde  is  being  investigated. 
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Determination  of  Beryllium  in  Ores 

Fluorometric  Method 

MARY  H.  FLETCHER,  CHARLES  E.  WHITE1,  AND  MILTON  S.  SHEFTEL2 
Eastern  Experiment  Station,  Bureau  of  Mines,  College  Park,  Md. 


1  fluorometric  method  using  quinizarin  in  an  alkaline  citrate  solu- 
on  has  been  developed  for  the  determination  of  beryllium  in  ores, 
reparation  of  the  sample  for  analysis  consists  essentially  of  fusion 
ith  sodium  carbonate  and  borax  glass,  solution  of  the  melt  in  hydro- 
hloric  acid,  and  proper  dilution.  Directions  are  given  for  removal 
f  other  ions  when  necessary.  A  simple  visual  comparator  or  a 

rHE  fluorometric  method  described  herein  was  developed  in 
answer  to  the  need  for  a  rapid,  reliable  method  which  could 
■  e  used  for  large  numbers  of  beryllium  determinations  on  both 
>w-  and  high-grade  materials.  It  has  been  successfully  used  for 
he  past  18  months  in  the  analysis  of  hundreds  of  samples. 

Fluorescent  reagents  were  first  used  in  1933  when  Zermatten 
7)  found  that  morin  reacted  with  beryllium  in  the  presence  of 
[lkali  to  produce  a  yellow-green  fluorescence  and  described  a 
pot  test  based  on  the  reaction.  Sandell  (4,  5)  made  a  thorough 
.  tudy  of  the  morin  reaction  for  beryllium  and  its  application  to 
he  determination  of  beryllium  in  silicates. 

White  and  Lowe  ( 6 )  described  l-amino-4-hydroxyanthra- 
uinone  as  a  less  sensitive  but  more  specific  reagent  than  morin 
:>r  beryllium.  Palmes  and  Alford  (S)  adapted  White  and  Lowe’s 
ualitative  method  to  the  quantitative  determination  of  minute 
mounts  of  beryllium  in  biological  materials,  and  also  proposed 
he  use  of  quinizarin  (1-4-dihydroxyanthraquinone),  a  similar 
eagent. 

Tests  of  the  three  reagents  (morin,  l-amino-4-hydroxyanthra- 
uinone,  and  quinizarin)  in  this  laboratory  showed  quinizarin  to 
•e  the  most  suitable.  The  method  devised  measures  the  amount 
f  beryllium  present  by  comparison  of  the  intensity  of  the 
luorescence  of  the  unknowns  with  that  of  a  set  of  similarly  pre- 
iared  standards.  The  fluorescence  is  produced  when  an  alkaline 
olution  containing  beryllium  and  quinizarin  is  exposed  to  ultra- 
iolet  light.  The  comparison  may  be  made  either  directly  in  a 
imple  visual  comparator,  or  alternatively  with  a  photoelectric 
luorometer;  both  give  about  the  same  accuracy. 

A  single  complete  analysis  can  be  made  in  about  2  hours  on 
amples  free  of  interfering  ions;  ten  to  fifteen  deterrpinations  can 

1  Address,  University  of  Maryland,  College  Park,  Md. 

1  Present  address,  Gering  Products  Co.,  Kenilworth,  N.  J. 


photoelectric  instrument  may  be  used  for  the  measurements.  The  ef¬ 
fect  of  changes  in  dye  concentration  and  beryllium  content  on  the 
characteristics  of  the  fluorescence,  the  influence  and  removal  of 
other  ions,  and  the  effect  of  light,  temperature,  and  time  are  dis¬ 
cussed.  The  method  is  particularly  practicable  for  routine  analysis 
since  reliable  results  may  be  obtained  with  rapidity  and  ease. 

be  made  in  an  8-hour  day.  Samples  which  contain  interfering 
ions  require  1.5  to  2  days  for  a  single  determination,  but  even 
under  these  conditions  fifteen  to  twenty  analyses  can  be  run  in 
4  days. 

REAGENTS  AND  APPARATUS 

All  reagents  were  c.p.  chemicals  with  the  exception  of  the 
quinizarin,  aerosol,  and  the  borax  glass  used  in  the  flux.  All 
reagents  were  tested  for  fluorescence  before  they  were  used. 

Fusion  mixture,  3  parts  of  anhydrous  sodium  carbonate  with 
1  part  of  borax  glass  (technical  grade  such  as  that  used  in  fire 
assaying). 

Quinizarin  (1,4-dihydroxyanthraquinone).  Technical-grade 
quinizarin  was  boiled  with  decolorizing  carbon  in  acetone,  filtered, 
and  crystallized.  The  dye  was  then  recrystallized  from  acetone 
and  air-dried.  Stock  solution,  0.29%  in  c.p.  acetone.  Working 
solution,  stock  solution  diluted  (1  to  10)  with  c.p.  acetone.  These 
solutions  were  stored  in  glass-stoppered  bottles. 

Sodium  citrate,  5%. 

Sodium  hydroxide,  1,  2,  5,  10,  and  20%. 

Laboratory  aerosol,  the  commercial  10%  product  diluted 
(1  to  10). 

Hydrofluoric  acid,  48%. 

Hydrochloric  acid,  10  and  30%  by  volume. 

Ammonium  hydroxide,  concentrated,  and  a  0.1%  (by  volume) 
wash  solution. 

Filter  paper  pulp,  prepared  from  Whatman  No.  41  H  in  a 
Waring  mixer. 

Standard  Beryllium  Solutions.  A  solution  of  beryllium 
chloride  was  prepared  in  the  following  manner,  c.p.  beryllium 
nitrate  in  solution  was  treated  with  8-hydroxyquinoline  to  remove 
traces  of  aluminum  and  iron,  and  excess  8-hydroxyquinoline  was 
destroyed  with  nitric  and  sulfuric  acids.  Beryllium  hydroxide 
was  precipitated  with  ammonia.  The  precipitate  was  dissolved 
in  10%  hydrochloric  acid,  and  diluted  until  1  ml.  was  equal  to 
approximately  10  mg.  of  beryllium  oxide.  The  solution  was 
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Figure  1.  Front  View  of  Fluorometric  Comparator 


Figure  2.  Side  View  of  Fluorometric  Comparator 

1.  Sliding  test  tube  holder 

2.  No.  5874  H.R.  red  purple  ultra  filter 

3.  Mercury  vapor  lamp.  Type  B-H-4 


standardized  gravimetrically.  This  solution  was 
diluted  1  to  1000  to  give  the  working  standard. 

A  standard  beryllium  solution  was  also  prepared  from  a  high- 
grade  beryl  of  known  beryllium  content  by. the  following  pro¬ 
cedure:  A  500-mg.  sample  was  fused  with  10  grams  of  fusion  mix¬ 
ture,  the  melt  dissolved  in  150  ml.  of  1  to  1  hydrochloric  acid, 
and  diluted  to  250  ml.  This  solution  was  further  diluted  1  to  20 
to  give  a  working  standard,  1  ml.  of  which  contained  11.2  micro¬ 
grams  of  beryllium  oxide.  The  weaker  solution  was  used  almost 
exclusively  as  a  standard  in  the  analysis  of  unknowns.  A  new 
standard  solution  was  prepared  about  once  a  month,  as  silica 
separated  from  the  concentrated  solution  after  standing  some 
time.  The  diluted  solutions  were  unaffected  by  standing. 

Equipment.  In  addition  to  the  ordinary  glassware,  pipets, 
burets,  and  platinum  ware  common  to  all  laboratories,  the  fol¬ 
lowing  pieces  of  equipment  were  used: 

Two  2-ml.  automatic  pipets. 

Pyrex  test  tubes  (20  X  200  mm.),  calibrated  at  12.5  and  25 

ml.  These  are  sold  as  Lewis-Benedict  blood  sugar  tubes.  When 
used  for  visual  comparison,  only  those  tubes  were  selected  which 
were  the  same  height  (within  ±3-mm.  tolerance)  from  the 
bottom  up  to  the  25-ml.  graduation. 

Optical  glass  cell  (for  photoelectric  determination  only),  31- 

mm.  cube  inside  measurement,  1-mm.  wall  thickness.  These 
may  be  purchased  from  Pyrocell  Manufacturing  Co.,  207  East 
84th  St.,  New  York  28,  N.  Y. 

Glass  standards  (for  photoelectric  determination  only).  A 
series  of  glass  standards  was  made  by  embedding  2.5  X  2.5  cm. 
squares  of  fluorescent  glass  in  a  horizontal  position  in  wooden 
blocks  which  were  the  same  size  as  the  optical  cell.  The  glass 
squares  were  prepared  by  cutting  a  5-cm.  (2-inch)  square  Corning 
filter  No.  3750  into  quarters.  The  faces  next  to  the  phototube 
were  covered  by  a  section  of  Corning  filter  No.  3480,  to  transmit 
light  of  the  desired  wave  length.  The  sides  of  the  block  next  to 
the  phototube  and  the  light  source,  respectively,  were  covered 
with  brass  plates.  The  apertures  in  these  plates  were  made 
of  such  size  that  readings  were  obtained  comparable  to  those  re¬ 
sulting  from  the  beryllium  standards. 

Visual  comparator.  A  visual  comparator  similar  to  that  used 
by  Palmes  and  Alford  ( 3 )  was  built  from  wood  and  painted  a  flat 
black  with  a  nonfluorescent  paint.  Figure  1  shows  the  light¬ 
tight  comparison  box,  which  was  equipped  with  a  sliding  rack 
to  carry  four  sample  tubes.  Ultraviolet  light  was  admitted  di¬ 
rectly  behind  the  test  tube  rack  through  a  Corning  heat-resistant 
red  purple  ultra  filter  No.  5874,  which  eliminated  visible  light. 
The  fluorescence  was  observed  through  the  viewing  aperture  in 
the  front  of  the  box.  A  hinged  panel  immediately  above  the 
tube  rack  facilitated  rapid  changing  of  unknowns  and  standards. 
The  light  source  shown  in  Figure  2  was  a  General  Electric  Type 
B-H-4  high-pressure  mercury  lamp  with  an  aluminum  reflector. 
An  auxiliary  ballast  transformer  with  a  primary  of  115  volts  was 
needed  for  the  mercury  lamp.  This  complete  light  source  unit 
may  be  purchased  from  the  General  Electric  Vapor  Lamp  Co., 
Hoboken,  N.  J.  All  the  samples  analyzed  during  this  work 
were  matched  in  this  comparator  although  many  were  also 
run  photoelectrically. 

Photoelectric  fluorometers.  The  original  fluorometer  used  in 
the  early  part  of  the  work  was  built  in  the  laboratory  of  one  of 
the  authors  (C.  E.  White)  according  to  the  description  of  Hand 
( 2 ),  except  that  a  galvanometer  with  a  sensitivity  of  1  scale  divi¬ 
sion  equivalent  to  0.0004  microampere  was  substituted  for  the 
microammeter  and  a  voltage  regulator  and  a  ventilating  fan  were 
used  to  control  the  lamp  voltage  and  temperature. 


All  later  data,  in¬ 
cluding  those  in 
Table  II,  were  taken 
with  a  Beckman 
spectrophotometer 
for  which  a  fluoro-  i 
metric  attachment 
was  designed  ( 1 ). 

A  Lumetron  fluo¬ 
rescence  meter  could 
also  be  used. 

ANALYTICAL 
METHOD 

If  the  mineralogi-  : 
cal  composition  and 
approximate  beryl-  I 
lium  content  of 
the  sample  are  not  < 
known,  a  preliminary  i 
test  is  made  to  in-  i 
dicate  which  of  the 
procedures  described  below  is  to  be  followed  in  preparing  the 
beryllium-bearing  solution. 

For  the  test  run  the  sample  is  treated  as  though  it  contained  . 
over  1%  beryllium  oxide.  Aliquots  of  0.1  and  1.0  ml.  are  then  i 
used  to  develop  the  fluorescence  as  described  under  the  section 
for  the  determination  of  beryllium  oxide  in  solutions.  Only  5 
standards  (0.0,  0.5,  1.0,  1.5,  and  2.0  ml.  of  standard  solution)  are  ( 
used  for  this  comparison.  If  a  photoelectric  instrument  is  em¬ 
ployed,  no  standard  solutions  are  required;  the  instrument  is 
set  with  a  glass  standard  and  the  readings  are  compared  with  a 
previously  prepared  standard  curve. 

Preparation  of  Samples  for  Analysis.  Procedure  For 
Ores  of  Beryllium  Oxide  Content  Greater  Than  1%  (low  in 
interfering  ions.)  Mix  a  500-mg.  sample  with  10  grams  of  fusion 
mixture  in  a  100-ml.  platinum  dish.  Fuse  at  1000°  C.  in  a  muffle 
furnace  for  3  to  5  minutes.  Remove  the  dish  from  the  furnace, 
cool  somewhat,  and  place  in  a  600-ml.  beaker  which  contains 
150  ml.  of  1  to  1  hydrochloric  acid.  When  solution  is  complete,  I 
which  usually  requires  about  5  minutes,  remove  and  rinse  the 
platinum  dish.  Cool  the  solution  to  room  temperature,  transfer 
to  a  250-ml.  volumetric  flask,  and  add  water  to  250  ml.  Make  a 
test  run  on  this  solution  to  indicate  necessary  dilution,  and  dilute  I 
so  that  1  ml.  of  solution  is  equivalent  to  approximately  10  micro-  | 
grams  of  beryllium  oxide.  Use  four  aliquots  which  cover  a  range  I 
of  5  to  24  micrograms  of  beryllium  oxide  for  the  analysis. 

Procedure  for  Ores  of  Beryllium  Oxide  Content  Less  j 
Than  1%  (low  in  interfering  ions).  Moisten  a  1.000-gram 
sample  contained  in  a  100-ml.  platinum  dish  with  aerosol  and 
distilled  water.  Add  30  to  40  ml.  of  hydrofluoric  acid,  3  ml.  of  j 
nitric  acid,  and  1  ml.  of  sulfuric  acid.  Evaporate  to  dryness  on  a  s 
hot  plate,  and  ignite  over  a  burner  until  the  sulfur  trioxide  fumes  t 
are  expelled.  Add  10  grams  of  the  fusion  mixture  and  fuse  in  a 
muffle  furnace.  Remove  from  the  furnace,  cool  several  minutes,  | 
place  the  dish  and  contents  in  a  600-ml.  beaker,  add  100  ml.  of  , 
30%  hydrochloric  acid,  and  heat  on  a  steam  bath  until  the  melt  j 
is  dissolved.  Columbium  and  tantalum,  if  present,  will  hy¬ 
drolyze  and  separate  at  this  point.  When  this  occurs  remove  and  , 
rinse  the  platinum  dish,  boil  the  solution  0.5  hour,  filter,  and  wash 
the  precipitate  well  with  water.  In  the  absence  of  columbium  and 
tantalum  filtration  is  unnecessary. 

If  the  beryllium  oxide  content  is  0.1%  or  more,  transfer  the 
solution  into  a  250-ml.  volumetric  flask  and  make  up  to  volume,  t 
Make  a  test  run  to  determine  whether  dilution  is  necessary,  and 
if  so,  dilute  until  1  ml.  contains  approximately  10  micrograms  of 
beryllium  oxide.  Use  four  aliquots  of  original  or  diluted  solution, 
which  contain  5  to  24  micrograms  of  beryllium  oxide  for  the 
analysis. 

When  the  beryllium  oxide  content  is  less  than  0.1%,  concen¬ 
tration  is  necessary.  To  do  this,  heat  the  solution  until  it  boils 
and  precipitate  beryllium  and  aluminum  with  ammonium  hy¬ 
droxide  at  a  pH  of  8.0.  Boil  1  minute  and  set  aside  for  at  least 
2  hours  or  preferably  overnight.  Filter  on  Whatman  No.  41  H 
paper.  Wash  several  times  with  0.1%  ammonium  hydroxide 
and  once  with  water.  Return  paper  and  precipitate  to  original 
beaker,  dissolve  the  precipitate  in  5  ml.  of  concentrated  hydro¬ 
chloric  acid  and  about  25  ml.  of  water,  filter  into  a  100-ml. 
volumetric  flask,  wash  paper  well  with  water,  and  dilute  the  solu¬ 
tion  to  100  mb 

Make  a  test  run  to  determine  whether  further  dilution  is  neces¬ 
sary,  and  if  so,  dilute  until  1  ml.  contains  approximately  10  micro- 
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rams  of  beryllium  oxide.  Use  aliquots  of  original  or  diluted  solu- 
ion,  which  contain  5  to  24  micrograms  of  beryllium  oxide  for  the 
nalysis. 

Procedure  for  Ores  with  High  Iron,  Manganese,  and  Mag- 
rEsiuM  Content.  Treat  as  directed  in  the  preceding  section 
o  the  step  where  the  sample  is  in  solution  and  columbium  and 
antalum  are  removed.  At  this  point  add  0.5  ml.  of  concentrated 
litric  acid  and  heat  to  boiling.  Add  20%  sodium  hydroxide  until 
irecipitation  starts,  and  then  add  at  one  time  a  volume  of  20% 
odium  hydroxide  equivalent  to  one  half  of  the  volume  of  the 
leutralized  solution.  Add  about  1  gram  of  sodium  peroxide, 
ioil  0.5  hour,  cool  15  minutes,  and  filter  with  suction  on  a  heavy 
iad  of  filter-paper  pulp  prepared  from  Whatman  No.  41  H  paper. 
Vash  well  with  hot  5%  sodium  hydroxide  and  twice  with  water, 
icidify  the  filtrate  with  hydrochloric  acid,  bring  to  a  boil,  and 
irecipitate  beryllium  and  aluminum  with  ammonium  hydroxide 
t  a  pH  of  8.0.  Boil  1  minute  and  set  aside  for  at  least  2  hours 
r  preferably  overnight.  Filter  with  suction  on  a  Whatman  No. 
1  H  filter  paper  and  continue  as  directed  in  the  preceding 
aethod. 


ML.  OF 0.029%  QUINIZARIN  IN  C.P.  ACETONE 

Figure  3.  Effect  of  Dye  Concentration 
on  Fluorescence  of  Beryllium  and 
*  Quinizarin 

Procedure  for  Determination  of  Beryllium  Oxide  in 
Solutions.  Preparation  of  tubes  for  the  development  of  fluo- 
escence  should  follow  rigidly  the  standard  procedure  because 
mall  variations  in  the  preparative  routine  frequently  lead  to 
ff-color  solutions. 

Prepare  a  set  of  standards  in  twenty-three  calibrated  tubes 
diich  contain  the  following  volumes  of  standard  beryl  solution, 
r  beryllium  chloride  solution,  1  ml.  of  which  contains  an  equiv- 
lent  of  10  to  12  micrograms  of  beryllium  oxide:  five  blank  tubes, 
>2,  0.4,  0.5  0.6,  0.7,  0.8,  0.9,  1.0,  1.1,  1.2,  1.3,  1.4,  1.5,  1.6,  1.7, 
.8,  1.9,  and  2.0  ml.  Pipet  four  aliquots  of  each  unknown  sample 
rhich  contain  5  to  24  micrograms  of  beryllium  oxide  into  similar 
ubes.  Add  2  ml.  of  5%  sodium  citrate  from  an  automatic 
>ipet  and  3  drops  of  quinizarin  to  each  tube.  Neutralize  with 
!%  sodium  hydroxide  until  the  color  of  the  solution  changes  to 
>urple.  Add  water  to  12.5-ml.  mark.  Add  1  ml.  of  0.029% 
[uinizarin  to  each  tube  and  mix  by  swirling.  If  any  of  the  solu- 
ions  are  incompletely  neutralized,  as  indicated  by  a  light  color, 
.dd  more  sodium  hydroxide  until  they  match  the  color  of  the 
tandards.  Add  2  ml.  of  1%  sodium  hydroxide  from  an  auto- 
natic  pipet,  and  water  to  25  ml.  Starting  with  the  blank  tubes, 
oyer  the  end  of  the  tubes  with  the  thumb,  and  shake  well  to 
nix.  Glass-stoppered  containers  may  be  used,  but  rubber  stop- 
>ers  must  not  be  used  in  these  tubes  under  any  circumstances, 
)ecause  the  action  of  acetone  on  the  rubber  produces  a  brilliant 
>lue  fluorescence.  The  solutions  even  dissolve  a  less  brilliant  blue 


fluorescent  substance  from  the  skin;  therefore,  the  same  thumb 
should  be  used  to  shake  all  the  tubes  and  it  should  be  well  rinsed 
before  starting.  The  blank  solutions  remove  most  of  the  mate¬ 
rial  from  the  thumb,  so  that  the  standards  and  samples  are  un¬ 
affected.  Should  it  prove  necessary  to  make  up  a  single  tube,  the 
mixing  may  be  effected  by  pouring  the  solution  back  and  forth 
from  two  test  tubes,  or  by  preceding  it  w’ith  four  blank  solutions. 

All  solutions  should  be  protected  from  sunlight  or  the  direct 
light  from  an  electric  lamp;  however,  it  is  not  necessary  to  work 
in  darkness. 

Compare  the  unknown  solutions  with  the  standard  solutions 
in  the  visual  comparator,  or  make  readings  with  a  photoelectric 
fluorometer  and  calculate  the  percentage  of  beryllium  oxide. 

EXPERIMENTAL  RESULTS  AND  DISCUSSION 

The  method  was  tested  on  four  beryllium  ores.  These  samples 
were  analyzed  for  beryllium  oxide  by  the  visual  fluorescent 
method;  also,  representative  samples  were  sent  to  seven  different 
laboratories  experienced  in  beryllium  analysis.  The  average 
results  obtained  by  these  seven  laboratories  were  considered  as 
representing  most  nearly  the  true  beryllium  content  of  the  ores. 
The  results  are  given  in  Table  I,  which  also  shows  the  reproduci¬ 
bility  of  the  fluorescent  method. 

Table  II  shows  the  results  of  analyses  by  the  fluorometric 
method  on  standard  mixtures  of  known  beryllium  oxide  content. 
These  were  prepared  from  the  high-grade  sample  by  dilution  with 
beryllium-free  potash  feldspar.  The  errors  on  the  mixture  that 
contained  0.022%  beryllium  oxide,  although  somewhat  large  in 
a  relative  sense,  are  within  acceptable  limits  because  in  practice 
the  third  figure  would  not  be  shown;  with  one  exception,  all 


Table  I.  Determination  of  BeO  in  Analyzed  Samples 


BeO  Found 
Mean  and  standard 
deviation  of  mean 

Visual 

of  results  from 

fluorometric. 

Sample 

seven  laboratories3 

method 

% 

% 

Beryl  concentrate 

11.2  ±0.1 

11.1 

Medium-grade 

5.51  ±  0.07 

11.2 

11.1 

11.2: 

beryl  ore 

5.3® 

Low-grade 

1.39  ±0.05 

5.51 

5.38 
5.36 

1.38 

beryl  ore 

1.39 

Tailing  waste 

0.26  ±  0.02 

1.36 

1  39 

0.26 

0.25 

0.24 

0.26 

“  Geological  Survey,  Bureau  of  Mines,  Rolla,  Mo.,  Salt  Lake  City,  Utah, 
and  College  Park,  Md.,  Paul  Brinton,  Pasadena,  Calif.,  Beryllium  Corp. 
of  Pennsylvania,  Tenftile,  Pa.,  and  Ledoux  and  Co.,  New  York,  N.  Y. 


Table  II.  Determination  of  BeO  in  Standard  Mixtures  by  Fluoro¬ 
metric0  Method 

(Comparison  of  visual  and  photoelectric  methods) 

BeO  Found 


BeO  Present 

Visual  method 

Photoelectric  method 

% 

% 

% 

2.24 

2.28 

2.31 

2.27 

2.27 

2.29 

2.29 

2.31 

2.26 

1.12 

1.14 

1.12 

1.12 

1.15 

1.13 

1.09 

1.12 

1.16 

0.22 

0.23 

0.24 

0.22 

0.23 

0.24 

0.23 

0.22 

0.23 

0.022 

0.019 

0.024 

0.020 

0.026 

0.019 

0.023 

0.016 

0.020 

“For  each  concentration  of  beryllium  oxide,  four  different  samples  were 
carried  through  entire  procedure. 
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would  be  reported  as  0.02%.  It  is  virtually  impossible  to  analyze 
samples  which  contain  such  low  amounts  of  beryllium  oxide  by 
gravimetric  procedures.  Table  II  also  gives  a  comparison  of 
results  by  the  visual  and  photoelectric  methods  and  shows  them 
to  be  in  close  agreement.  The  choice  of  procedure  need  be  gov¬ 
erned  only  by  personal  preference  or  the  availability  of  a  photo¬ 
electric  instrument. 


MICROGRAMS  OF  BeO 

Figure  4.  Effect  of  Beryllium  Concentration  on  Fluorescence  of 
Beryllium  and  Ouinizarin 


Characteristics  of  the  Fluorescence.  Beryllium  reacts 
with  quinizarin  over  a  wide  range  of  concentration  and  produces 
a  fluorescent  band  which  covers  the  spectral  range  from  5700  to 
6400  A.  One  milliliter  of  0.029%  quinizarin  with  5  to  24  micro¬ 
grams  of  beryllium  oxide  appeared  to  be  the  best  ratio  for  visual 
comparison.  Figure  3  shows  the  effect  of  changes  in  the  dye 
concentration  on  the  fluorescence  and  indicates  the  necessity  for 
careful  control  of  the  amount  of  dye  used. 

Figure  4  shows  the  relation  between  the  beryllium  concentra¬ 
tion  and  the  fluorescence  of  the  solution.  Even  though  the  use 
of  the  straight-line  portion  of  the  curve  between  25  and  90  micro¬ 
grams  of  beryllium  oxide  would  seem  desirable,  this  is  not  gener¬ 
ally  practical  except  for  pure  beryllium  solutions  when  measured 
photoelectrically. 

Effect  of  Other  Ions.  All  elements  that  are  precipitated  in 
an  alkaline  citrate  solution  must  be  removed  before  beryllium  is 
determined  by  the  fluorometric  method.  Among  these  are  iron, 
manganese,  magnesium,  calcium,  and  silica,  all  of  which,  when 
present  in  sufficient  quantities,  decreased  the  intensity  of  the 
fluorescence.  Strong  oxidizing  ions  such  as  hexavalent  chro¬ 
mium  interfered  through  destruction  of  the  dye.  For  the  most 
part,  the  presence  of  these  substances  in  amounts  sufficient  to 
interfere  are  indicated  by  off-color  fluorescence. 

The  weights  of  the  ions  given  in  the  following  section  refer  to 
the  amount  of  the  various  substances  contained  in  one  compari¬ 
son  tube. 

Silica,  when  present  to  the  extent  of  1.2  mg.,  caused  the 
fluorescence  to  pale,  and  the  silica  separated  as  a  gelatinous  pre¬ 
cipitate  which  adhered  to  the  walls  of  the  tube.  When  4.0  mg. 
or  more  were  present  the  precipitate  settled  to  the  bottom  of  the 
tube.  It  appears  that  more  silica  can  be  tolerated  as  sodium 
silicate  than  as  a  complex  ion  with  boron. 


Iron,  in  amounts  greater  than  0.04  mg.  of  ferric  oxide,  pro¬ 
duced  a  dull  and  darker  red  fluorescence  than  pure  beryllium 
solutions.  When  more  than  0.6  mg.  of  ferric  oxide  was  present 
ferric  hydroxide  settled  out.  During  the  neutralization  step, 
solutions  which  contained  appreciable  amounts  of  iron  assumed 
a  maroon  and  then  a  brownish  color. 

Manganese,  when  present  in  quantities  greater  than  0.02  mg. 
caused  a  decrease  in  the  intensity  of  fluorescence.  A  dark-red 
shade  characterized  the  color  of  the  fluorescence  when  0.2  mg.  or 
more  of  manganese  was  present.  Solutions  which  contained  more 
than  this  had  a  murky  appearance  due  to  a  fine  suspended  pre¬ 
cipitate. 

Magnesium,  when  present  in  amounts  exceeding  0.06  mg. 
of  magnesium  oxide,  produced  a  fluorescence  that  was  sometimes 
brighter  when  first  prepared  but  soon  faded  to  pale  lavender. 
Formation  of  a  purple  flocculent  precipitate  started  at  0.1  mg. 
of  magnesium  oxide  and  absorbed  all  the  dye  from  the  solution. 
Excessive  amounts  of  magnesium  oxide  (30  to  40  mg.),  which 
produced  a  heavy  precipitate  of  magnesium  hydroxide,  gave  a 
brilliant  fluorescence  that  could  be  seen  in  ordinary  light.  The 
presence  of  magnesium  can  be  recognized  during  the  neutraliza¬ 
tion  step  because  the  solutions  have  a  more  blue-purple  color 
than  the  regular  samples, 

Calcium,  when  present  in  excess  of  1.0  mg.  of  calcium  oxide, 
caused  a  paler  and  more  lavender  fluorescence.  The  solutions 
themselves  had  a  clear  slate-blue  color. 

Lithium  produced  a  fluorescence  with  quinizarin  that  was 
somewhat  more  scarlet  than  that  obtained  with  beryllium.  If 
present  in  quantities  greater  than  0.04  mg.  of  lithium  oxide  in 
beryllium-bearing  solutions,  it  enhanced  the  fluorescence  of 
beryllium. 

Aluminum,  when  present  to  the  extent  of  10  to  60  mg.  of 
aluminum  oxide,  caused  an  increase  in  the  intensity  of  fluo¬ 
rescence  but  a  decrease  in  redness.  A  pink-salmon  color  appeared 
before  neutralization  was  complete.  It  is  recommended  in  such 
cases  that  a  solution  which  contains  less  aluminum  be  used  as  a 
control  and  the  neutralization  continued  until  the  color  of  the 
two  solutions  is  the  same.  The  precipitate  formed  in  the  high 
aluminum  solutions  may  be  recognized  by  its  white  bulky  non- 
gelatinous  appearance. 

Zinc,  in  amounts  greater  than  0.5  mg.,  caused  a  decrease  in  the 
fluorescence  of  beryllium  and  quinizarin;  amounts  greater  than 
1.0  mg.  of  zinc  were  precipitated.  The  zinc  precipitate  appeared 
first  as  a  fine  white  suspension  on  neutralization,  which  flocculated 
into  large  white  floes. 

Phosphate,  when  present  in  amounts  less  than  30  mg.  of  phos¬ 
phorus  pentoxide',  produced  no  noticeable  effect. 

Hydroxyl.  Excess  sodium  hydroxide  caused  a  less  intense 
fluorescence  and  a  darker  purple  solution.  Care  should  be  taken 
during  the  neutralization  step  not  to  exceed  the  end  point. 

Fluoride,  in  amounts  remaining  after  the  hydrofluoric  acid 
treatment,  caused  no  deleterious  effect. 

Sulfate.  Sulfuric  acid  of  the  same  normality  as  the  hydro¬ 
chloric  acid  may  be  substituted  for  the  latter  in  the  procedures. 

The  precautions  that  must  be  observed  in  almost  all  fluoro¬ 
metric  analyses  are  applicable.  For  example,  technical-grade 
acetone  has  a  decided  blue  fluorescence  and  cannot  be  substituted 
for  the  c.p.  reagent.  All  commercial  alcohol  on  hand  in  this 
laboratory  also  had  a  blue  fluorescence,  although  if  redistilled 
from  an  all-glass  apparatus  it  could  be  substituted  for  acetone. 
The  dye  solution  and  solutions  prepared  for  comparison  must 
be  kept  from  all  contact  with  rubber  and  grease.  On  short 


Table  III.  Effect  of  Sodium  Hydroxide  Separation  of  20  Mg.  of 
Ferric  Oxide  on  Recovery  of  Beryllium  Oxide 


Solution 

BeO  Origi- 

BeO  in  Diluted  Solution 

No. 

nally  Taken 

Present 

Found 

,  Error 

Mg. 

Microgra 

ms/  ml. 

% 

1 

0 

0 

0 

2 

0.122 

1.22 

0.77 

-36. 1 

3 

0.610 

6. 10 

5.52 

-  9.4 

4 

1.22 

12.2 

10.6 

-13.  1 

5 

1.83 

9.15 

8.74 

-  4.5 

6 

2.44 

12.2 

12.4 

+  1.6 

7 

4.88 

9.76 

9.74 

-  0.21 

8 

7.32 

7.32 

7.73 

+  5.6 

9 

9.76 

9.76 

10.5 

+  7.2 

10 

12.2 

4.88 

5.10 

+  4.5 

11 

24.4 

9.76 

9.91 

+  1.5 

12 

36.6 

7.32 

6.65 

-  9.1 

13 

61.0 

12.2 

12.1 

-  0.82 

14 

85.4 

8.54 

8.34 

-  2.3 
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contact,  acetone  extracts  a  substance  from  rubber  that  produces 
a  brilliant  blue  fluorescence.  Grease,  as  on  stopcocks,  is  also 
fluorescent  and  should  never  be  used  with  acetone  solutions  and 
only  sparingly  with  the  other  solutions.  Rubber  tube  connections 
may  be  used  for  the  sodium  citrate  and  sodium  hydroxide  solu¬ 
tions. 

Separations.  The  composition  of  the  beryllium  ores  is  such 
that  iron,  manganese,  and  silica  are  frequently  present  in  low- 
grade  materials  in  amounts  exceeding  the  tolerable  limits.  Silica 
in  the  gangue  materials  is  removed  by  the  preliminary  hydro¬ 
fluoric  acid  treatment  used  for  all  low-grade  materials.  The 
iron,  manganese,  and  all  other  ions  mentioned  except  aluminum 
are  removed  by  the  sodium  hydroxide  and  ammonium  hydroxide 
treatments.  These  separations  were  adopted  after  laboratory 
tests  indicated  that  they  could  be  safely  employed. 

Experiments  were  made  to  test  the  effects  of  the  sodium  hy¬ 
droxide  separation  on  the  beryllium  recovery  (Table  III). 
Fourteen  solutions  were  prepared  which  contained  the  equivalent 
of  0  to  85  mg.  of  beryllium  oxide,  8  mg.  of  aluminum  oxide,  20 
mg.  of  ferric  oxide,  and  10  grams  of  fusion  mixture.  These  solu¬ 
tions  were  treated  by  the  method  described  for  samples  with  a 
high  iron  and  manganese  content,  and  the  beryllium  present  was 
determined  after  treatment  for  the  separation  of  iron  and  proper 
dilution.  The  readings  were  made  in  the  visual  comparator. 

The  results  of  these  experiments  were  considered  well  within 
the  experimental  limits.  The  percentage  error  was  always  less 
than  10%,  except  when  the  amountf  of  beryllium  oxide  present 
was  less  than  1.22  mg.  This  amount  of  beryllium  oxide  would 
represent  0.12%  BeO  if  it  occurred  in  a  1-gram  sample;  hence 
it  is  evident  that  the  seemingly  large  errors  which  appear  for  the 
first  three  solutions  in  Table  III  can  easily  be  tolerated,  since 
in  the  analysis  of  samples  they  would  make  very  little  difference 
in  the  final  answer. 

To  test  the  sodium  hydroxide  separation  for  larger  amounts 
•of  iron,  a  series  of  nine  solutions  was  prepared.  Each  solution 
contained  the  equivalent  of  4.88  mg.  of  beryllium  oxide,  8  mg.  of 
aluminum  oxide,  10  grams  of  fusion  mixture,  and  75  ml.  of  30% 
hydrochloric  acid.  Iron  in  the  form  of  the  chloride  was  added 
in  the  amounts  shown  in  Table  IV. 

Iron  was  separated  as  above  and  the  beryllium  content  deter¬ 
mined.  The  amounts  of  beryllium  oxide  found  by  visual  com¬ 
parison  were  a  little  lower  than  the  amount  present,  but  all  were 
within  7.5%  of  the  true  value.  The  results  are  summarized  in 
Table  IV. 


Table  IV.  Effect  of  Separation  of  Large  Amounts  of  Iron  on 
Recovery  of  Beryllium  Oxide 


Solution 

FezOa 

BeO  in  Diluted  Solution 

No. 

Added 

Present 

Found 

Error 

Mg. 

Micrograms/  ml. 

% 

1 

20 

9.76 

9.49 

-2.8 

2 

30 

9.76 

9.31 

-4.6 

3 

40 

9.76 

9.80 

-0.41 

4 

50 

9.76 

9.24 

-5.3 

5 

60 

9.76 

9.37 

-4.0 

6 

80 

9.76 

9.31 

-3.6 

7 

100 

9.76 

9.04 

-7.4 

8 

150 

9.76 

9.05 

-7.3 

9 

200 

9.76 

9.21 

-5.6 

It  can  be  concluded  from  these  experiments  that  sodium  hy¬ 
droxide  can  be  used  satisfactorily  to  separate  iron  from  beryllium 
wherever  it  may  occur  in  amounts  sufficient  to  interfere  with  the 
analysis. 

Should  the  aluminum  concentration  ever  exceed  the  tolerable 
limits,  the  bulk  of  it  may  be  separated  as  the  chloride  in  ether 
by  the  Gooch  Havens  method.  This  procedure  was  tried  on  the 
synthetic  sample  which  contained  0.22%  beryllium  oxide  and  to 
which  aluminum  was  added.  Excellent  results  were  obtained 
and  there  was  no  loss  of  beryllium. 

Effect  of  Light.  Tubes  prepared  for  comparison  of  the 
fluorescence  must  be  protected  from  sunlight  and  the  direct  light 


from  an  electric  lamp.  Upon  exposure  to  strong  light,  the  purple 
color  faded,  first  with  an  increase  in  the  intensity  of  the  fluores¬ 
cence  followed  by  complete  destruction  of  the  color  and  fluores¬ 
cence. 

Effect  of  Temperature.  Small  temperature  changes  as 
experienced  under  normal  room  conditions  appear  to  have  no 
appreciable  effect  on  the  fluorescence  of  beryllium  and  quini- 
zarin,  and  any  changes  which  might  occur  are  offset  by  prepara¬ 
tion  and  comparison  of  standards  and  unknowns  at  the  same 
time.  Large  temperature  changes  of  15°  to  20°  do  affect  the 
fluorescence.  A  decrease  in  temperature  is  accompanied  by  in¬ 
crease  in  the  intensity  of  the  fluorescence. 

Effect  of  Time.  The  solutions  prepared  for  fluorometric 
comparison  may  stand  approximately  4  hours  before  the  fluo¬ 
rescence  is  measured  without  introduction  of  an  appreciable 
error;  after  longer  periods  of  time,  the  purple  color  fades  slowly 
and  the  fluorescence  is  increased. 


Table  V.  Determination  of  Beryllium  Oxide  in  Minerals  Other 

Than  Beryl 

(Comparison  of  gravimetric  and  fluorometric  methods) 

%  BeO  Found 

Mineral  Gravimetric  Fluorometric 

Chrysoberyl  16.5  17.1 

Helvite  5.36  5.35 

Phenacite  44.6  44.2 


APPLICATION  TO  OTHER  MINERALS 

Minerals  other  than  beryl  may  be  analyzed  for  beryllium  by 
the  procedures  given  in  this  paper.  Samples  of  phenacite,  helvite, 
and  chrysoberyl  were  analyzed  by  the  gravimetric  and  fluori- 
metric  methods  (Table  V).  The  agreement  between  the  two 
methods  was  of  the  same  order  as  that  obtained  with  the  standard 
samples.  Phenacite  and  helvite  behaved  like  beryl  and  caused 
no  difficulty.  Chrysoberyl,  however,  required  a  prolonged  fusion 
(30  minutes)  followed  by  solution,  filtration,  and  a  second  fusion 
of  the  residue.  Two  fusions  gave  complete  solution. 
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Determination  of  Inorganic  Phosphorus  in  Plant  Materials 

W.  A.  PONS,  JR.,  AND  JOHN  D.  GUTHRIE 
Southern  Regional  Research  Laboratory,  New  Orleans,  La. 


A  method  is  described  for  the  determination  of  inorganic  phos¬ 
phorus  in  a  variety  of  plant  materials,  including  those  high  in  pro¬ 
tein.  A  trichloroacetic  acid  extraction  and  colorimetric  evalua¬ 
tion  by  a  modification  of  the  Berenblum  and  Chain  procedure  are 
utilized.  The  molybdenum  blue  complex  developed  in  isobutyl 
alcohol  has  absorption  maxima  at  625-630  and  730  m m,  respectively, 
and  is  stable  for  19  hours. 

A  METHOD  for  determining  inorganic  phosphorus  in  plant 
materials  was  required  in  investigations  on  the  influence  of 
the  phosphorus  compounds  present  on  the  preparation  of  oilseed 
proteins  for  industrial  utilization.  It  was  essential  that  the 
method  be  unaffected  by  large  amounts  of  protein  or  by  colored 
and  turbid  extracts.  After  consideration  of  available  methods,  a 
trichloroacetic  acid  extraction  of  inorganic  phosphorus  and 
colorimetric  analysis  by  a  modified  Berenblum  and  Chain  (2) 
procedure  were  selected  for  study.  Certain  details  of  the  colori¬ 
metric  method  have  been  improved;  the  procedure  has  been 
adapted  to  use  with  either  a  spectrophotometer  or  photoelectric 
colorimeter;  and  the  validity  of  the  method  has  been  investigated. 

REAGENTS 

Trichloroacetic  acid  solution,  0.75  N.  Dissolve  123  grams  of 
reagent  grade  acid  in  water,  and  make  up  to  1  liter.  Make  the 
reagent  as  needed,  or  store  in  a  refrigerator. 

Molybdate  reagent.  Dissolve  50  grams  of  ammonium  molyb¬ 
date,  (NH4)6Mo7024.4H20,  in  400  ml.  of  10  N  sulfuric  acid  and 
500  ml.  of  water,  make  up  to  1  liter,  and  store  in  a  paraffin-lined 
bottle. 

Sulfuric  acid,  approximately  N.  Dilute  114  ml.  of  concentrated 
sulfuric  acid  to  4  liters. 

Stannous  chloride  stock  solution,  10  grams  of  stannous  chloride 
hexahydrate  dissolved  in  25  ml.  of  concentrated  hydrochloric 
acid.  Store  in  a  small  glass-stoppered  brown  bottle. 

Stannous  chloride,  dilute  solution.  Dilute  1  ml.  of  stock  solu¬ 
tion  to  200  ml.  with  approximately  N  sulfuric  acid  just  before  use. 

Isobutyl  alcohol.  Commercial  grade,  with  a  boiling  range  106  ° 
to  110°  C.,  is  satisfactory. 

Ethyl  alcohol,  95%. 

Standard  phosphate  solution.  Recrystallize  A.C.S.  grade  mono¬ 
basic  potassium  phosphate  three  times  from  water,  dry  at 
110°  C.,  and  store  in  a  desiccator  over  concentrated  sulfuric  acid. 
Dissolve  4.3929  grams  of  dry  salt  in  300  ml.  of  water  and  200  ml. 
of  approximately  N  sulfuric  acid.  Add  a  few  drops  of  0.1  A  po¬ 
tassium  permanganate  as  preservative  and  make  up  to  1  liter 
with  water.  This  stock  solution,  1.0  mg.  of  phosphorus  per  ml.,  is 
stable.  Dilutions  of  the  stock  solution  are  made  as  needed. 


ANALYTICAL  PROCEDURE 

Weigh  1-gram  samples  of  the  ground  material,  60-mesh  or 
finer  into  125-ml.  glass-stoppered  Erlenmeyer  flasks;  add  exactly 
50  ml.  of  0.75  N  trichloroacetic  acid;  and  shake  mechanically  for 
1  hour.  Filter  through  ashless  filter  paper  of  medium  retentivity, 
discarding  the  first  portion  of  the  filtrate. 

Pipet  aliquots  containing  from  0.005  to  0.045  mg.  of  inorganic 
phosphorus  (usually  2  ml.)  into  125-ml.  separatory  funnels  with 
a  mark  at  20  ml.  Add  5  ml.  of  the  molybdate-sulfuric  acid  re¬ 
agent  and  distilled  water  to  the  20-ml.  mark.  Add  10  ml.  of  isobu¬ 
tyl  alcohol  and  shake  for  2  minutes.  Discard  the  aqueous  layer, 
and  wash  by  shaking  once  with  10  ml.  of  approximately  N  sulfuric 
acid.  Add  15  ml.  of  dilute  stannous  chloride,  shake  for  1  minute, 
then  discard  aqueous  layer.  Transfer  the  blue  isobutyl  alcohol 
layer  to  a  50-ml.  volumetric  flask,  washing  the  funnel  with  ethyl 
alcohol.  Make  to  volume  with  ethyl  alcohol.  Determine  the 
transmission  of  the  blue  solutions  against  a  blank  containing  all 
reagents  with  an  Evelyn  photoelectric  colorimeter,  using  the  No. 
720  filter  or  a  spectrophotometer  at  730  m^t  at  any  time  from  40 
minutes  to  19  hours  after  color  development. 

Prepare  a  calibration  curve  by  pipetting  knowm  concentrations 


of  inorganic  phosphorus  in  the  range  0  to  0.045  mg.  of  phosphorus, 
obtained  by  diluting  stock  phosphate  solution,  into  125-ml.  sep¬ 
aratory  funnels  and  developing  the  color  exactly  as  outlined  in  the 
procedure.  The  logarithms  of  the  per  cent  transmission  values  of 
the  standards  may  be  fitted  to  a  straight  line  by  the  method  of 
least  squares  and  the  calculations  for  unknowns  made  from  the 
equation  of  this  line  (7).  The  calibration  curve  once  determined 
for  any  one  instrument  need  not  be  repeated,  since  the  standard 
curve  has  been  found  to  be  reproducible. 

An  alternate  calibration  method  for  the  Evelyn  colorimeter  con¬ 
sists  of  determining  the  K2  constant  from  the  logarithms  of  the 
transmission  values  of  the  standards.  Values  for  K2  determined 
with  the  Evelyn  colorimeter  (No.  720  filter)  are  shown  in  Table  I. 
When  using  the  Beckman  spectrophotometer  calculations  may  be 
made  from  the  extinction  coefficient.  The  extinction  coefficient 
a  at  730  m M,  *  =  EB/cLm  ,  was  found  to  be  523  using  the  Beckman 
spectrophotometer.  The  concentration  of  phosphorus,  in  mg.,  in 
the  final  50-ml.  volume  is  obtained  by  the  equation: 

Mg.  of  P  in  50-ml.  volume  =  °PticaI  density  x  5Q 

ah 

where  L  =  cell  length  in  cm. 


Table  I.  Calibration  Data  for  Evelyn  Colorimeter 


Evelyn  Colorimeter,  720  Filter 


Mg.  of  P  in  50- 

% 

Log  % 

Ml.  Volume 

transmission 

transmission 

Kia 

0.005 

80.2 

1 . 9042 

0.0521 

0.010 

64.7 

1.8109 

0.0529 

0.015 

52.2 

1.7177 

0.0531 

0.020 

41.7 

1.6201 

0.0526 

0.025 

33.8 

1 . 5289 

0.0531 

0.030 

27.5 

1.4393 

0  0535 

0.035 

22.5 

1.3522 

0.0540 

0.040 

18.3 

1.2625 

0.0542 

0.045 

15.0 

1.1761 

0 . 0546 

Mg.  of  P  =  (2-log  transmission)  X  Ki 

„  „  2-log  transmission  ^ 

1 

Av.  0.0533 

mg.  of  P  in 

50-ml.  volume’ 

K 

INVESTIGATION  OF  EXTRACTION  PROCEDURE 

Most  inorganic  phosphorus  methods  for  plant  material  utilize 
a  dilute  sulfuric  or  hydrochloric  acid  extraction  of  inorganic  phos¬ 
phorus  (S,  6,  11).  Alcohol  acidified  with  hydrochloric  acid  has 
also  been  used  ( 5 ).  For  material  high  in  protein,  however,  ex¬ 
traction  with  dilute  sulfuric  or  hydrochloric  acid  is  unsatisfactory, 
since  enough  protein  is  extracted  to  cause  a  precipitate  to  form 
upon  addition  of  ammonium  molybdate  in  the  colorimetric 
analysis,  unless  this  protein  is  precipitated  before  analysis.  Tri¬ 
chloroacetic  acid  was  found  satisfactory  in  the  present  method 
since,  in  the  concentration  used,  it  does  not  extract  protein  pre- 
cipitable  by  the  molybdate  reagent  and  may  be  assumed  to  ex¬ 
tract  only  nonprotein  nitrogen. 

In  an  experiment  on  this  phase  of  the  method,  1-gram  samples 
of  Skellysolve  F-extracted  peanut  meal  were  extracted  for  1  hour 
with  trichloroacetic  acid  in  which  the  concentration  varied  from 
0.1  to  2.0  N.  Within  the  concentration  range  0.37  to  1.0  N,  the 
amount  of  inorganic  phosphorus  extracted,  0.71  mg.,  was  con¬ 
stant.  One-gram  samples  of  the  same  meal  were  also  extracted  for 
1  hour  with  both  0.36  N  and  N  sulfuric  acid  and  0.55  N  and  N 
hydrochloric  acid,  protein  being  precipitated  from  the  filtrates  by 
making  them  0.75  N  with  respect  to  trichloroacetic  acid  before 
analysis.  The  same  amount  of  inorganic  phosphorus,  0.71  mg., 
extracted  in  each  case,  was  equal  to  that  extracted  by  trichloro¬ 
acetic  acid  in  the  concentration  range  0.37  to  1.0  N.  Experience 
with  a  variety  of  plant  materials  has  shown  0.75  N  trichloroacetic 
acid  to  be  satisfactory  for  the  extraction. 
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Extraction  time  was  investigated  by  extracting  1-gram  samples 
of  a  different  solvent-extracted  peanut  meal  for  periods  ranging 
from  0.5  to  4  hours  with  0.75  N  trichloroacetic  acid.  The 
amount  of  inorganic  phosphorus  extracted,  0.69  mg.,  was  prac¬ 
tically  constant  over  the  entire  time  range,  the  only  effect  of  in¬ 
creasing  the  time  being  the  extraction  of  a  little  more  organic 
phosphorus  as  determined  by  difference  between  the  inorganic 
and  total  phosphorus  contents  of  the  extracts.  The  constancy 
of  the  inorganic  phosphorus  values  with  increasing  extraction 
time  is  evidence  that  there  was  no  conversion  of  organic  to  in¬ 
organic  phosphorus  during  the  1-hour  extraction  of  the  plant 
materials  investigated. 

RECOVERY  OF  ADDED  INORGANIC  PHOSPHORUS  AND  STUDY  OF 

INTERFERENCES 

Satisfactory  recovery  of  inorganic  phosphorus  added  to  peanut 
and  cottonseed  meals  in  the  form  of  monobasic  potassium  phos¬ 
phate,  KH2PO4,  and  primary  calcium  phosphate,  Ca(H2P04)2.- 
H2O,  was  obtained  as  shown  in  Table  II.  Satisfactory  recovery 
of  inorganic  phosphorus  added  to  highly  colored  trichloroacetic 
acid  extracts  of  goldenrod,  sweet  potato,  and  tobacco  leaves 
was  also  obtained.  Tricalcium  phosphate,  Ca3(P04)2,  is  also 
soluble  in  0.75  N  trichloroacetic  acid. 

No  interference  due  to  colored  extracts  has  been  observed. 
Chlorophyll  is  not  extracted  by  0.75  N  trichloroacetic  acid.  The 
yellow  color  of  most  plant  extracts  did  not  pass  into  the  isobutyl 
alcohol  and  consequently  was  discarded  with  the  aqueous  phase. 
In  cases  where  color  was  extracted  by  the  isobutyl  alcohol,  ex¬ 
amples  being  cottonseed  meal,  wheat  straw,  goldenrod,  and  sweet 
potato  leaves,  the  extracted  color  had  no  absorption  at  730  mu 
and  consequently  did  not  interfere.  Blanks  run  on  all  the  above 
colored  extracts,  adding  5  ml.  of  4  TV  sulfuric  acid  instead  of  the 
acid  molybdate  reagent,  gave  transmission  values  ranging  from 
99.5  to  100%  when  read  against  10  ml.  of  isobutyl  alcohol  made 
up  to  50  ml.  with  95%  ethyl  alcohol. 

With  a  few  plant  materials,  notably  cottonseed,  turbid  solutions 
were  obtained  on  extraction  with  0.75  N  trichloroacetic  acid. 
Shaking  with  isobutyl  alcohol  and  washing  once  with  N  sulfuric 
acid  in  the  method  cleared  these  extracts.  No  turbidity  has  been 
encountered  in  the  final  blue  solutions. 


Table  II.  Recovery  of  Inorganic  Phosphorus  Added  to  Petroleum 
Ether-Extracted  Peanut  and  Cottonseed  Materials 


Material,  0 . 5 
Gram 

Inorganic  Phosphorus 

In  sample 

Added 

Total 

Found 

Recovered 

Mg. 

Mg. 

Mg. 

Mg. 

% 

Peanut  kernels 

0.378 

0 . 500“ 

0.878 

0.883 

101 

Peanut  testa 

0.180 

0 . 500° 

0.680 

0.673 

.  99 

Cottonseed  meal 

0.301 

0.500“ 

0.801 

0.795 

99 

Peanut  kernels 

0.365 

2.255& 

2.620 

2.600 

99 

Cottonseed  meal  0.390 

a  Added  as  KH2PO4. 

&  Added  as  Ca(H2P04)2.H20. 

2.458*- 

2.848 

2.800 

98 

Most  of  the  trichloroacetic  acid  extracts  of  the  plant  materials 
investigated  contained  reducing  agents  which  caused  a  partial 
reduction  to  molybdenum  blue  prior  to  the  addition  of  stannous 
chloride,  the  extent  varying  considerably  with  different  plant 
materials.  Although  this  premature  reduction  does  not  affect 
the  precision  of  the  method,  inasmuch  as  a  large  excess  of  stan¬ 
nous  chloride  is  used  to  develop  the  maximum  molybdenum  blue 
color,  it  might  affect  those  inorganic  phosphorus  methods  in 
which  the  concentration  of  reducing  agent  must  be  carefully 
controlled. 

To  test  the  applicability  of  the  method  in  the  presence  of  or¬ 
ganic  phosphorus  compounds,  1-gram  samples  of  solvent-extracted 
peanut  meal  were  weighed,  and  25  mg.  of  the  various  organic 


Table  III.  Stability  of  Organic  Phosphorus  Compounds  Added  to 
1-Gram  Samples  of  Solvent-Extracted  Peanut  Meal  under  Method 

Conditions 

.  .  Inorganic  Phosphorus 

Inorganic  Phosphorus  Found 


Organic  Phosphorus 
Compound  Added, 

In 

Present 

In 

added 

1-hour 

extrac- 

24-hour 

extrac¬ 

tion 

'25  Mg. 

meal 

compound 

Total 

tion 

at  25°  C. 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

Na-/3-glycerophosphate 

•  .  . 

0.000 

0.000 

0.000 

0.000 

Na  -  jS  -  glycerophos¬ 
phate  +  meal 

0.723 

0.000 

0.723 

0.723 

0.745 

Di  -  K  -  glucose  -  1- 
phosphate 

0.019“ 

0.019‘ 

0.228 

1.388 

Di  -  K  -  glucose  -  1- 
phosphate  -f-  meal 

0.723 

0.019 

0.742 

0.915 

1.983 

Fructose  diphosphate 

0.015“ 

0.015 

0.025 

0. 145 

Fructose  diphosphate  + 

0.723 

0.015 

0.738 

0.750 

0.883 

Adenylic  acid 

0.000 

0.000 

0.000 

0.000 

Adenylic  acid  +  meal 

0.723 

0.000 

0.723 

0.720 

0 . 745 

Peanut  phytin 

0.032 

0.032 

0.028 

0.028 

Peanut  phytin  +  meal 

0.710 

0.032 

0.742 

0.745 

0.770 

a  Calculated  from  inorganic  phosphorus  analysis  by 

shakeout  method  and 

extrapolation  to  zero  time. 


phosphorus  compounds  listed  in  Table  III  were  added,  and  car 
ried  through  the  analytical  procedure.  Suitable  controls  for  the 
meal  alone  and  for  each  phosphorus  compound  were  also  run. 
The  samples  were  allowed  to  stand  at  room  temperature  for  24 
hours,  and  were  then  again  analyzed  for  inorganic  phosphorus. 

From  the  results  shown  in  Table  III  it  is  evident  that  glucose-1- 
phosphate  is  rapidly  hydrolyzed  by  the  0.75  N  trichloroacetic  acid 
used  in  the  extraction  step.  Fructose  diphosphate  is  hydrolyzed 
very  slowly,  while  sodium  /3-glycerophosphate,  adenylic  acid,  and 
phytin  show  no  hydrolysis  after  24  hours  in  contact  with  the  acid. 
Glucose-l-phosphate  is  said  to  be  involved  in  one  step  of  plant 
carbohydrate  metabolism  through  phosphorylation;  and  the 
determination  of  inorganic  phosphorus  is  frequently  used  to  • 
follow  the  progress  and  direction  of  phosphorylation,  with  glu¬ 
cose- 1-phosphate  as  a  substrate  (4,  10). 

To  determine  the  hydrolysis  of  glucose-l-phosphate  in  the 
shakeout  procedure,  10-mg.  samples  of  the  dipotassium  salt  of 
glucose-l-phosphate  were  added  to  a  series  of  separatory  funnels 
along  with  5  ml.  of  the  acid-molybdate  reagent.  The  samples 
were  analyzed  after  standing  for  various  periods  determined  from 
the  time  the  molybdate  was  added  to  the  time  at  which  the  shak¬ 
ing  with  stannous  chloride  was  completed.  The  shortest  interval, 

4  minutes,  showed  0.07%  hydrolysis  of  glucose-l-phosphate,  5 
minutes  0.13%,  10  minutes  0.37%,  28  minutes  0.97%,  and  67 
minutes  2.87%  hydrolysis.  The  5-minute  value  of  0.13%  hy¬ 
drolysis  compares  favorably  with  that  found  by  Hanes  (10),  who, 
with  the  method  of  Allen  (1),  obtained  0.4%  hydrolysis  of  glucose- 
l-phosphate  in  5  minutes’  contact  with  0.77  N  perchloric  acid. 

No  increase  in  inorganic  phosphorus  was  found  after  the  de¬ 
veloped  colored  solutions  were  allowed  to  stand  overnight,  show¬ 
ing  that  complete  separation  of  inorganic  phosphorus  from 
glucose-l-phospHate  was  obtained  in  the  shakeout  method.  The 
shakeout  method  should  prove  valuable  when  it  is  used  to  follow 
enzymatic  synthesis  by  measuring  increase  or  decrease  in  in¬ 
organic  phosphorus.  An  almost  insignificant  amount  of  hy¬ 
drolysis  of  glucose-l-phosphate  takes  place  in  the  approximately 
5  minutes  needed  for  analysis;  and,  once  developed,  the  colori¬ 
metric  readings  may  be  taken  at  any  time  up  to  19  hours  after 
development.  The  time  factor,-  which  must  be  carefully  con¬ 
trolled  in  the  usual  colorimetric  methods  when  glucose-l-phos- 
phate  is  present,  is  thereby  eliminated. 

Inasmuch  as  compounds  such  as  glucose-l-phosphate  and 
fructose  diphosphate  were  found  to  be  hydrolyzed  by  0.75  N 
trichloroacetic  acid  in  the  extraction  step,  1-gram  samples  of  the 
plant  materials  listed  in  Table  IV  were  simultaneously  extracted 
for  24  hours  at  room  temperature  and  24  hours  at  5°  C.,  after 
which  the  extracts  were  analyzed  for  inorganic  phosphorus. 
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Although  from  the  results  in  Table  -IV  it  is  evident  that  easily 
hydrolyzable  organic  phosphorus  compounds  do  not  appear  to  be 
present  in  any  significant  amount  in  the  plant  materials  investi¬ 
gated,  with  other  materials  1-hour  extraction  should  be  compared 
with  overnight  extraction  to  establish  the  absence  of  these  com¬ 
pounds. 

EVALUATION  OF  MOLYBDENUM  BLUE  COMPLEX 

Spectrophotometric  curves  of  the  molybdenum  blue  complex 
developed  by  the  shakeout  method  for  0.030  mg.  of  inorganic 
phosphorus  and  for  extracts  of  peanut  and  cottonseed  meals  of 
approximately  the  same  phosphorus  concentration  are  shown  in 
Figure  1.  A  Beckman  quartz  spectrophotometer  with  a  1-cm. 
cell  was  used,  a  reagent  blank  being  the  reference  solution.  All 
three  curves  show  the  same  two  points  of  maximum  absorption  at 
625-630  m/j  and  at  730  m/j,  which  are  characteristic.  The 
maximum  at  730  mju  is  much  sharper  than  that  at  625-630  my, 
and  measurements  should  be  made  at  730  my  to  obtain  maximum 
sensitivity.  That  the  position  of  the  maxima  is  unchanged  by 
the  presence  of  plant  extracts,  as  shown  in  Figure  1,  is  evidence 
that  materials  extracted  from  plants  do  not  interfere  with  the 
determination  by  the  shakeout  method.  In  another  experiment 
with  the  same  concentration  of  phosphorus,  dilution  to  volume 
with  isobutyl  alcohol  did  not  change  the  position  of  the  two 
maxima,  proving  that  these  are  not  due  to  the  influence  of  ethyl 
alcohol.  The  use  of  isobutyl  alcohol,  however,  intensifies  the 
color  and  decreases  transmission  at  730  ni/u  by  about  7%,  which 
demonstrates  that  the  ratio  of  isobutyl  to  ethyl  alcohol  should  be 
kept  constant  in  the  method. 


Figure  1.  Spectrophotometric  Curves  of  Molyb¬ 
denum  Blue  Complex 

A.  Trichloroacetic  acid  extract  of  peanut  meal,  0.029  mg.  of 

phosphorus.  Curve  set  off  +10  units 

B.  Standard  phosphorus  solution,  0.030  mg.  of  phosphorus 

C.  Trichloroacetic  acid  extract  of  cottonseed  meal,  0.031  mg. 

of  phosphorus.  Curve  set  off  —10  units 

Extraction  of  the  molybdenum  blue  developed  by  the  methods 
of  Fontaine  ( 8 )  and  Gerritz  (9)  with  10  ml.  of  isobutyl  alcohol 
produced  solutions  having  single  maxima  at  780  npu  for  the  Fon¬ 
taine  method  and  at  800  mp  for  the  Gerritz  method.  For  both 
procedures,  the  absorption  maxima  of  the  solutions  prior  to  ex¬ 
traction  with  isobutyl  alcohol  were  at  820  m,u.  The  shape  of  the 
spectrophotometric  curves  for  each  of  the  complexes  extracted 
with  isobutyl  alcohol  was  similar  to  that  of  the  curves  for  the  un¬ 
extracted  complexes. 

That  the  molybdenum  blue  developed  by  the  shakeout  method 
is  very  stable  in  the  mixture  of  isobutyl  and  ethyl  alcohol  was 
shown  when  0.005,  0.025,  and  0.045  mg.  of  phosphorus  were 
carried  through  the  colorimetric  procedure,  placed  in  well- 
stoppered  colorimeter  tubes,  and  read  in  the  Evelyn  colorimeter 


Table  IV.  Inorganic  Phosphorus  Content  of  Various  Plant  Materials 

on  Dry  Basis 


Inorganic  Phosphorus 


Total 

1-hour 

24-hour 

extrac- 

24-hour 

extrac- 

Phos- 

extrac- 

tion  at 

tion  at 

Material 

phorus 

tion 

25°  C. 

5°  C. 

% 

% 

% 

% 

Cottonseed  meal,  diethyl 
ether  extracted 

1.722 

0.085 

0.085 

0.085 

Cottonseed  meal,  Skellysolve 

B  extracted 

1.711 

0.071 

0.073 

0.071 

Peanut  kernels,  Skellysolve  F 
extracted 

0.849 

0.081 

0.082 

0.079 

Raw  cotton  fiber 

0.028 

0.015 

0.015 

0.015 

Sweet  potatoes,  L-5 

0.135 

0.075 

0.076 

0.076 

Jerusalem  artichokes 

0.385 

0.083 

0.085 

0.085 

TJ.  S.  13  corna 

0.282 

0.016 

0.016 

0.016 

Milo® 

0.274 

0.016 

0.018 

0.017 

Federation  wheat® 

0.377 

0.018 

0.019 

0.019 

Kharkof  wheat0 

0.445 

0.017 

Wheat  straw® 

0.165 

0.118 

0 . 122 

0.119 

Soybean  meal,  Skellysolve  F 
extracted* 1 2 3 4 5 6 7 8 9 10 11 

0.750 

0.036 

0.037 

0.036 

Phytin,  crude,  from  peanuts6 

14.31 

0.070 

Phytin,  crude,  from  cotton¬ 
seed6 

13.84 

0.061 

Dialyzed  peanut  protein6 

0.650 

0.014 

Dialyzed  cottonseed  protein6 

1.164 

0.013 

®  From  Northern  "Regional  Research  Laboratory. 
6  Prepared  by  T.  D.  Fontaine. 


(No.  720  filter)  at  once  and  at  intervals  up  to  19  hours.  The  ( 
colors  were  found  to  increase  slowly  up  to  40  minutes  after  de¬ 
velopment,  and  then  remain  constant  for  19  hours.  The  trans¬ 
mission  values  of  unknowns,  checked  from  time  to  time  after  > 
the  solutions  were  allowed  to  stand  overnight,  have  been  found 
to  be  unchanged. 

PRECISION 

Sixteen  determinations  made  on  the  same  sample  of  solvent- 
extracted  peanut  meal  over  a  period  of  several  months  gave  an 
average  value  of  0.0717%  inorganic  phosphorus  with  a  standard 
deviation  of  ±0.0017%.  Twenty-five  determinations  on  another 
sample  gave  an  average  value  of  0.0696%  inorganic  phosphorus 
with  a  standard  deviation  of  ±0.0012%. 

APPLICABILITY 

The  general  applicability  of  the  method  is  illustrated  by  Table 
IV,  where  the  inorganic  phosphorus  content  of  a  number  of  plant 
materials  is  reported.  Total  phosphorus  values  obtained  by  the 
reduced  molybdate  method  of  Gerritz  (5)  are  also  given. 
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Quantitative  Determination  of  Ergosterol,  Cholesterol, 

and  7-Dehydrocholesterol 

Antimony  Trichloride  Method 

FRANCES  W.  LAMB1 2,  ALEXANDER  MUELLER,  and  GEORGE  W.  BEACH 
Gelatin  Products  Corporation,  Detroit,  Mich. 


Methods  for  the  quantitative  determination  of  ergosterol,  cholesterol, 
nd  7-dehydrocholesterol  are  based  upon  the  spectrophotometric 
leasurement  of  the  optical  densities  of  the  characteristic  absorption 
laxima  of  the  reaction  products  resulting  from  the  treatment  of  the 
hloroform  solutions  of  these  sterols  with  an  antimony  trichloride- 
cetyl  chloride  reagent.  The  absorption  spectra  of  the  reaction 
roducts  of  the  three  sterols  are  distinctly  different.  By  this  method 
is  possible  to  differentiate  between  ergosterol  and  7-dehydro- 
holesterol.  This  differentiation  is  not  possible  by  the  direct  ultra- 
iolet  spectrophotometric  method.  A  comparison  has  been  made 
f  results  obtained  by  both  the  direct  spectrophotometric  and  the 
ntimony  trichloride  method  in  the  determination  of  ergosterol  in 
tree  different  types  of  yeast  and  one  mold  extract. 

rHE  most  reliable  method  for  the  quantitative  determination 
of  ergosterol  has  been  the  spectrophotometric  measurement 
f  its  ultraviolet  absorption  spectrum,  with  its  characteristic 
bsorption  maxima  at  wave  lengths  of  262,  271,  281,  and  293 
lillimicrons.  However,  as  shown  both  by  Hogness,  Sidwell, 
nd  Zscheile  ( 6 )  and  Huber,  Ewing,  and  Kriger  (7),  the  ultra- 
iolet  absorption  spectra  of  ergosterol  and  7-dehydrocholesterol 
re  so  nearly  identical  that  it  is  impossible  to  differentiate  be- 
ween  these  two  compounds  spectrophotometrieally.  Accurate 
pectrophotometric  measurements  in  the  ultraviolet  region  re¬ 
tire  that  the  sample  be  highly  purified,  since  numerous  organic 
ompounds  show  either  general  or  specific  absorption  in  this  re¬ 
ion  and  would  thus  contribute  to  the  absorption  measurements, 
furthermore,  a  spectrophotometer  with  ultraviolet  accessories 
deluding  a  satisfactory  ultraviolet  light  source  is  required  for 
he  determination  of  ergosterol  by  this  method.  A  method  re- 
[uiring  less  expensive  equipment  and  less  labor  in  purification  of 
ample  than  required  by  the  direct  ultraviolet  method  is  desir- 
ible. 

I  A  number  of  colorimetric  methods  employing  concentrated 
ulfuric  acid  ( 1 ,  9,  12),  acetic  anhydride  (2,  5,  10,  16),  trichloro- 
icetic  acid  (14),  antimony  trichloride  (5,  8,  18),  and  various  com- 
>inations  of  these  reagents  have  been  reported  in  the  literature 
or  the  determination  of  ergosterol,  7-dehydrocholesterol,  cho- 
esterol,  and  other  sterols.  However,  these  methods  as  reported 
ack  the  desired  specificity  and  sensitivity.  Several  of  these 
nethods  were  investigated  by  making  absorption  measurements 
>f  their  respective  colored  reaction  products  by  means  of  the 
Teckman  quartz  spectrophotometer  Model  DU.  Some  interest- 
ng  observations,  which  were  made  on  two  of  the  above  methods 
ire  reported  here,  since  it  is  thought  they  may  be  of  value  to 
ither  investigators  in  this  field. 

In  repeating  the  work  of  Petersen  and  Harvey  (12)  the  authors 
lave  found  that  the  colored  solution  produced  by  the  treatment 
if  ergosterol  with  90%  sulfuric  acid  has  an  absorption  curve  as 
hown  in  Figure  1  with  two  maxima.  One  maximum  occurs  at  a 
vave  length  of  315  m p  with  an  E^J°n  value  of  approximately  333 
ind  another  at  415  mp  with  an  value  of  approximately 


196.  Spectrophotometric  measurements  show  that  the  ab¬ 
sorption  maxima  of  this  reaction  product  become  stable  50  to 
60  minutes  after  the  addition  of  the  reagent.  These  two  maxima 
seem  to  have  been  overlooked  by  Petersen  and  Harvey,  since 
they  based  their  method  of  determination  upon  a  measurement 
of  the  per  cent  transmission  at  a  wave  length  of  550  m/r.  While 
neither  of  the  two  observed  maxima  is  very  sharp  or  well  defined, 
the  values  are  high  and  if  measurements  were  made  at 

either  of  these  wave  lengths  instead  of  at  550  mji  the  sensitivity 
and  accuracy  of  the  method  might  be  greatly  improved. 

In  a  study  of  the  method  described  by  Goldhammer  and  Kuon 
(4),  spectrophotometric  measurements  were  made  on  the  blue 
colored  reaction  product  produced  by  the  treatment  of  ergosterol 
with  an  antimony  trichloride-acetic  anhydride  reagent  in  ac¬ 
cordance  with  their  method.  Table  I  shows  the  absorption  data 
of  a  chloroform  solution  of  the  ergosterol-antimony  trichloride- 
acetic  anhydride  reaction  product  at  various  time  intervals. 
The  most  prominent  and  stable  maxima  are  the  ones  occurring 
at  a  wave  length  of  680  mp  with  an  E\^m  value  of  43.6  and 
at  390  mp  with  an  value  of  55.0.  The  maximum 

at  390  m/j  was  found  to  be  sharp  and  well  defined  but  the  extinc¬ 
tion  value  is  rather  low  for  analytical  purposes,  and  further  it 
has  not  reached  its  maximum  intensity  at  the  end  of  50  minutes. 
The  680  mp  maximum  is  also  of  low  intensity. 


WAVE  LENGTH  IN  MILLIMICRONS 

Figure  1.  Absorption  Spectrum  of  Ergosterol-Sulfuric 
Acid  Reaction  Product 

The  method  for  the  determination  of  ergosterol  which  has 
proved  most  satisfactory  for  the  authors’  needs  results  from  the 
treatment  of  ergosterol  with  an  antimony  trichloride-acetyl 
chloride  reagent  prepared  according  to  Nield,  Russell,  and  Zim- 
merli  (11).  Upon  treatment  of  a  chloroform  solution  of  pure 
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carbonate.  The  chloroform  stored  in  this  manner  ■ 
is  first  shaken  well  and  then  filtered  just  prior  to 
using.  The  usual  qualitative  tests  for  the  presence 
of  alcohol  and  phosgene  are  made  to  ensure  their 
absence. 

Antimony  Trichloride-Acetyl  Chloride  Re¬ 
agent.  The  antimony  trichloride-acetyl  chloride 
reagent  is  prepared  according  to  the  method  of 
Nield,  Russell,  and  Zimmerli  (11).  This  reagent, 
containing  18  grams  of  antimony  trichloride  and 
3  ml.  of  acetyl  chloride  per  100  ml.  of  chloroform 
(18%  reagent),  is  used  for  the  quantitative  deter¬ 
mination  of  both  ergosterol  and  7-dehydro- 
cholesterol.  For  the  determination  of  cholesterol 
a  reagent  containing  30  grams  of  antimony 
trichloride  and  3  ml.  of  acetyl  chloride  per  100 
ml.  of  chloroform  (30%  reagent)  is  prepared. 
In  determining  cholesterol  the  use  of  the  30% 
reagent  was  found  to  improve  the  reproducibility 
and  sensitivity  of  the  method.  When  pure  dry 
chloroform  and  pure  acetyl  chloride  are  used  very 
little  difficulty  is  encountered  with  the  reagent. 
It  has  been  found  to  remain  uncolored  and  satis¬ 
factory  for  use  when  stored  for  periods  of  1  and  2 
weeks  in  an  amber  bottle  at  room  temperature. 


EXPERIMENTAL  PROCEDURE 


Figure  2.  Absorption  Spectra  of  Sterol-Antimony  Trichloride-Acetyl 
Chloride  Reaction  Products 

1.  7-Dehydrocholesterol-antimony  trichloride-acetyl  chloride  reaction  product. 

Measurements  made  5  to  15  minutes  after  addition  of  reagent 

2.  Ergosterol-antimony  trichloride-acetyl  chloride  reaction  product.  Measurements 

made  5  to  1 5  minutes  after  addition  of  reagent 

3.  Cholesterol-antimony  trichloride-acetyl  chloride  reaction  product.  Measure¬ 

ments  made  1  to  1  5  minutes  after  addition  of  reagent 


ergosterol  with  this  reagent  a  yellow  color  develops,  which  is 
stable  at  the  end  of  2  minutes.  A  reddish-yellow  color  is  ob¬ 
tained  on  ergosterol  samples  which  have  not  been  purified.  A 
chloroform  solution  of  the  colored  compound  was  found  to  have 
an  absorption  spectrum  as  shown  in  curve  2  of  Figure  2  with  a 
prominent  maximum  at  a  wave  length  of  393  m/i  with  an 
El'cm.  value  °f  250  and  two  less  intense  maxima  at  322  and  505 
m,u.  Upon  investigation,  the  maximum  at  393  m/i  has  proved 
to  be  sufficiently  stable,  sensitive,  and  specific  for  use  as  the  basis 
of  a  quantitative  method  for  the  determination  of  ergosterol. 
This  method  has  an  advantage  over  the  direct  ultraviolet  ab¬ 
sorption  method  since  it  differentiates  ergosterol  from  7-dehy- 
drocholesterol.  The  method  has  been  used  satisfactorily  for  the 
determination  of  ergosterol  in  such  materials  as  yeast  and  plant 
extracts  and  various  sterol  mixtures.  With  the  modifications 
described  under  “Absorption  Spectra  of  Other  Sterols”  this 
method  may  also  be  adapted  to  the  quantitative  determination 
of  cholesterol,  7-dehydrocholesterol,  and  other  sterols. 

REAGENTS 

Chloroform.  Merck’s  c.p.  grade  chloroform  is  purified  in 
the  manner  described  by  Ewing  et  al.  (3).  The  purified  chloro¬ 
form  prepared  in  quantities  of  1  liter  has  been  found  to  be  stable 
and  satisfactory  for  use  for  2  weeks  and  longer  when  stored  over 
activated  charcoal  (Merck,  U.S.P.)  and  anhydrous  potassium 


Method.  Solutions  containing  0.005  to  0.05% 
ergosterol  are  prepared  in  purified  chloroform.  To 
1  ml.  of  the  ergosterol  solution  in  a  50-ml.  beaker,  < 
10  ml.  of  the  18%  antimony  trichloride-acetyl 
chloride  reagent  are  added.  The  optical  density 
of  the  absorption  maximum,  which  develops  at 
393  mju,  is  read  on  a  suitable  spectrophotometer 
exactly  5  minutes  after  the  addition  of  the  reagent. 
A  Beckman  DU  quartz  spectrophotometer  with 
10.0-mm.  Corex  absorption  cells  and  incandescent  light  source 
was  used  for  all  spectrophotometric  measurements  reported  in 
this  paper.  The  slit  width  is  maintained  at  0.068  to  0.072  mm. 
when  taking  readings  at  393  m/i.  The  amount  of  ergosterol  pres¬ 
ent  in  the  solution  is  calculated  from  the  E\<^>m_  value  of  250  at  l 
393  m ^  for  pure  ergosterol. 

1 

Purification  of  Ergosterol  and  Determination  of  Its 
Ei^m  Value.  In  the  preceding  paper  the  extinction  coefficients  ■ 
given  at  322,  393,  and  505  m/i  were  the  results  of  measurements  ' 
made  upon  commercial  ergosterol.  Since  the  ultraviolet  absorp¬ 
tion  spectrum  of  this  material  conformed  to  the  data  reported  in 
1937  by  Hogness,  Sidwell,  and  Zscheile  (6)  it  was  considered  to 
be  reasonably  pure  ergosterol.  However,  when  the  ultraviolet 
absorption  data  of  Huber,  Ewing,  and  Kriger  (7)  were  reported, 
it  was  realized  that  the  commercial  samples  of  ergosterol  used  for  , 
these  observations  were  not  100%  pure. 

For  this  study  commercial  ergosterol  was  purified  by  recrys¬ 
tallization  from  acetone  containing  approximately  1%  water. 
In  the  purification  4  to  5  grams  of  ergosterol  were  dissolved  in 
100  ml.  of  pure,  acid-free  acetone  by  heating  on  a  70°  C.  watei 
bath.  Three  to  5  drops  of  distilled  water  were  added  to  the  hot 
solution  with  stirring.  Upon  slowiy  cooling  to  room  tempera¬ 
ture  the  ergosterol  crystallized  from  the  clear  solution  as  fine, 
small  needles.  The  crystals  were  filtered  by  suction  and  a  por¬ 
tion  dried  in  an  Abderhalden  vacuum  dryer  at  60  °  C.  for  1  hour. 
The  greater  part  of  the  crystals  were  redissolved  in  acetone  anc 
recrystallized.  After  each  recrystallization  a  dried  portion  was 
used  for  determination  of  its  melting  point  and  E\%m  values  bj 


Table  I.  Extinction  Coefficients  of  Absorption  Maxima  of 
Ergosterol-Antimony  Trichloride-Acetic  Anhydride  Reaction 
Product  at  Various  Time  Intervals 


Wave  Length, 
Millimicrons 


E 


1% 

1  cm. 


1  to  5  min. 


of  Absorption  Maxima 

15  to  30  min.  30  to  40  min. 


390 

520 

580 

680 


4.1  34.0 

23.0  No  max. 

No  max.  24.0 

20.0  43.6 


55.0 
No  max. 
No  max. 
43.6 


the  ultraviolet  absorption  and  antimony  trichloride  methods 
The  data  obtained  are  given  in  Table  II. 

These  physical  constants  show  an  increase  in  purity  of  th< 
ergosterol  upon  successive  recrystallizations.  For  the  eighth 
ninth,  and  tenth  recrystallizations  the  melting  point  remainec 
constant  and  the  ultraviolet  and  antimony  trichloride  value; 
were  constant  within  the  limits  of  error  for  individual  determina 
tions.  These  findings  are  contrary  to  the  statement  of  Hube: 
et  al.  (7);  “The  highest  values  are  obtained  by  recrystallizinf 
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able  II.  Physical  Constant  Data  for  Ergosterol  Following  Successive 
Recrystallizations 


E  (1%,  1  cm.)&  Values  at  Following  X 


Melting 

Point®, 

Ultraviolet 

SbCla 

271 

282 

293 

322 

393 

505 

Sample 

°  c. 

m/x 

m/x 

m/x 

m  /x 

m/x 

m/x 

is  received 

155-164 

242.8 

255.3 

148.2 

66.7 

212.1 

33.3 

ecrystallization 

1 

162-165 

269.3 

285.2 

162.3 

69.1 

239.8 

20.3 

2 

164-166 

269.7 

284.1 

161.8 

61.3 

241.3 

17.8 

3 

164-166.5 

270.4 

285.9 

161.4 

59.9 

246.1 

14.9 

4 

164-166.5 

276.0 

291.6 

163.1 

59.2 

248.2 

11.4 

5 

164-166.5 

275.0 

288.1 

165.4 

61.3 

245.3 

10.2 

6 

164.5-167 

274.5 

288.3 

163.6 

70.0 

252.0 

13.2 

7 

165-167 

276.7 

289.6 

167. 1 

64.9 

249.7 

12.1 

8 

166-167 

276.1 

289.1 

164.9 

63.6 

250.4 

13.1 

9 

166-167 

275.5 

287.6 

164.2 

60.2 

249.0 

13.6 

10 

166-167 

276.9 

290.8 

166.5 

63.5 

252.2 

13.1 

°  Melting  points  obtained  with  Anschutz  thermometer  and  sealed  melting 


6  Data  represent  single  trials  and  consequently  do  not  conform  with 
rerage  values  presented  in  Table  III. 


density  readings  become  steady  after  the  addition  of  the  reagent 
and  remain  constant  for  6  minutes.  For  this  reason  the  procedure 
standardized  upon  in  the  method  for  determining  ergosterol  has 
been  to  make  the  spectrophotometric  measurements  exactly  5 
minutes  after  the  addition  of  the  antimony  trichloride-acetyl 
chloride  reagent. 

Effect  of  Temperature.  Ergosterol  determinations  were 
made  at  20°,  25.5°,  and  30°  C,  which  cover  the  range  of  ordinary 
laboratory  temperatures.  The  results  obtained  showed  no  meas¬ 
urable  variation. 

Effect  of  Solvent  Purity.  The  reproducibility  of  the  re¬ 
action  between  ergosterol  and  the  antimony  trichloride  reagent 
as  determined  by  spectrophotometric  measurements  is  very 
sensitive  to  the  presence  of  traces  of  moisture  and  polar  solvents, 
which  if  present  may  cause  the  results  to  vary  as  much  as  10%. 
To  ensure  reproducible  results  the  reagents  must  be  carefully 
purified  and  the  sample  dried  in  a  stream  of  warm  carbon  dioxide 


nee  only  the  commercially  available  material”.  This  divergence 
i  results  is  undoubtedly  due  to  the  difference  in  solvents,  since 
lese  authors  recrystallized  their  ergosterol  from  a  benzene- 
thanol  solvent.  From  Table  II  it  is  noted  that  as  the  ergosterol 
:  purified  the  antimony  tricholoride  maximum  at  505  mq  de- 
reases  and  the  maximum  at  393  nip  increases,  while  the  maxi- 
mm  at  322  mp  fluctuates  although  it  shows  a  somewhat  lower 
alue  upon  purification. 

Over  twenty  individual  determinations  of  the  E values 
t  the  322,  393,  and  505  mjj  maxima  were  made  on  the  purified 
rgosterol  by  the  antimony  trichloride  method.  The  average 

value  was  found  to  be  62.9  at  322  mp,  250.02  at  393  mp, 
A  ^  *  .  .  1% 
nd  12.4  at  505  m p.  The  individual  determinations  of  the  Ex  Cm. 

alues  at  393  mp  showed  a  maximum  deviation  of  =*=2.0%  from 

ae  average.  For  optical  density  (log  h/I)  readings 

f  0.20  to  1.00,  the  ergosterol-antimony  trichloride- 

cetyl  chloride  reaction  product  was  found  to  obey 

leer’s  law. 

Time  Rate  of  the  Reaction.  The  absorption 

laximum  of  the  ergosterol-antimony  trichloride-acetyl 

hloride  reaction  product  at  393  mq.  reaches  its  maxi- 

mm  intensity  in  a  little  less  than  2  minutes  after  the 

ddition  of  the  reagent  and  remains  stable  for  6  to  7 

finutes.  The  rate  of  the  reaction  is  shown  graphically 

i  curve  1  of  Figure  3,  in  which  the  optical  density  (log 

(//)  at  393  mq  is  plotted  against  time.  The  optical 

' 


1.  Optical  density  measurements  with  time  of 

absorption  maximum  at  393  mq  of  ergos¬ 
terol  reaction  product.  Concentration  ° 

of  ergosterol  0.002072% 

2.  Optical  density  measurements  with  time  of  q 

absorption  maximum  at  322  mq  of  7-de-  _i 

hydrocholesterol  reaction  product. 

Concentration  of  7-dehydrocholesterol 
0.001875% 

3.  Optical  density  measurements  with  time  of 

absorption  maximum  at  320  mq  of  choles¬ 
terol  reaction  product.  Concentration  of 
cholesterol  0.0069% 

4.  Same  as  3  except  for  absorption  maximum 

at  360  mq  of  cholesterol  reaction  prod  uct 

5.  Same  as  3  except  for  absorption  maximum 

at  420  mq  of  cholesterol  reaction  product 

6.  Same  as  3  except  for  absorption  maximum 

at  500  mq  of  cholesterol  reaction  product 


(80°  to  90°  C.). 

Absorption  Spectra  of  Other  Sterols.  Figure  2  shows  the 
absorption  spectra  of  the  antimony  trichloride-acetyl  chloride 
reaction  product  with  ergosterol,  cholesterol,  and  7-dehydro- 
cholesterol,  using  the  18%  reagent.  All  measurements  were 
made  during  the  1-  to  15-minute  period  following  the  addition  of 
the  antimony  trichloride  reagent.  From  these  curves  it  is  seen 
that  the  reaction  products  of  7-dehydrocholesterol  and  ergosterol 
have  absorption  spectra  which  are  distinctly  different,  making  it 
possible  to  differentiate  the  two  clearly  and  also  to  determine 
them  individually  in  the  presence  of  each  other.  Except  for  the 
method  recently  reported  by  Sobel,  Mayer,  and  Kramer  (15) 
for  the  differentiation  of  ergosterol  and  7-dehydrocholesterol 
by  treating  the  sterols  with  glycerol  dichlorohydrin  in  the  pres¬ 
ence  of  acetyl  chloride,  this  is  the  only  method  known  to  the 
authors  for  the  differentiation  and  determination  of  ergosterol 


TIME  IN  MINUTES 


Figure  3.  Time  Reaction  Curves 


190 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  18,  No.  • 


and  7-dehydrocholesterol,  when  present  together.  The  absorp¬ 
tion  curve  for  cholesterol  is  of  relatively  low  intensity.  Conse¬ 
quently  the  presence  of  cholesterol  would  not  interfere  appreciably 
with  the  determination  of  either  ergosterol  or  7-dehydro- 
cholesterol.  The  four  absorption  maxima  of  the  cholesterol  re¬ 
action  product  develop  much  more  slowly  and  irregularly  than 
the  maxima  for  ergosterol  and  7-dehydrocholesterol. 

Figure  3  shows  the  time  rate  of  the  development  of  the  various 
absorption  maxima  of  the  cholesterol,  ergosterol,  and  7-dehy- 
drocholesterol  reaction  products,  using  the  18%  antimony  tri¬ 
chloride  reagent.  In  the  case  of  ergosterol  the  absorption  maxi¬ 
mum  at  393  m/i  is  stable  during  2  to  8  minutes  after  the  addition 
■of  the  reagent,  and  in  the  case  of  7-dehydrocholesterol  the  ab¬ 
sorption  maximum  at  322  m/x  is  stable  during  6  to  15  minutes 
after  addition  of  the  reagent.  The  maximum  for  cholesterol  at 
360  m/i  develops  strongly  during  the  first  20  to  25  minutes  and 
then  decreases  in  intensity.  Of  the  four  maxima,  the  one  at  360 
m/i  was  found  to  be  the  most  satisfactory  for  the  determination 
■of  cholesterol  from  the  standpoint  of  sensitivity,  reproducibility, 
time  for  development  of  maximum  intensity,  and  adherence  to 
Beer’s  law.  The  results  obtained  with  the  420,  500,  and  320  m/i 
maxima  show  considerable  variation  and  the  reproducibility 
is  poor,  with  either  the  18%  or  30%  reagent.  A  summary  of  the 
•absorption  maxima,  corresponding  E\°^m_  values,  optimum 
■concentration  range,  and  time  for  development  of  stable  absorp¬ 
tion  maxima  for  the  three  _sterol  antimony  trichloride-acetyl 
chloride  reaction  products  is  given  in  Table  III.  The  data  for 
■cholesterol  with  both  the  30%  and  18%  reagents  are  given. 


Table  III.  Absorption  Data  for  Ergosterol,  Cholesterol,  and  7-Dehy- 
drocholesterol-Antimony  Trichloride-Acetyl  Chloride  Reaction 

Products 


X  of 

Maximum 

E\% 

1  cm. 

Range  of 
Optimum 
Concentration 

Readini 

Sterol 

mxt 

(Final) 

Time® 

Ergosterol 

322 

62.9 

% 

Min. 

393 

250.0 

0 . 0005-0 . 005 

'  5 

505 

12.4 

7-Dehydro- 

322 

320.0 

0.0003-0.003 

8 

cholesterol 

390 

10.0 

510 

6.7 

■Cholesterol 

320 

111.7 

90 

(with  18% 

360 

99.9 

O.OOl'  bo. 010 

25 

reagent) 

420 

63.9 

40 

500 

87.5 

120 

Cholesterol 

320 

125.9 

90 

(with  30% 

360 

168.8 

0 . 0006-0 . 006 

20 

reagent) 

420 

53.8 

40 

500 

40.3 

120 

a  Time  at  which  optical  density  readings  were  taken  for  calculation  of 

1  07 

E  j  values  recorded  in  column  3.  With  exception  of  120-minute  readings 

‘for  cholesterol  at  500  m/x,  times  stated  are  those  for  development  of  maximum 
optical  density  readings  at  various  absorption  maxima. 


By  rewording  the  method  as  written  for  ergosterol  under 
“Experimental  Procedure”  so  as  to  read  “solution  containing 
0.003  to  0.03%  7-dehydrocholesterol”,  and  by  taking  the  optical 
density  readings  at  322  m/x  exactly  8  minutes  after  the  addition 
•of  the  reagent,  the  method  may  be  used  for  the  determination  of 
7-dehydrocholesterol.  The  amount  of  7-dehydrocholesterol 
present  in  the  solution  is  calculated  from  the  E\%m  value  of 
320.0  at  322  m/x  for  pure  7-dehydrocholesterol.  The  ultraviolet 
absorption  spectrum  indicated  the  7-dehydrocholesterol  used  in 
this  work  to  be  100%  pure. 

The  reproducibility  of  results  and  adherence  to  Beer’s  law 
were  found  to  be  very  satisfactory.  The  same  precautions  ob¬ 
served  with  the  antimony  trichloride  reagent  for  the  ergosterol 
determination  should  also  be  observed  for  the  7-dehydrocho¬ 
lesterol  and  cholesterol  determinations.  Further  discussion  of 
this  method  and  its  application  to  the  determination  of  7-dehy¬ 
drocholesterol  will  be  given  by  the  authors  in  a  later  paper. 


Table  IV.  Comparison  of  Ergosterol  Determinations  in  Yeast  an< 


Mold  1 

Extracts  by  Direct  Spectrophotometric  and 
Trichloride  Methods 

Calculated  from  Spectrophotometric 
Measurements 

Antimony 

Antimony 

Trichloride 

Sample 

271  m/i 

282  mM  293  mix 

Milligramt  p tr  gram 

Method 

Yeast  1 

1.17 

1.05  1.24 

1.03 

Yeast  2 

2.78 

2.63  2.87 

2.29 

Yeast  3 

2.94 

2.79  3.06 

52.41 

Mold  1 

6.18 

6.12  8.37 

4.80 

For  the  determination  of  cholesterol,  it  was  found  preferablr 
to  use  a  reagent  containing  30  grams  of  antimony  trichloride  anc 
3  ml.  of  acetyl  chloride  per  100  ml.  of  chloroform.  In  deter 
mining  cholesterol,  10  ml.  of  the  30%  reagent  are  added  to  1  ml 
of  a  chloroform  solution  containing  0.006  to  0.06%  cholesterol 
The  optical  density  reading  at  360  m/i  is  taken  at  its  maximun 
value,  which  is  reached  during  the  20-  to  25-minute  period  follow¬ 
ing  the  addition  of  the  reagent.  The  amount  of  cholesterol  if 
calculated  from  the  E\%m.  value  at  360  m/i  for  pure  cholesterol 
The  average  E\°^m_  value  for  pure  cholesterol  at  360  m/i  waf 
found  to  be  168.8  with  a  maximum  deviation  of  ±  5.0%. 

DISCUSSION 

The  antimony  trichloride  method  here  described  has  beei 
applied  to  the  determination  of  ergosterol  in  one  plant  and  thre( 
yeast  extracts.  The  ultraviolet  absorption  data  were  also  ob 
tained.  A  comparison  of  the  results  by  the  two  methods  is  tab 
ulated  in  Table  IV.  In  each  case  the  results  by  the  antimon} 
trichloride  method  are  lower  than  those  obtained  by  a  direci 
measurement  of  the  ultraviolet  absorption  spectrum.  This  maj 
be  attributed  to  the  fact  that  the  direct  spectrophotometry 
method  is  more  liable  to  high  results  due  to  the  presence  of  im¬ 
purities.  The  variation  in  per  cent  concentration  of  ergostero 
calculated  at  the  maxima  271,  282,  and  293  m/i  also  indicates  th< 
presence  of  impurities.  It  is  likely  that  the  interfering  sub 
stances  are  contributing  to  the  measured  density  values. 

A  thorough  investigation  of  the  application  of  the  antimony 
trichloride  method  to  natural  materials  has  not  yet  been  made 
however,  the  few  results  presented  in  Table  IV  are  indicative  o 
its  possibilities.  In  determining  the  amount  of  ergosterol  ii 
impure  samples  these  data  indicate  the  advisability  of  supple 
menting  the  ultraviolet  absorption  measurements  with  the  an 
timony  trichloride  values  in  order  to  make  a  more  complete  eval 
uation  of  the  sample. 
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New  Method  for  Determination  of  Manganese 

JAMES  J.  LINGANE  and  ROBERT  KARPLUS 
Mallinckrodt  Chemical  Laboratory,  Harvard  University,  Cambridge  38,  Mass. 


A  new  method  for  determination  of  manganese  is  based  on  the  po- 
tentiometric  titration  of  manganous  ion  with  permanganate  ion  in 
neutral  pyrophosphate  solution.  The  method  is  applicable  without 
any  separations  to  a  wide  variety  of  manganiferous  metallurgical 
products,  and  it  yields  very  accurate  results. 

THIS  paper  presents  a  new  method  for  the  determination  of 
manganese  based  on  the  titration  of  manganous  ion  with 
permanganate  ion  in  neutral  pyrophosphate  solution,  the  +2 
manganese  being  oxidized,  and  the  permanganate  ion  reduced,  to 
a  pyrophosphate  complex  of  the  +3  state.  The  stoichiometry 
of  the  reaction  may  be  represented  by 

4  Mnf  f  +  Mn04~  +  8  H+  +  15  H2P,07—  = 

5  Mn(H2P207),—  +  4  H20  (1) 

Since  the  intense  reddish  violet  color  of  the  pyrophosphate 
complex  of  +3  manganese  precludes  the  use  of  a  color  indicator, 
the  titration  is  performed  potentiometrically. 

In  solutions  of  the  proper  pH  the  titration  reaction  is  stoichio- 
metrically  exact,  and  hence  the  titrant  permanganate  solution 
can  be  standardized  by  any  of  the  usual  procedures.  The  method 
is  at  least  as  accurate,  and  even  less  subject  to  interferences,  then 
the  bismuthate  method,  which  is  generally  conceded  to  be  the 
most  reliable  of  existing  methods  for  manganese  ( 1 ,  8,  4,  0,  7,  8). 
In  particular,  even  large  amounts  of  chloride,  cobalt,  and  chro¬ 
mium  do  not  interfere  with  the  present  method  as  they  do  in  most 
other  procedures,  including  the  bismuthate  method.  Practically 
all  other  elements  commonly  associated  with  manganese,  such  as 
iron,  nickel,  copper,  molybdenum,  tungsten,  and  uranium,  are 
‘  also  innocuous.  The  method  has  been  applied  successfully,  with¬ 
out  any  preliminary  separations,  to  a  wide  variety  of  manganif¬ 
erous  materials,  including  pyrolusite  ore,  ferromanganese, 
spiegeleisen,  copper-base  alloys,  and  alloy  steels,  with  an  ac- 
i  curacy  equal  to  that  obtainable  by  the  bismuthate  method.  In 
spite  of  the  fact  that  the  titration  is  performed  potentiometrically, 
the  time  required  for  an  analysis  by  the  present  method  is  no 
:  greater  than  in  the  bismuthate  method,  because  no  filtrations 
:  are  involved. 

The  development  of  the  present  method  was  facilitated  by 
information  gleaned  from  the  recent  excellent  studies  by  Watters 
and  Kolthoff  ( 9 ,  10)  of  the  properties  of  the  pyrophosphate  com¬ 
plexes  of  +3  manganese.  These  authors  developed  polarographic 
and  amperometric  titration  procedures  for  the  determination  of 
manganese  after  oxidation  to  the  +3  manganese  pyrophosphate 
\  complex  by  excess  lead  dioxide.  Watters  ( 9 )  also  described  a 
volumetric  method  based  on  oxidation  with  lead  dioxide,  re¬ 
moval  of  the  excess  of  the  latter  by  filtration,  and  subsequent 
titration  of  the  +3  complex  with  standard  ferrous  solution  with 
diphenylbenzidine  indicator.  These  methods  are  subject  to 
interference  by  chloride  ion,  chromium,  vanadium,  and  other 
elements  which  are  oxidized  by  lead  dioxide. 

GENERAL  EXPERIMENTAL  TECHNIQUE 

Standard  solutions  of  manganous  ion  in  dilute  sulfuric  acid 
were  prepared  in  two  ways;  some  were  prepared  from  manga¬ 
nous  oxalate  dihydrate,  which  had  been  synthesized  from  re¬ 
crystallized  potassium  permanganate  and  oxalic  acid  by  the 
method  of  Coltman  (2)  and  air-dried,  and  others  were  prepared 
from  Bureau  of  Standards  manganese  ore  No.  25b.  Weighed  por¬ 
tions  of  the  manganous  oxalate  dihydrate  were  decomposed  by 
digestion  with  concentrated  sulfuric  acid  in  a  Kjeldahl  flask,  and 
diluted  to  volume  in  calibrated  volumetric  flasks.  The  purity  of 
-the  salt  was  checked  by  determining  its  oxalate  content  by  the 


usual  permanganimetric  procedure,  with  a  permanganate  solu¬ 
tion  that  had  been  standardized  against  sodium  oxalate  under 
exactly  the  same  conditions.  The  average  percentage  of  oxalate 
ion  found  in  ten  determinations  was  49.21  ±  0.06,  which  agrees 
to  within  1  part  per  1000  with  the  theoretical  value  49. 17.  Stand¬ 
ard  solutions  were  prepared  from  the  manganese  ore  by  de¬ 
composing  weighed  samples  (dried  at  120°  C.)  in  a  mixture  of 
hydrochloric  and  sulfuric  acids  in  a  Kjeldahl  flask,  boiling  down 
to  fumes  of  sulfur  trioxide,  and  finally  diluting  to  volume. 

Standard  0.02  molar  potassium  permanganate  solutions  were 
prepared  and  standardized  against  pure  sodium  oxalate  by  the 
usual  procedure  {4,  6).  Some  of  the  solutions  were  also  standard¬ 
ized  against  anhydrous  potassium  ferrocyanide  by  potentiometric 
titration  in  2  N  sulfuric  acid  at  room  temperature  according  to  the 
method  described  by  Kolthoff  (5).  The  potassium  ferrocyanide 
had  been  recrystallized  twice  and  dehydrated  by  heating  to  con¬ 
stant  weight  at  110°  C.  The  titer  obtained  with  potassium  ferro¬ 
cyanide  agreed  very  well  with  that  obtained  with  sodium  oxalate; 
in  a  typical  case  a  solution  was  found  to  be  0.01857  molar  against 
sodium  oxalate  and  0.01858  molar  against  potassium  ferrocyanide. 
Standard  0.002  molar  permanganate  solutions  were  prepared  by 
appropriate  dilution  of  the  0.02  molar  solutions  with  high-quality 
distilled  water;  these  dilute  solutions  were  prepared  immediately 
before  use.  In  the  titration  of  manganese  by  the  procedure  de¬ 
scribed  herein  the  permanganate  ion  undergoes  only  a  4-electron 
reduction  to  the  +3  state,  and  hence  a  0.02  molar  solution  is 
0.08  N,  and  1  cc.  corresponds  to  4.394  mg.  of  manganese. 

Weights  and  volumetric  equipment  were  calibrated  with  care, 
and  temperature  corrections  were  applied  in  measuring  the  solu¬ 
tions. 

All  reagents  were  of  analytical  reagent  quality.  Sodium  pyro¬ 
phosphate  (Na4P207. 10H2O)  was  used  in  the  form  of  freshly 
prepared  solutions  saturated  at  room  temperature  (ca.  12  grams 
per  100  cc.  or  0.3  M).  Although  the  hydrolysis  of  the  pyro¬ 
phosphate  ion  is  slow  in  cold  neutral  or  alkaline  solutions  (11), 
it  is  advisable  not  to  use  solutions  that  are  more  than  2  or  3  weeks 
old.  Samples  of  sodium  pyrophosphate  (analytical  reagent 
grade)  from  three  different  manufacturers  were  used,  and  most 
of  them  were  satisfactory.  However,  with  some  of  the  samples 
erratic  potentials  were  observed  during  the  titrations  of  manga¬ 
nese  under  the  conditions  hereinafter  described,  and  0.2  to  0.3  cc. 
too  much  0.02  molar  permanganate  was  used.  This  atypical 
behavior  was  apparently  caused  by  some  impurity  in  the  samples, 
because  it  disappeared  when  the  salt  was  recrystallized.  Hence, 
it  is  advisable  to  test  each  new  lot  of  salt  by  using  it  in  the  titra¬ 
tion  of  a  known  amount  of  manganese,  and  if  steady  potentials 
are  not  established  rapidly  (as  is  typical  of  this  titration)  the  salt 
should  be  recrystallized. 

All  reagents  used  must  be  completely  free  from  reducing  sub¬ 
stances.  In  particular  the  dilute  sodium  hydroxide  solution  (ca. 
5  N)  which  may  be  required  to  adjust  the  pH  of  the  solutions  prior 
to  titration  should  be  tested  by  adding  a  drop  of  0.02  molar  per¬ 
manganate  to  a  10-cc.  sample.  No  green  color  due  to  manganate 
ion  should  develop.  It  is  advisable  to  prepare  the  sodium  hy¬ 
droxide  solution  freshly  as  needed;  solutions  which  have  stood 
in  rubber-stoppered  bottles  invariably  become  contaminated  by 
reducing  substances,  and  these  cause  erratic  potential  readings 
during  the  titration  and  consume  permanganate. 

The  titrations  were  performed  in  ordinary  beakers,  with  the 
solutions  stirred  by  a  motor-driven  glass  stirrer.  Bright  platinum 
indicator  electrodes  were  used  in  combination  with  a  saturated 
calomel  reference  electrode.  The  e.m.f.  was  measured  with  an 
ordinary  potentiometer  in  most  of  the  titrations.  Since  the 
potential  break  at  the  end  point  is  very  large,  simple  potentio¬ 
metric  equipment,  reading  to  a  few  millivolts,  suffices.  A  num¬ 
ber  of  titrations  were  made  rapidly  and  accurately  with  a  simple 
high-resistance  voltmeter,  consisting  of  a  Rubicon  box-type 
galvanometer  in  series  with  a  300,000-ohm  resistance  and  a  tap¬ 
ping  key;  this  instrument  had  a  range  of  1  volt  and  permitted 
readings  to  ±0.01  volt. 

CHARACTERISTICS  OF  THE  TITRATION 

Typical  potentiometric  titration  curves  of  +2  manganese  with 
permanganate  in  pyrophosphate  solutions  of  various  pH  values 
are  shown  in  Figure  1.  In  all  cases  the  amount  of  manganese 
titrated  was  83.6  mg.  (1.522  millimoles)  as  manganous  sulfate, 
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the  initial  volume  was  180  cc.,  and  the  total  concentration  of 
sodium  pyrophosphate  was  approximately  0.27  M.  The  pH 
was  adjusted  by  addition  of  dilute  sulfuric  acid  or  sodium  hy¬ 
droxide,  and  measured  with  a  glass  electrode.  The  titrations  were 
made  at  room  temperature.  Air  was  removed  from  the  solu¬ 
tions  with  nitrogen  because  it  was  thought  that  some  air  oxidation 
of  the  manganese  might  occur,  but  later  it  was  established  that 
no  appreciable  air  oxidation  takes  place  if  the  pH  of  the  solution 
is  8  or  smaller;  titration  curves  obtained  in  the  presence  of  air 
are  identical  in  all  respects  with  those  obtained  in  a  nitrogen 
atmosphere. 

Although  the  titration  can  be  performed  successfully  at  all  pH 
values  between  about  1  and  8,  the  potential  break  at  the  equiva¬ 
lence  point  is  maximal  when  the  pH  is  between  6  and  7.  When 
the  pH  is  decreased  below  about  6  the  magnitude  of  the  potential 
break  decreases  markedly,  and  at  pH  values  above  about  8  no 
break  at  all  is  observed  at  the  point  corresponding  to  oxidation 
of  the  manganese  to  the  +3  state.  At  all  pH  values  below  8  in 
these  titrations  the  end  point  determined  from  the  maximum 
of  AE/  AV  was  at  20.50  =•=  0.02  cc.,  which  agrees  exactly  with  the 
theoretical  volume  of  0.01857  molar  permanganate  required  to 
oxidize  1.522  millimoles  of  manganese  to  the  +3  state. 

The  diminishing  potential  break  with  decreasing  pH  results 
from  the  fact  that  the  potential  of  the  manganous-manganic 
couple  increases  more  rapidly  than  that  of  the  permanganate- 
manganic  couple  with  decreasing  pH.  The  large  effect  of  pH  on 
the  potential  of  the  manganous-manganic  couple  in  these  solu¬ 
tions  reflects  a  change  in  the  predominating  species  of  pyro¬ 
phosphate  ion,  and  hence  in  the  manganese  complex  ions,  with 
changing  pH.  From  the  dissociation  constants  of  pyrophosphoric 
acid  (1.4  X  10~\  1.1  X  lO'2,  2.1  X  10-7,  and  4.0  X  10-10),  the 
predominant  species  is  H2P2O7--  at  a  pH  between  2.0  and  6.7, 
HP2O7  between  pH  6.7  and  9.4,  and  P207  above  pH 
9.4.  Watters  and  Kolthoff  ( 9 ,  10)  have  presented  evidence  that 
the  manganic  complex  has  the  formula  Mn(H2P207)3  “  at  a  pH 

between  about  2  and  5,  but  at  a  pH  between  6  and  8  the  complex 
probably  contains  the  mono-  rather  than  the  dihydrogen  pyro¬ 
phosphate  ion. 

At  a  pH  much  above  8  the  pyrophosphate  complex  of  +3 
manganese  is  unstable  and  disproportionates  into  hydrous  man¬ 
ganese  dioxide  and  +2  manganese.  This  disproportionation  is 
reversible;  when  a  solution  which  has  been  titrated  to  the 
equivalence  point  at  a  pH  between  6  and  7  is  made  strongly 
alkaline  with  sodium  hydroxide  hydrous  manganese  dioxide 
precipitates,  but  when  the  mixture  is  acidified  the  precipitate 
dissolves  and  the  solution  again  assumes  the  characteristic 
reddish  violet  color  of  the  +3  manganese  complex. 

The  effect  of  pH  on  the  standard  potential  of  the  manganous- 
manganic  couple  in  pyrophosphate  solutions  of  pH  0  to  9  has 
been  studied  by  Watters  ( 9 ) ,  and  the  sections  of  the  curves  before 
the  equivalence  points  in  Figure  1  agree  with  what  one  would 
predict  from  his  data.  No  previous  data  are  available  for  the 
potential  of  the  permanganate-manganic  couple  in  pyrophosphate 
solutions  as  a  function  of  pH;  the  curves  in  Figure  1  indicate  that 
the  standard  potential  of  this  couple  is  in  the  neighborhood  of 
1.25  volts  vs.  the  saturated  calomel  electrode  at  pH  =  0,  and 
hence  very  close  to  the  potential  of  the  permanganate-manganous 
ion  couple. 

The  optimum  pH  for  the  titration  is  between  6  and  7.  In 
practice,  a  25-  or  50-cc.  sample  of  the  acidic  manganese  solution 
to  be  analyzed  is  added  to  150  to  300  cc.  of  saturated  sodium 
pyrophosphate  solution  (ca.  0.3  M),  and  the  pH  is  adjusted  to  a 
value  between  6  and  7  by  addition  of  either  dilute  sulfuric  acid 
or  sodium  hydroxide.  If  the  solution  is  colorless,  or  nearly  so, 
the  proper  pH  is  easily  attained  by  adding  bromothymol  blue  or 
chlorophenol  red  indicator  and  neutralizing  to  the  intermediate 
yellowish  green  of  the  former  or  to  an  orange  with  the  latter. 
With  highly  colored  solutions,  such  as  those  encountered  in  the 
analysis  of  nickel  or  chromium  steels,  the  pH  adjustment  is  con¬ 


veniently  made  with  the  aid  of  indicator  test  papers.  Since  the 
solution  is  well  buffered  the  pH  adjustment  is  easily  accomplished. 

In  titrations  at  a  pH  of  6  to  7  the  potential  of  the  platinum 
indicator  electrode  becomes  constant  quickly  after  each  addition 
of  permanganate  solution,  and  a  complete  titration  can  be  per¬ 
formed  in  15  to  20  minutes.  Since  steady  potential  readings  are 
attained  quickly,  the  technique  of  titrating  directly  to  the  equiva¬ 
lence  point  potential  can  be  applied  advantageously  with  a 
consequent  shortening  of  the  titration  time  to  10  minutes  or 
less.  With  relatively  pure  manganese  solutions,  and  a  concen¬ 
tration  of  sodium  pyrophosphate  between  0.2  and  0.3  M,  the 
equivalence  point  potential  at  a  pH  between  6  and  7  is  +0.47  =*= 
0.02  volt  vs.  the  saturated  calomel  electrode.  In  the  presence  of 
very  large  amounts  of  other  metals  a  slightly  lower  value  is  usually 
found. 

At  a  pH  of  6  to  7  the  magnitude  of  the  potential  change  at  the 
equivalence  point — i.e.,  the  maximal  value  of  AE/  AV — is  be¬ 
tween  100  and  200  mv.  per  0.1  cc.  of  permanganate  solution,  and 
it  is  virtually  independent  of  the  amount  of  manganese  titrated, 
the  concentration  of  the  permanganate  solution,  and  the  volume 
of  the  solution.  This  is  the  expected  behavior  for  a  homogeneous 
titration  reaction. 

The  effect  of  the  concentration  of  pyrophosphate  was  studied 
by  titrating  100  mg.  of  manganese  at  a  pH  of  6  in  various  con¬ 
centrations  of  sodium  pyrophosphate  from  0.04  to  0.3  M  in  a 
.volume  of  250  cc.  The  titration  curves  obtained  with  concentra¬ 
tions  of  sodium  pyrophosphate  between  0.15  and  0.3  M  displayed 
virtually  identical  characteristics.  With  0.04  M  sodium  pyro¬ 
phosphate  the  potentials  at  all  points  in  the  titration  w'ere  0.05 
to  0.1  volt  more  positive,  and  the  potential  break  at  the  equiva¬ 
lence  point  was  somewhat  smaller  (120  instead  of  180  mv.  per 
0.1  cc.)  than  with  the  larger  concentrations  of  pyrophosphate. 
With  100  mg.  of  manganese  in  250  cc.  a  white  precipitate  of 
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nanganous  pyrophosphate  forms  if  the  concentration  of  sodium 
pyrophosphate  is  smaller  than  about  0.2  M.  This  precipitate 
iissolves  completely  before  the  equivalence  point  is  reached, 
md  it  does  not  interfere  with  the  titration. 

A  small  blank  correction  was  found  with  some  samples  of 
sodium  pyrophosphate.  This  was  determined  by  titrating  200-cc. 
samples  of  saturated  sodium  pyrophosphate  alone  with  0.002 
molar  permanganate  after  adjusting  the  pH  to  6  with  dilute 
sulfuric  acid.  In  some  cases  the  potential  jumped  sharply  from 
about  +0.2  to  above  +0.45  volt  after  adding  only  one  drop  of 
the  0.002  molar  permanganate  solution,  indicating  a  negligibly 
small  blank.  With  other  samples  of  sodium  pyrophosphate  0.10 
to  0.15  cc.  of  0.002  molar  permanganate  were  required  to  obtain 
the  characteristic  potential  break.  Since  at  worst  the  blank 
amounts  to  only  about  0.05  mg.  of  manganese,  and  usually  is 
considerably  less,  it  is  small  enough  to  be  neglected  when  the 
amount  of  manganese  titrated  is  greater  than  about  50  mg.  With 
smaller  amounts  of  manganese  the  appropriate  correction  should 
be  applied. 

The  titration  has  been  applied  to  amounts  of  manganese  from 
a  few  milligrams  up  to  200  mg.  in  a  volume  of  150  to  500  cc. 
With  relatively  pure  manganese  solutions  the  accuracy  of  the 
titration  appears  to  be  limited  only  by  the  accuracy  of  the  volu¬ 
metric  measurements. 

STOICHIOMETRIC AL  EXACTNESS  OF  THE  TITRATION  REACTION 

The  exactness  of  the  stoichiometry  of  the  titration  reaction  was 
verified  without  reference  to  any  standard  substance  in  the  fol¬ 
lowing  manner: 

Samples  of  about  100  grams  of  a  0.02  molar  permanganate 
solution  were  weighed,  transferred  to  a  Kjeldahl  flask,  acidified 
with  15  cc.  of  4  A  sulfuric  acid,  and  reduced  to  manganous  ion  by 
dropwise  addition  of  a  fresh  saturated  solution  of  sodium  sulfite. 
The  slight  excess  of  sulfur  dioxide  was  expelled  by  boiling,  after 
which  the  solution  was  cooled,  transferred  to  the  titration  beaker, 
diluted  to  about  250  cc.,  and  treated  with  25  grams  of  recrys¬ 
tallized  sodium  pyrophosphate.  The  pH  of  the  resulting  solu¬ 
tion  was  approximately  6.  A  sample  of  the  original  permanga¬ 
nate  solution,  0.2  to  0.5%  smaller  than  the  theoretical  one  fourth 
of  the  sample  that  was  reduced,  was  weighed  and  added  to  the 
solution.  The  titrations  were  finally  completed  with  a  very 
dilute  permanganate  solution  (25  grams  of  the  original  solution 
diluted  to  1  liter)  from  an  ordinary  buret. 

The  results  of  four  such  experiments  are  shown  in  Table  I. 
The  average  ratio  of  the  solution  weights  agrees  exactly  with  the 
theoretical  value  of  4  predicted  by  Equation  1,  and  the  average 
deviation  from  the  mean  is  only  ±0.05%. 


Table  I.  Stoichiometry  of  Titration  Reaction 


KMnOt  Solution 

KMnOi  Solution 

Reduced 

Required  to  Titrate 

Ratio 

Grams 

Grams 

99.747 

24.917 

4.0032 

99.965 

25.004 

3 . 9980 

99.854 

24.966 

3.9996 

99.843 

24.969 

3.9987 

Av.  4.000  ±  0.002 


TITRATION  OF  MANGANESE  IN  PRESENCE  OF  OTHER  ELEMENTS 

From  the  conditions  extant  during  the  titration,  and  the 
fortunate  circumstance  that  most  metals  form  complexes  with 
pyrophosphate  that  are  soluble  at  a  pH  of  6  to  7,  it  was  expected 
that  very  few  elements  would  interfere  with  the  determination  of 
manganese.  This  has  been  substantiated  by  the  series  of  ex¬ 
periments  shown  in  Table  II,  in  which  a  small  amount  of  manga¬ 
nese  (10  mg.)  was  titrated  in  the  presence  of  large  added  amounts 
of  those  elements  which  more  or  less  commonly  accompany 
manganese.  These  experiments  simulate  conditions  encountered 
in  the  determination  of  only  0.5  to  2%  manganese  in  various 
metallurgical  products  and  alloy  steels. 


Table  II.  Determination  of  Manganese  in  Presence  of  Other 

Elements 

[10.62  mg.  of  manganese  taken  in  all  cases.  Titrated  with  0.002  molar 
permanganate  (standardized  against  sodium  oxalate)  in  0.25  to  0.30  M 
sodium  pyrophosphate  at  pH  6  to  7.) 


No. 

Addition 

Volume 

Mn  Found 

Error 

Mg. 

Cc. 

Mg. 

% 

1 

None 

175 

10.64 

10.63 

+0.2 
+  0  1 

2 

9000  KC1 

175 

10.62 

10.63 

0 

+0.1 

3 

1000  Fe  +  +  +,  250  each 

Cu  +  +,  Cr  +  +  +,  Ni  +  +. 
Co  +  + 

400 

10.66 
10.56 
.  10.58 

+  0.4 
-0.6 
-0.4 

4 

1000  Fe  +  +  +,  100  each 

Mo  +  +  +  +  +  +i  w  +  +  +  +  ++_ 
U  +  +  +  +  +  + 

250 

10.58 

10.62 

10.62 

-0.4 

C 

0 

5 

250  Zn,  125  Al,  and  50  each 
Mg,  Cd 

350 

10.61 

10.60 

10.61 

1  1  1 

ooo 

i-*  tot-* 

6 

1  y  +  +  +  +  + 

180 

10.61 

10  63 

-0. 1 
+0.1 

7 

2.5  V  +  +  +  + 

180 

10.60“ 

10.62 

-0.2 

0 

8 

100  V  +  +  +  +  + 

180 

10.6b 

9 

800  Fe  +  +  +,  400  V  +  +  +  +  + 

300 

10.6b 

10.6 

“  Corrected  for  volume  of  permanganate  required  to  oxidize  vanadyl  ion. 
&  Titrated  at  pH  3  to  3.5;  see  text. 


Since  small  amounts  of  manganese  were  present  as  an  im¬ 
purity  in  some  of  the  salts  used,  particularly  those  of  iron,  cobalt, 
and  nickel,  blank  determinations  were  run  on  each  mixture  and 
the  appropriate  correction  was  applied.  This  blank  correction 
varied  from  a  few  hundredths  up  to  0.68  mg.,  depending  on  the 
amount  and  kind  of  metal  salt. 

Large  amounts  of  chloride,  ferric  iron,  +2  cobalt,  copper, 
nickel,  +3  chromium,  +6  molybdenum,  +6  tungsten,  +6 
uranium,  zinc,  aluminum,  magnesium,  and  cadmium,  have  no 
significant  effect.  Nitrate,  sulfate,  and  perchlorate  ions  are  also 
harmless.  The  noninterference  of  chloride,  cobalt,  and  chro¬ 
mium  is  a  unique  advantage  of  the  present  method  over  the 
classical  bismuthate  procedure. 

Under  the  conditions  stated,  clear  solutions  were  obtained  in 
every  case.  With  much  larger  quantities  of  certain  metals, 
notably  magnesium,  cadmium,  and  aluminum,  precipitates 
formed.  Since  some  of  these  precipitates  coprecipitate  manga¬ 
nese,  determinations  should  not  be  attempted  in  their  presence. 

Oxides  of  nitrogen  interfere,  and  cause  high  results,  because 
they  are  titrated  by  the  permanganate.  Hence  when  nitric  acid 
is  used  to  dissolve  samples,  the  resulting  solutions  must  not  only 
be  boiled  thoroughly  but  a  small  amount  of  urea  or  sulfamic  acid 
should  be  added  to  the  acid  solutions  to  remove  the  last  traces 
of  nitric  oxide  before  adding  the  sodium  pyrophosphate. 

Of  the  elements  likely  to  be  associated  with  manganese,  vana¬ 
dium  is  the  only  one  which  causes  difficulties,  and  then  only  when 
its  amount  is  equal  to  or  larger  than  the  amount  of  manganese. 
When  it  is  present  originally  in  the  +4  state  vanadium  is  titrated 
to  the  +5  state  along  with  the  manganese.  If,  as  is  usually  the 
case  in  steel  analyses,  the  amount  of  vanadium  is  considerably 
less  than  that  of  the  manganese  the  appropriate  correction  can 
be  applied;  an  example  is  furnished  by  experiment  7  in  Table 
II.  When  present  in  the  +5  state  in  a  pyrophosphate  solution 
of  pH  6  to  7  vanadium  partially  oxidizes  the  manganese,  and  is 
reduced  to  the  +4  state.  This  causes  no  particular  difficulty, 
and  no  error  provided  that  the  amount  of  vanadium  is  small 
(less  than  one  fifth  the  amount  of  manganese),  because  the  +4 
vanadium  so  produced  is  subsequently  reoxidized  by  the  titrant 
permanganate  solution  (see  Table  II,  experiment  6).  However, 
the  reaction  between  the  +4  vanadium  and  permanganate  ion  is 
rather  slow  and  with  large  amounts  of  vanadium  a  long  time  is 
required  to  obtain  constant  potentials,  so  that  only  small  amounts 
of  vanadium  can  be  tolerated. 

By  working  at  a  lower  pH,  and  thus  raising  the  potential  of 
the  manganous-manganic  couple  to  a  greater  extent  than  that  of 
the  vanadyl-vanadate  couple,  the  oxidation  of  manganese  by 
+5  vanadium  can  be  prevented.  Under  this  condition  it  is  pos¬ 
sible  to  determine  10  mg.  of  manganese  in  the  presence  of  as  much 
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Table  III. 


Sample  and  Bureau  of 
Standards  Certificate  Values 

Manganese  ore  25b 
Mn  58.35 


Ferromanganese  68a 

Mn  80.07,  C  6.83,  Si  0.81,  P  0.29, 
S  0.01 


Spiegeleisen  66 

Mn  19.93,  Fe  73.45,  C  4.05,  Si  2.22, 
P  0.07,  S  0.016,  Ni  0.015,  V  0.012, 
Ti  0.20,  Cu  0.019,  Cr  0.009,  Co 
0.01,  Mo  0.005 


Manganese  rail  steel  100 

Mn  1.38,  C  0.617,  Si  0.19,  P  0.02, 
S  0.02,  Copper  0.12,  Ni  0.15,  Cr 
0.18,  V0.  Oil,  Mo  0.005 


Determination  of  Manganese  in  Bureau  of  Standards  Samples 


(Permanganate  solutions  standardized  against  sodium  oxalate) 


Mn  Found, 
% 


Sample  and  Bureau  of 
Standards  Certificate  Values 


58.35 

58.37 
58.33 
58.29 
58.35 

58.38 


Manganese  bronze  62b 

Mn  1.28,  Cu  57.40,  Zn  37.97,  Sn 
0.97,  Pb  0.27,  A1  0.97,  Fe  0.81, 
Ni  0.27,  Si  0.05 


Av.  58.35  ±0.02 


80.04 

80.15 

80.19 

80.08 

Av.  80.12  ±  0.06 


19.97 

20.01 

20.00 

20.00 


Av.  20.00  ±  0.01 


1.385 

1.381 

1.392 

Av.  1.386  ±0.004 


Copper-nickel-ehromium  cast  iron  115 
Mn  1.01,  Cu  6.44,  Ni  15.89,  Cr  2.17, 
V  0.009,  Ti  0.021,  Co  0.08,  Si 
1.60,  C  2.42,  P  0.113,  S  0.032,  Mo 
0.002,  and  As  0.007 


Chromium-vanadium  steel  30d 

Mn  0.786,  V  0.190,  Cr  1.15,  Cu 
0.092,  Ni  0.150,  Mo  0.034,  C  0.363, 
Si  0.286,  P  0.031,  and  S  0.031 


Chromium-nickel  steel  101b 

Mn  0.597,  Ni  8.99,  Cr  18.49,  V 
0.049,  Co  0.078,  Mo  0.078,  Cb 
0.062,  Sn  0.012,  Cu  0.168,  C  0.069, 
Si  0.483,  S  0.025,  and  P  0.017 


Chromium-molybdenum  steel  135 
Mn  0.458,  Cr  5.15,  Mo  0.575,  Cu 
0.076,  Ni  0.083,  V  0.010,  C  0.094, 
Si  0.383,  P  0.017,  and  S  0.010 


Mn  Found, 

% 

1.277 

1.274 

1.273 

Av.  1.275  ±  0.002 

0.989 

0.996 

1.001 

1.001 

Av.  0.997  ±0.004 

0.796 

0.796 

0.796 


Av.  0.796 


0.60 

0.63 

0.61 

0.60 

0.66 

Av.  0.62  ±0.02 

0.456 

0.467 

0.464 

Av.  0.462  ±0.004 


as  400  mg.  of  +5  vanadium,  with  an  accuracy  of  about  1%  (ex¬ 
periments  8  and  9  in  Table  II) . 

DETERMINATION  OF  MANGANE*SE  IN  METALLURGICAL  PRODUCTS 

AND  STEELS 

To  test  the  reliability  of  the  present  method  under  practical 
conditions,  and  compare  its  performance  with  other  methods, 
a  variety  of  samples  were  analyzed  (Table  III) . 

In  general,  a  suitable  weight  of  sample  was  decomposed  in  a 
Ivjeldahl  flask  with  an  appropriate  acid,  and,  after  diluting  and 
boiling  thoroughly  to  remove  gaseous  reaction  products,  the  re¬ 
sulting  solutions  were  cooled  and  made  up  to  volume  in  cali¬ 
brated  volumetric  flasks  without  removing  silica  or  the  small 
amounts  of  carbon  that  usually  remained.  Whenever  nitric  acid 
was  used  to  dissolve  the  samples  1  gram  of  urea  or  sulfamic  acid 
per  250  cc.  was  added  before  finally  diluting  to  volume,  to  ensure 
complete  absence  of  nitric  oxide.  Aliquot  portions  (usually  50 
cc.)  of  these  solutions  were  pipetted  into  200  to  300  cc.  of  satu¬ 
rated  sodium  pyrophosphate  solution,  and  after  adjusting  the  pH 
to  a  value  between  6  and  7,  the  titrations  were  performed  as 
already  described.  The  titrant  permanganate  solutions  (0.02 
molar  for  samples  25b,  68a,  and  66,  and  0.002  molar  for  the  others) 
were  standardized  against  sodium  oxalate. 

Manganese  Ore  25b.  Six-  to  8-gram  portions  of  this  sample, 
which  consists  mainly  of  pyrolusite,  were  dried  at  120  °  C.  and  de¬ 
composed  with  a  mixture  of  100  cc.  of  1  to  1  hydrochloric  acid 
and  25  cc.  of  concentrated  sulfuric  acid,  and  finally  diluted  to  1 
liter.  Aliquots  containing  from  80  to  160  mg.  of  manganese  were 
titrated.  The  time  required  for  the  analysis  of  pyrolusite  ores 
by  the  present  method  is  considerably  less  than  that  required  in 
the  bismuthate  method,  chiefly  because  hydrochloric  acid  can 
be  used  to  dissolve  the  sample  and  no  filtration  is  required. 

Ferromanganese  68a  and  Spiegeleisen  66.  One-gram 
samples  of  the  ferromanganese  and  3-gram  samples  of  the  spie¬ 
geleisen  were  decomposed  by  boiling  with  50  cc.  of  1  to  1  nitric 
acid.  The  solutions  were  finally  diluted  to  250  cc.,  and  50-cc. 
aliquots  (120  to  160  mg.  of  manganese),  were  titrated. 

Manganese  Rail  Steel  100  and  Manganese  Bronze  62b. 
Five-gram  samples  were  dissolved  in  50  to  100  cc.  of  1  to  1  nitric 
acid.  The  solutions  were  diluted  to  250  cc.,  and  50-cc.  aliquots, 
corresponding  to  12  to  14  mg.  of  manganese,  were  titrated. 

Copper-Nickel-Chromium  Cast  Iron  115,  Chromium- 
Vanadium  Steel  30d,  Chromium-Nickel  Steel  101b,  and 
Chromium-Molybdenum  Steel  135.  Since  all  these  samples 
contain  appreciable  amounts  of  vanadium  an  oxidizing  attack 
was  used  in  preparing  the  solutions  to  make  sure  that  vanadium 
would  finally  be  present  in  the  +5  state.  Five-gram  samples 
were  dissolved  in  1  to  1  nitric  acid  with  the  aid  of  a  minimal 
amount  of  hydrochloric  acid.  The  solutions  were  then  boiled 
down  to  $  small  volume  with  an  excess  of  concentrated  nitric 
acid  to  reoxidize  any  vanadium  reduced  by  the  hydrochloric 


acid,  and  were  finally  diluted  to  250  cc.  Aliquots  of  50  cc.  were 
titrated. 

SUMMARY 

A  new  method  is  described  for  the  determination  of  manganese 
based  on  the  titration  of  manganous  ion  with  permanganate  ion 
in  a  pyrophosphate  solution  of  pH  6  to  7,  the  +2  manganese  being 
oxidized,  and  the  permanganate  ion  reduced,  to  a  pyrophosphate 
complex  of  the  +3  state.  The  titration  is  performed  potentio- 
metrically  with  a  platinum  indicator  electrode.  The  potential 
break  at  the  equivalence  point  is  very  large  and  high  precision  is 
attainable.  The  titration  reaction  is  stoichiometrically  exact, 
and  the  titrant  penlianganate  solution  can  be  standardized 
against  sodium  oxalate  or  anhydrous  potassium  ferrocyanide. 

Data  presented  demonstrate  that  large  amounts  of  chloride, 
+3  iron,  +2  cobalt,  copper,  nickel,  +3  chromium,  +6  molyb¬ 
denum,  +6  tungsten,  +6  uranium,  zinc,  aluminum,  magnesium, 
and  cadmium  do  not  interfere  with  the  determination  of  manga¬ 
nese.  Nitrate,  sulfate,  and  perchlorate  ions  are  also  harmless. 
When  the  titration  is  performed  at  pH  6  to  7  vanadium  interferes 
if  present  in  large  amounts,  but  amounts  of  this  element  up  to 
about  one  fifth  the  amount  of  manganese  can  be  tolerated.  The 
interference  of  large  amounts  of  vanadium  can  be  circumvented 
by  performing  the  titration  at  a  lower  pH  (3  to  3.5). 

The  method  has  been  applied  without  any  separations  to 
Bureau  of  Standards  samples  of  manganese  ore,  ferromanganese, 
spiegeleisen,  manganese  bronze,  and  alloy  steels,  with  results  that 
equal  in  accuracy  those  obtainable  by  the  bismuthate  method. 

LITERATURE  CITED 

(1)  Blum,  W.,  J.  Am.  Chem.  Soc.,  34,  1395  (1912). 

(2)  Coltman,  R.  W.,  Ind.  Eng.  Chem.,  16,  606  (1924). 

(3)  Cunningham,  T.  R.,  and  Coltman,  R.  W.,  Ibid.,  16,  58  (1924). 

(4)  Hillebrand,  W.  F.,  and  Lundell,  G.  E.  F„  “Applied  Inorganic 

Analysis’’,  New  York,  John  Wiley  &  Sons,  1929. 

(5)  Kolthoff,  I.  M.,  Rec.  trav.  chim.  41,  343  (1922). 

(6)  Kolthoff,  I.  M.,  and  Sandell,  E.  B.,  “Textbook  of  Quantitative 

Inorganic  Analysis",  New  York,  Macmillan  Co.,  1943. 

(7)  Lundell,  G.  E.  F.,  J.  Am.  Chem.  Soc.,  45,  2600  (1923). 

(8)  Lundell,  G.  E.  F.,  Hoffman,  J.  I.,  and  Bright,  H.  A.  “Chemical 

Analysis  of  Iron  and  8teel”,  New  York,  John  Wiley  &  Sons, 

1931. 

(9)  Watters,  J.  I.,  Ph.D.  thesis,  University  of  Minnesota,  1943. 

(10)  Watters,  J.  I.,  and  Kolthoff,  I.  M.,  Ind.  Eng.  Chem.,  Anal.  Ed., 

15,8  (1943);  16,187(1944). 

(11)  Yost,  D.  M.,  and  Russel,  H.,  Jr.,  “Systematic  Inorganic  Chem¬ 

istry”,  New  York,  Prentice-Hall,  1944. 


Fractional  Separation  of  Hafnium  and  Zirconium 
by  Means  of  Triethylphosphate 
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University  of  Michigan,  Ann  Arbor,  Mich. 


This  study  is  an  extension  of  previous  work  on  separations  in  which 
the  precipitating  ion  was  not  added  as  such,  but  formed  slowly  by 
hydrolysis  in  solution.  The  principles  set  forth  in  the  original  work 
on  the  slow  formation  of  hydroxyl  ion  were  confirmed.  When  the 
solution  is  homogeneous  with  respect  to  the  precipitating  ions,  the 
precipitation  of  a  normally  gelatinous  product  may  be  improved  to 
yield  a  dense,  granular  easily  filterable  precipitate,  and  a  great  im¬ 


provement  in  the  efficiency  of  separation  of  difficultly  separable 
elements  can  be  attained.  Hafnium  was  separated  from  zirconium  by 
fractional  precipitation  of  the  ethylphosphates  obtained  by  hydrolysis 
of  triethylphosphate  in  a  boiling  solution  of  6  N  sulfuric  acid.  Data 
from  this  separation  were  used  to  develop  an  optimum  fractionation 
procedure,  resulting  in  efficient  separation  of  hafnium  from  a  mixture 
containing  a  relatively  low  percentage  of  hafnium. 


WHEN  a  precipitation  reaction  is  used  for  the  separation  of 
ions,  the  formation  of  a  gelatinous  precipitate  is  a  serious 
problem.  The  slimy  nature  of  the  product  makes  filtration  diffi¬ 
cult  and  inefficient  washing  leaves  adsorbed  and  occluded  im¬ 
purities.  If  the  precipitating  ion  is  not  added  as  such  but  is 
formed  slowly  and  homogeneously  throughout  the  body  of  the 
reaction  mixture,  and  other  conditions  are  fulfilled,  a  dense  and 
granular  precipitate  is  formed.  This  precipitate  is  easily  filtered 
and  washed  and  carries  down  few  impurities,  thus  affording  a 
simple  means  of  solving  the  problem.  Willard  and  his  co-work- 
ers  {3-6)  successfully  carried  out  the  separation  of  hydroxides  and 
basic  salts  from  many  ions  by  a  gradual  and  uniform  increase  in 
pH  resulting  from  the  hydrolysis  of  urea. 

This  paper  extends  the  work  to  the  formation  of  ions  other 
than  hydroxyl,  and  the  hydrolysis  of  triethylphosphate  is  em¬ 
ployed  successfully  in  the  fractional  separation  of  hafnium  and 
zirconium.  Triethylphosphate  is  completely  miscible  with  sul¬ 
furic  acid  solutions  of  zirconium  and  hafnium.  When  such  a 
mixture  is  boiled,  the  ester  is  hydrolyzed  in  a  stepwise  manner 
and  a  precipitate  of  zirconyl  or  hafnyl  ethyl  acid  phosphate  is 
produced.  By  using  only  sufficient  ester  to  precipitate  a  fraction 
of  the  combined  hafnium  plus  zirconium,  the  hafnium  concen¬ 
trates  in  the  precipitate. 

A  systematic  approach  to  the  separation  of  zirconium  and 
hafnium  by  direct  fractional  precipitation  with  phosphoric  acid 
was  developed  by  Larsen,  Fernelius,  and  Quill  (I),  in  whose  paper 
the  references  to  the  literature  of  the  phosphate  method  are 
given.  The  gelatinous  nature  of  the  precipitate  was  overcome 
by  rigid  control  of  the  many  factors  influencing  the  precipitation 
reaction.  In  addition,  a  method  of  opening  the  ore  with  concen¬ 
trated  sulfuric  acid  and  the  solution  of  the  phosphate  precipitate 
were  described  and  are  used  extensively  in  the  present  investi¬ 
gation. 

STARTING  MATERIAL 

The  source  of  the  hafnium  and  zirconium  salts  was  the  mineral 
cyrtolite,  an  altered  zircon  containing  about  5%  hafnia  by  weight. 
The  ore  was  crushed,  ground  to  pass  100-mesh,  and  digested 
with  concentrated  sulfuric  acid  (1,  2).  The  resulting  sulfate 
solution  was  then  used  directly  for  fractional  precipitations  or 
purified  by  precipitation  of  the  hafnium  and  zircomum  by  means 
of  excess  triethylphosphate. 

METHOD  OF  ANALYSIS 

Two  analyses  were  usually  required,  one  for  the  combined 
hafnia  and  zirconia  and  the  other  for  the  hafnia  present  in  the 
combined  oxides.  Whenever  possible  the  determination  of  com¬ 
bined  oxides  was  run  first,  the  oxides  were  returned  to  solution 
by  fusing  with  potassium  bisulfate,  and  the  resulting  solution  was 
used  for  the  hafnium  determination. 

As  no  simple  chemical  process  is  available  that  will  distinguish 
between  hafnium  and  zirconium,  it  is  necessary  to  have  recourse 


to  some  indirect  method.  One  of  the  most  feasible  is  the  con¬ 
version  of  a  mixture  of  two  well-defined  hafnium  and  zirconium 
compounds  into  two  other  compounds. 

Schumb  and  Pittman  ( 2 )  published  a  method  of  determining 
hafnium  in  a  mixture  of  hafnium  and  zirconium  oxychlorides  by 
conversion  to  the  normal  selenites  followed  by  ignition  to  the 
oxides.  Three  changes  were  essential  before  the  method  could  be 
applied  to  the  mixtures  in  this  investigation.  (1)  It  was  neces¬ 
sary  to  convert  the  sulfuric  acid  solutions  of  hafnium  and  zir¬ 
conium  into  the  corresponding  hydrochloric  acid  solutions.  This 
was  accomplished  by  a  double  precipitation  with  ammonia  fol¬ 
lowed  by  solution  in  10  ml.  of  1  to  1  hydrochloric  acid.  (2)  It 
was  necessary  to  destroy  the  wood  sugars  resulting  from  the 
hydrolysis  of  the  cellulose  (filter  paper),  by  boiling  the  hydrochlo¬ 
ric  acid  solutions  with  hydrogen  peroxide.  Following  solution  in 
1  to  1  hydrochloric  acid,  the  solution  was  boiled  with  5  ml.  of 
30%  hydrogen  peroxide,  and  then  diluted  to  200  ml.  for  pre¬ 
cipitation  of  the  selenites  with  50  ml.  of  20%  selenious  acid. 
(3)  It  was  necessary  to  remove  the  silica  from  the  ignited  oxides 
in  the  combined  oxides  determination.  This  was  accomplished 
by  evaporating  cautiously  10  drops  of  concentrated  sulfuric  acid 
and  0.5  to  1  ml.  of  hydrofluoric  acid  from  the  oxides.  The  mixed 
sulfates  were  then  carefully  ignited  to  the  oxides,  the  final  ignition 
being  made  at  950°  C. 

NATURE  OF  PRODUCT  SEPARATED  BY  HYDROLYSIS  OF  TRIETHYLPHOS- 
PHATE  IN  PRESENCE  OF  ZIRCONIUM 

If  the  hydrolysis  of  triethylphosphate  went  to  completion, 
zirconyl  phosphate,  Zr0[H2(P04)  ]2,  would  be  precipitated.  How¬ 
ever,  the  stepwise  hydrolysis  of  the  ester  results  in  the  precipi¬ 
tation  of  zirconium  ethyl  phosphate. 

A  carefully  purified  sample  was  analyzed  to  obtain  the  loss  on 
ignition  and  zirconium  and  phosphorus  contents.  On  the  basis 
of  these  results  a  suggested  formula  is  ZrO[II (C2H5)  (P04)  ]2.2H20. 
A  comparison  of  the  chemical  analysis  and  calculated  analysis  is 
made  in  Table  I. 

Near  the  completion  of  this  investigation  trimethylphosphate 
became  available  and  because  of  its  increased  rate  of  hydrolysis 
over  that  of  triethylphosphate,  some  experiments  were  run  to 
compare  the  two  esters.  The  results  indicated  that  the  time  re¬ 
quired  for  the  same  degree  of  precipitation  of  zirconium  by  tri¬ 
methylphosphate  was  about  one  third  that  required  by  the  tri¬ 
ethyl  compound.  This  means  a  tremendous  saving  in  time,  since 
the  usual  fractionation  procedure  to  produce  relatively  pure 
hafnium  compounds  with  triethylphosphate  requires  five  to  six 


Table  I.  Results  in  Analysis  of  Zirconium  Compound  Precipitated 
by  Hydrolysis  of  Triethylphosphate 


Calculated 


Experimental 


Mole  ratio  P/Zr 
%Zr 
%  P 

%  loss  on  ignition 
Molecular  weight 


2.00 

23.20 

15.76 

32.55 

393.2 


2.00 

23.12  ±  0.06 
15.76  ±  0.03 
32  6  ±0.1 
393  ±  1 


195 


196 
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Table  II.  Degree  of  Fractionation  in  Sulfuric,  Nitric,  and 
Hydrochloric  Acid  Solutions 

Mole  Fraction 

Type  Solution  HfC>2  +  ZrOa  removed  HfC>2  removed 


6  N  sulfuric  acid 
6  N  nitric  acid 
6  N  hydrochloric  acid 


0.333 

0.333 

0.333 


0.623 

0.516 

0.513 


Table  III. 

Effect  of  Free  Acid 

on  Fractionation 

of  Hafnium 

Initial 

Mole  Fraction 

Final 

Normality  of 

Weight  % 

HfC>2  -f-  Zr02 

Weight  % 

Sulfuric  Acid 

HfCh 

Removed 

Hf02 

6 

20.3 

0.519 

32.9 

8 

20.3 

0.540 

29.6 

10 

20.3 

0.525 

30.9 

12 

20.3 

0 . 553 

30.9 

14 

20.3 

0.567 

30.2 

steps  at  20  hours  per  step  for  the  reaction  time  alone.  Also,  it 
is  reasonable  to  expect  that  the  product  separated  would  be 
analogous  to  the  zirconium  ethyl  phosphate  and  therefore  would 
show  about  the  same  fractionation  characteristics. 

EFFECT  OF  ANION  ON  FRACTIONATION  OF  HAFNIUM 

The  usual  explanation  of  the  operation  of  a  fractional  pre¬ 
cipitation  method  is  based  upon  the  slight  difference  in  the  solu¬ 
bility  of  the  products.  The  ratio  of  the  molecular  solubilities  of 
hafnium  and  zirconium  phosphates  in  6  N  hydrochloric  acid  is 
only  1  to  4.  Zirconium  generally  preponderates  in  the  usual 
mixture  of  zirconium  and  hafnium,  and  the  repressing  effect  of 
the  high  zirconium  concentration  should  overbalance  the  slight 
differences  in  solubility.  The  fact  that  it  does  not  suggests  that 
relative  stabilities  of  anionic  complexes  may  be  involved.  If 
this  is  so,  the  fractionation  should  depend  upon  the  anion  present 
in  the  solution.  To  check  this,  the  same  fraction  of  the  combined 
oxides  was  precipitated  with  triethylphosphate  from  6  N  solu¬ 
tions  of  sulfuric,  nitric,  and  hydrochloric  acids.  The  results, 
tabulated  in  Table  II,  indicate  that  the  best  results  are  obtained 
in  a  sulfuric  acid  solution. 


EFFECT  OF  FREE  ACID 


CONCENTRATION 

HAFNIUM 


ON  FRACTIONATION  OF 


The  effect  of  the  free  acid  concentration  was  determined  by 
precipitating  approximately  the  same  fraction  of  the  combined 
oxides  from  solutions  of  varying  sulfuric  acid  concentration. 
As  shown  in  Table  III,  no  noticeable  improvement  in  the  frac¬ 
tionation  takes  place  as  the  acid  concentration  is  varied. 


o.i 


o.i 

MOL 


0.2  0.3 

fraction 


04 

Ro, 


0.5  06  0.7 

PRECPITATED 


RO, 


6  N  sulfuric  acid  was  selected  as  the  most  desirable  reaction 
medium,  primarily  for  the  dense,  granular  precipitate  produced 
and  also  because  the  solutions  were  the  least  corrosive. 

DEVELOPMENT  OF  AN  OPTIMUM  FRACTIONATION  PROCEDURE 

The  development  of  an  optimum  fractionation  procedure  de¬ 
pends  upon  the  application  of  a  suitable  criterion  for  determining 
the  fraction  of  the  total  hafnia  plus  zirconia  that  should  be  pre¬ 
cipitated  at  a  given  step.  The  highest  concentration  of  hafnia 
in  the  product  and  the  greatest  recovery  of  hafnia  are  the  two 
most  important  factors  to  be  considered.  Unfortunately  they 
are  dependent  upon  one  another.  If  a  relatively  small  amount 
of  the  total  hafnium  plus  zirconium  is  precipitated,  the  hafnium 
content  of  the  precipitated  phase  will  be  considerably  higher 
than  if  a  larger  amount  of  the  combined  oxides  had  been  sepa¬ 
rated.  Thus  as  the  yield  of  hafnia  recovered  in  the  precipitated 
phase  is  increased,  the  hafnium  concentration  is  decreased. 

At  this  point  a  clarification  of  the  term  “instantaneous  com¬ 
position”  is  required.  The  chemical  analysis  indicates  the  average 
composition  over  a  given  interval.  If  this  interval  were  con¬ 
tinually  shortened,  then  at  the  limit  the  composition  would  repre¬ 
sent  an  instantaneous  value.  Physically  it  would  correspond 
to  the  composition  of  the  product  separating  at  a  given  instant, 
if  all  of  the  previously  separated  product  could  be  removed. 

From  the  above  discussion  it  is  apparent  that  the  instantaneous 
composition  of  the  separating  phase  will  vary  from  high  values 
of  per  cent  hafnia  to  low  values  as  the  fractionation  progresses. 
Therefore,  the  fractionation  should  be  stopped  at  the  point  where 
the  instantaneous  composition  of  the  separating  product  is  equal 
to  the  initial  composition  of  the  starting  material.  To  carry  the 
fractionation  beyond  this  point  would  simply  mean  that  the 
product  was  being  diluted  with  a  mixture  less  rich  in  hafnium 
than  the  starting  material.  Although  there  is  no  convenient  way 
to  determine  experimentally  the  relation  between  the  instan¬ 
taneous  composition  and  the  fraction  of  the  combined  oxides 
precipitated,  it  can  be  deduced  by  graphical  means  from  other 
data  more  easily  measured.  The  first  step  is  a  comparison  of 
the  fraction  of  the  hafnia  precipitated  with  the  fraction  of  the 
combined  oxides  precipitated  for  initial  mixtures  containing 
varying  amounts  of  hafnia,  somewhat  analogous  to  the  treatment 
of  Larsen  etal.  ( 1 ). 

The  experimental  work  consisted  in  carrying  out  a  series  of 
single  precipitations  on  starting  solutions  having  the  same  hafnia 
content,  in  which  10  to  70  mole  %  of  the  total  oxides  were  pre¬ 
cipitated  as  the  ethylphosphates.  Sufficient  triethylphosphate 
(375  ml.  of  ester  per  mole  of  oxides)  was  added  to  solutions  of 

6  N  sulfuric  acid,  containing  0. 1  mole 
per  liter  of  combined  oxides,  to  pre¬ 
cipitate  the  desired  fraction  of  the 
oxides  as  the  ethylphosphates.  A 
mole  ratio  of  ester  to  oxides  slightly 
greater  than  2  to  1  was  required  be¬ 
cause  of  side  reactions.  The  mixtures 
were  boiled  for  20  hours,  cooled, 
filtered,  and  washed  with  2%  sul¬ 
furic  acid.  Sodium  hydroxide-sodium 
peroxide  mixtures  were  used  to 
decompose  the  phosphate  precipi¬ 
tate  (7),  and  make  it  soluble  in  sul¬ 
furic  acid.  The  resulting  solutions 
were  analyzed  for  both  combined 
oxides  and  hafnia,  from  which  the  de¬ 
sired  data  were  easily  calculated. 
These  experiments  were  repeated  for 
solutions  whose  combined  oxides  had 
different  initial  hafnia  contents. 
These  data  are  plotted  in  Figure  1. 
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Figure  1.  Comparison  of  Hafnia  and  Total 
Oxides  Precipitated 

Mole  Fraction  HfC>2  in  Starting  Material 

I.  0.0753 

II.  0.179 

III.  0.504 


Figure  2.  Relationship  of  Instantaneous 
Composition  and  Mole  Fraction  of  Com¬ 
bined  Oxides  Precipitated 


Initial  Mole  Fraction  Hf02 

I.  0.0753 

II.  0.179 

III.  0.504 


Optimum  Cutoff  Krq2 
0.34 
0.39 
0.54 


For  selected  values  of  the  abscissa 
the  corresponding  ordinates  are  read 
from  the  curves  of  Figure  1.  Then  on 
the  basis  of  1  mole  of  combined  oxides, 
the  moles  of  hafnia  separated  and  the 
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Tabic  IV.  Fractionation  Series  Using  Optimum  Procedure 


Experimental 


Frac¬ 

tion¬ 

ation 

step 

Weight 
of  RO2 
Grams 

HfOa 

Weight 

% 

Solu¬ 

tion 

vol¬ 

ume 

Ml. 

HfOs 

Mole 

Mole 

fraction 

HfOa 

precipi¬ 

tated 

Over-all 

efficiency 

HfOa 

precipi¬ 

tated 

Initial 

Final 

215 

75.3 

16.0 

30.3 

4760 

0.163 

0.1081 

0.664 

0.664 

Initial 

Final 

74.1 

29.8 

30.3 

53.6 

1525 

0.1063 

0.0757 

0.712 

0.472 

Initial 

Final 

28.9 

15.1 

53.6 

75.8 

738 

0.0735 

0.0543 

0.738 

0.348 

Initial 

Final 

14.0 

11.65 

75.8 

80.0 

435 

6.0503 

0.0442 

0.878 

0.306 

Initial 

Final 

10.48 

7.16 

80.0 

91.1 

225 

0.0397 

0.0309 

0.779 

0.238 

Predicted 
Composition 
Mole  frac¬ 
tion  HfC>2 
from  Fig.  4 

Experi¬ 
mental 
Mole 
Fraction 
ROa  Pre¬ 
cipitated 

Desired 
Mole 
Fraction 
RO2  Pre¬ 
cipitated 
from  Fig.  3 

ZrOa 

ROa 

Compo¬ 

sition 

mole 

fraction 

HfOa 

Moles 

Moles 

1.464 

0.425 

1.627 

0.5331 

0.100 

0.203 

0.19 

0.328 

0.34 

0.418 

0.1120 

0.5243 

0.1877 

0.203 

0.403 

0.35 

0.358 

0.38 

0.1089 

0.0296 

0 . 18-24 
0.0839 

0.403 

0.647 

0.57 

0.460 

0.49 

0 . 0275 
0.0189 

0.0778 

0.0631 

0.647 

0.700 

0.75 

0.812 

0.66 

0.0170 

0 . 0052 

0 . 0567 
0.0361 

0.700 

0.853 

0.80 

0.637 

0.71 

increments  in  the  moles  of  hafnia  are  determined.  F rom  these  the 
average  compositions  of  the  separating  phases  corresponding  to 
increments  in  the  precipitation  of  the  combined  oxides  are  calcu¬ 
lated  and  plotted  in  Figure  2.  The  instantaneous  curve  is  drawn 
so  that  the  area  under  the  rectangles  equals  the  area  under  the 
curve.  The  intersection  of  the  instantaneous  curve  with  the 
ordinate  representing  the  initial  composition  gives  the  optimum 
cutoff  in  the  fractionation.  Obviously,  if  the  curve  relating  the 
optimum  cutoff  and  the  initial  composition  were  plotted,  it 
would  have  to  pass  through  the  points  0,0  and  1,1.  These  data 
are  made  of  more  general  value  by  putting  them  on  a  semilog 
plot  as  shown  in  Figure  .3.  Thus,  for  any  given  initial  composi¬ 
tion  of  combined  oxides,  the  optimum  extent  of  precipitation  is 
determined  from  the  curve.  Again,  considering  1  mole  of  com¬ 
bined  oxides  as  a  basis,  and  using  the  curves  of  Figures  1  and  3, 
the  plot  of  Figure  4  relating  the  composition  at  steps  N  +  1  and 
N  may  be  obtained.  If  the  experimental  data  were  very  accurate 
and  if  rigid  control  could  be  maintained  over  the  fractionation 
procedure,  this  curve  would  assist  greatly  in  planning  the  entire 
fractionation  series. 
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Figure  3.  Comparison  of  Optimum  Mole  Fraction  of 
Combined  Oxides  Precipitated  and  Composition  of 
Starting  Material 


Using  a  45  °  reference  line,  a  series  of  steps  in  the  fractionation 
process  could  be  plotted.  Unfortunately,  the  very  small  error 
per  step  adds  to  a  very  considerable  cumulative  error  which 
greatly  lessens  its  value  with  the  data  at  present  available. 


APPLICATION  OF  OPTIMUM  FRACTIONATION  PROCEDURE  TO 
FRACTIONATION  SERIES 

The  procedure  for  using  the  fractionation  curves  consists  in 
determining  first  the  initial  moles  of  combined  oxides  and  the 
hafnia  content  of  these  oxides.  Then  using  Figure  3  the  desired 
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Figure  4.  Comparison  of  Composition  at  Step  N  +  1  and 
at  Step  N 


mole  fraction  of  the  combined  oxides  to  be  precipitated  is  selected 
and  sufficient  triethylphosphate  is  added  to  carry  out  the  pre¬ 
cipitation.  The  ethylphosphates  are  decomposed  with  a  caustic 
peroxide  mixture,  and  the  acid-soluble  product  is  dissolved  in 
6  N  sulfuric  acid  and  analyzed. 

From  the  new  analysis  the  next  fractionation  step  may  be 
planned  as  before.  Figure  4  may  be  used  to  predict  the  com¬ 
position  one  or  two  steps  in  advance.  The  data  for  an  entire 
series  are  tabulated  in  Table  IV.  In  this  series  215  grams  of 
combined  oxides  containing  16.0  weight  %  hafnia  were  enriched 
to  7.16  grams  of  combined  oxides  containing  91.1  weight  % 
hafnia  in  five  steps.  This  represents  an  over-all  efficiency  in  the 
recovery  of  hafnia  of  23.8%. 
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Determination  of  Tocopherol  in  Plant  Tissue 

MONROE  E.  WALL  and  EDWARD  G.  KELLEY 
Eastern  Regional  Research  Laboratory,  Philadelphia  18,  Pa. 


Modifications  of  the  Emmerie-Engel  and  Furter-Meyer  methods  for 
the  determination  of  tocopherol  are  reported,  which  consist  es¬ 
sentially  of  the  removal  of  substances  that  interfere  with  applica¬ 
tion  to  plant  extracts.  In  most  cases  the  results  obtained  by  the 
two  procedures  agreed  within.  =*=  5  to  1 0%. 

DURING  the  course  of  investigations  on  the  fat-soluble  con¬ 
stituents  of  vegetable  leaf  meals,  the  authors  wished  to  de¬ 
termine  the  tocopherol  content  of  a  number  of  leaf  meals  and  ex¬ 
tracts.  A  survey  of  the  literature  indicated  that  little  work  had 
been  done  with  such  materials.  The  tocopherol  content  of  lettuce 
leaves  has  been  reported  by  Karrer  and  Keller  (8),  and  that  of  al¬ 
falfa  by  Scudi  and  Buhs  (18). 

The  methods  used  by  these  workers  are  lengthy  and  require 
specialized  apparatus,  and  attempts  to  use  the  latter  method  with 
standard  tocopherol  solutions  resulted  in  poor  recoveries.  There¬ 
fore,  the  authors  attempted  to  apply  the  Emmerie-Engel  (8)  and 
Furter-Meyer  (6)  procedures. 

The  Furter-Meyer  procedure  is  based  on  the  nitric  acid  oxida¬ 
tion  of  tocopherol  to  the  red  quinone.  The  reaction  is  relatively 
specific,  taking  place  ( IJ+ )  only  with  compounds  that  have  struc¬ 
tures  similar  to  that  of  tocopherol.  The  three  forms  of  tocoph¬ 
erol — alpha,  beta,  and  gamma — are  not  differentiated  by  this 
procedure,  so  that  the  analytical  results  show  only  the  total 
tocopherols  present.  The  method  as  originally  presented  by  Furter 
and  Meyer  was  applied  only  to  pure  tocopherol  solutions  and 
vegetable  oils.  In  leaf  extracts  carotene,  xanthophyll,  chloro¬ 
phyll,  tocopherolquinones,  and  lipoids  insoluble  in  cold  ethanol 
interfered  with  the  determination  and  had  to  be  removed.  In 
addition  Quackenbush  et  al.  (12)  have  shown  that  polyphenols 
such  as  pyrogallol  interfere  with  the  colorimetric  determination. 
Such  compounds,  if  present,  are  removed  during  the  purification 
of  the  plant  extract. 

The  Emmerie  and  Engel  procedure  is  indirect.  Ferric  ion  is  re¬ 
duced  to  the  ferrous  form  by  all  three  tocopherols.  The  ferrous 
ion  then  forms  a  colored  complex  with  a,a'-dipyridyl.  Any  com¬ 
pound  which  can  reduce  iron  will  interfere  with  the  method.  In 
leaf  extracts  carotene,  xanthophyll,  chlorophyll,  and  certain  lip¬ 
oids  which  slowly  reduce  iron  interfere  and  must  be  removed. 

The  modifications  of  these  methods  described  here  consist  es¬ 
sentially  of  the  removal  of  substances  which  interfere  with  their 
application  to  plant  extracts. 

EXTRACTION  OF  TOCOPHEROL 

The  solutions  are  kept  in  the  dark  except  during  manipulations 
and  all  manipulations  are  conducted  in  a  room  shielded  from 
direct  sunlight.  All-glass  apparatus  is  used  throughout. 

Dry  Samples.  A  25-gram  sample  of  leaf  meal,  of  30-  to  40- 
mesh,  is  exhaustively  extracted  in  a  Soxhlet  with  Skellysolve  B 
for  5  to  8  hours,  and  the  extract  thus  obtained  is  made  to  250  ml. 
In  this  manner  sufficient  sample  is  obtained  for  duplicate  deter¬ 
minations  by  both  procedures. 

Fresh  Samples.  A  10-gram  fresh  sample  is  necessary  for  the 
Emmerie-Engel  procedure  and  a  25-gram  sample  for  the  Furter- 
Meyer.  The  material  is  extracted  in  a  Waring  blender  using  the 
foaming  mixture  of  alcohol  and  Skellysolve  B  described  by  Moore 
and  Ely  (9).  This  procedure  has  been  successfully  used  by  Devlin 
and  Mattill  (2)  to  extract  tocopherols  from  muscle  tissue.  The 
alcohol  is  separated  and  extracted  with  Skellysolve  B  as  described 
by  Wall  and  Kelley  (IS).  The  Skellysolve  solution  is  then  dried 
with  anhydrous  sodium  sulfate  and  evaporated  under  vacuum 
and  nitrogen  to  approximately  25  ml. 

FURTER-MEYER  PROCEDURE 

The  sample  taken  should  contain  a  minimum  of  0.3  mg.  of  tocoph¬ 
erol  and  preferably  about  1.0  mg.  An  extract  equivalent  to  2.5 


to  5.0  grams  of  dry  leaf  meal  usually  contains  the  necessary  quan¬ 
tity  of  tocopherol.  The  sample  dissolved  in  about  25  ml.  oi 
Skellysolve  B  is  passed  through  a  7  X  2  cm.  adsorption  columD 
consisting  of  three  parts  of  Hi-Flow  Supercel  (Johns-Manville 
Corporation)  and  one  part  of  activated  magnesia  No.  2641  (West- 
vaco  Chlorine  Products  Company,  Newark,  Calif.)  The  prepa¬ 
ration  of  the  column  and  the  adsorption  technique  are  identical 
with  those  described  by  Wall  and  Kelley  (15)  for  the  determina¬ 
tion  of  carotene.  After  adsorbing  the  extract,  the  adsorption  col¬ 
umn  is  washed  with  about  80  ml.  of  5%  acetone  in  Skellysolve  B 
and  finally  with  20  ml.  of  10%  acetone  in  Skellysolve  B.  The 
carotene  and  tocopherol  are  eluted,  chlorophyll  and  xanthophyll 
being  retained  on  the  column.  The  eluate  is  caught  in  a  250-ml. 
flat-bottomed  boiling  flask,  f  24/40. 

The  solution  is  evaporated  in  a  water  bath  at  40°  to  50°  C.  un¬ 
der  vacuum  and  nitrogen  to  approximately  25  ml.  To  the  con¬ 
centrated  solution  are  added  2.0  ml.  of  85%  (by  volume)  sulfuric 
acid.  The  flask  is  stoppered  and  vigorously  shaken  on  a  shaking 
machine  for  3  minutes.  The  acid  is  colored  deep  blue  by  the  de¬ 
composed  carotene.  Occasionally,  if  all  the  pigment  is  not  re¬ 
moved,  2.0  ml.  more  of  acid  must  be  added.  The  stopper  is  re¬ 
moved  and  rinsed  with  Skellysolve  B,  and  the  contents  of  the 
flask  are  rinsed  into  a  250-ml.  separatory  funnel  with  Skellysolve 
B.  The  acid  layer  which  separates  is  withdrawn.  The  Skelly¬ 
solve  solution  is  washed  once  with  aqueous  5%  sodium  sulfate 
solution,  then  once  with  aqueous  1%  potassium  hydroxide,  and 
finally  with  more  sodium  sulfate  solution  until  the  aqueous  wash¬ 
ings  are  practically  neutral. 

The  solution,  which  should  be  colorless  or  only  slightly  yellow, 
is  dried  with  anhydrous  sodium  sulfate,  decanted  from  the  sodium 
sulfate,  and  evaporated  almost  to  dryness.  The  residue  is  trans¬ 
ferred  with  3  or  4  washes  of  Skellysolve  B  to  a  50-ml.  Erlenmeyer 
flask,  f  19/22,  and  the  solution  is  again  evaporated  just  to  dry¬ 
ness.  To  the  flask  are  added  5.0  ml.  of  absolute  ethanol  and  then, 
while  the  flask  is  swirled,  1.0  ml.  of  concentrated  nitric  acid.  The 
flask,  attached  to  a  small  Liebig  condenser  by  means  of  lightly 
greased  interchangeable  joints,  is  then  set  in  a  steam  bath.  The 
alcoholic  solution  is  refluxed  for  exactly  3  minutes  from  the  time 
the  alcohol  begins  to  boil.  The  flask  is  taken  from  the  steam  bath, 
and  cooled  with  cold  water  while  still  connected  to  the  condenser. 
The  flask  is  then  removed,  stoppered,  and  kept  in  the  dark  while 
the  color  develops.  This  takes  a  minimum  of  15  minutes; 
longer  periods  do  not  affect  the  determination. 

The  nitric  acid  oxidation  of  tocopherol  results  in  the  formation 
of  a  red  tocopherolquinone.  Prior  to  making  the  colorimetric 
measurements,  lipoidal  constituents  of  plant  extracts  insoluble  in 
cold  alcohol  must  be  removed.  The  alcoholic  solution  is  filtered  on 
a  small,  dry,  sintered,  medium  porosity  Hirsch  funnel.  A  micro 
colorimeter  tube  is  placed  inside  a  suction  flask  with  the  tip  of  the 
funnel  just  inside  the  tube.  The  solution  is  rapidly  filtered  with 
minimum  suction  (pressure  filtration  may  also  be  used  for  this  op¬ 
eration),  the  funnel  being  kept  covered  with  a  watch  glass  to 
minimize  evaporation.  The  colorimeter  tube  is  then  removed  and 
stoppered. 

The  colorimetric  measurement  was  made  with  a  Fisher  Elec¬ 
trophotometer,  at  a  wave  length  of  480  m/i.  To  secure  this  wave 
length  a  Corning  filter  combination  consisting  of  one  No.  3389  and 
two  No.  4303  filters  is  used.  A  blank  composed  of  5.0  ml.  of  ab¬ 
solute  ethanol  and  1.0  ml.  of  concentrated  nitric  acid  is  the  ref¬ 
erence  solution.  Because  the  blank  slowly  darkens,  it  should  not 
stand  more  than  0.5  hour. 

A  standard  calibration  curve,  shown  in  Figure  1,  A,  was  made 
with  solutions  of  Merck  synthetic  a-tocopherol  in  Skellysolve  B. 
The  standard  solutions  were  evaporated,  oxidized  with  nitric 
acid,  and  filtered  as  described  previously. 

EMMERIE-ENGEL  PROCEDURE 

The  best  concentration  range  for  this  procedure  is  0.05  to  0.20 
mg.  It  is  more  convenient  to  purify  a  larger  sample  containing 
0.2  to  1.0  mg.  and  then  take  a  suitable  aliquot  for  the  final 
determination. 

A  Supercel-activated  magnesia  column  approximately  4.0  X 
2.0  cm.  is  prepared  as  described.  The  sample  is  adsorbed,  eluted, 
and  concentrated  as  in  the  Furter-Meyer  procedure.  After  the 
sample  is  shaken  for  3  minutes  with  1  to  2  ml.  of  85%  sulfuric 
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able  I.  E\7cm.  and  480  and  520  m'u  Values  for  Synthetic  a- 
and  Natural  a-  and  7-Tocopherols 

Furter-Meyer  ■  Emmerie-Engel 


Compound 

Method 

Method 

e}% 

B>1% 

C1  cm., 

1 

cm., 

Mg. 

480 

m/i 

Mg. 

420  mg. 

Synthetic  a-tocopherol 

1.0 

15.51 

15 . 5 

0.1 

238] 

►  238 

2.0 

15 . 5  J 

0.2 

238) 

Natural  a-tocopherol 

1.0 

16.51 

0.1 

2491 

2.0 

16. 3J 

16.4 

0.2 

234] 

►  343 

Natural  7-tocopherol 

1.0 

13.51 

13.9 

0.1 

174' 

152 

2.0 

14.21 

0.2 

130 

I 

.cid,  it  is  transferred  to  a  separatory  funnel  and  treated  as  de- 
cribed  above.  After  the  last  sodium  sulfate  wash,  as  much  aque- 
ius  solution  as  possible  is  removed  and,  without  drying,  the  puri- 
ied  Skellysolve  solution  is  run  into  a  100-ml.  volumetric  flask 
,nd  made  to  volume. 

A  25-ml.  aliquot  is  evaporated  almost  to  dryness  on  a  warm 
rater  bath  under  vacuum  and  nitrogen.  The  residue  is  dissolved 
n  10  ml.  of  chloroform  and  transferred  with  three  chloroform 
rashes  totaling  20  to  30  ml.  to  a  125-ml.  separatory  funnel.  To 
he  chloroform  solution  are  added  1.0  ml.  of  a  0.5%  a,a'-dipyridyl 
olution  in  absolute  ethanol  and  1.0  ml.  of  a  0.4%  ferric  chloride 
olution  in  absolute  ethanol.  The  reagents  are  run  down  the 
ides  of  the  funnel  to  minimize  mixing.  The  funnel  is  then 
•haken  vigorously,  approximately  10  ml.  distilled  water  are  added 
it  once,  and  the  funnel  is  again  shaken.  The  stopper  and  sides 
>f  the  funnel  are  then  rinsed  with  a  few  milliliters  of  absolute  alco- 
ioI.  Two  layers  form.  The  lower  chloroform  layer  is  discarded; 
•he  upper  aqueous  alcohol  layer,  which  contains  the  red  ferrous 
lipyridyl  color  complex,  is  run  into  a  25-ml.  volumetric  flask  and 
nade  to  volume  with  absolute  ethanol. 

The  time  for  color  development  is  10  minutes,  measured  from 
.he  time  the  reagents  are  first  mixed  with  the  tocopherol  solution. 
The  colorimetric  measurement  was  made  with  a  Fisher  Electro- 
ihotometer  at  520  mu,  obtained  by  a  combination  of  three  Corn- 
ng  filters,  one  No.  4380,  one  No.  4303,  and  one  No.  3384.  A 
dank  containing  10  ml.  of  distilled  water  diluted  to  25  ml.  with 
ibsolute  ethanol  is  used. 

A  calibration  curve  wras  made  with  Merck  synthetic  a-tocoph- 
;rol  in  Skellysolve  B  solution.  Suitable  aliquots  were  evapo¬ 
rated,  and  the  color  was  developed  as  described  above.  A  ferric 
:hloride-a,a'-dipryridyl  reagent  blank  obtained  in  the  same  man- 
ler  as  the  standards  wras  determined,  and  the  value  thus  ob- 
;ained  wras  deducted  from  the  standard  readings.  Calibration 
curves  obtained  before  and  after  deducting  the  reagent  blank  are 
shown  in  Figure  1,  B.  Either  calibration  curve  may  be  used. 

DISCUSSION  AND  RESULTS 

Effect  of  Tocopherol  Mixtures.  The  procedures  pre¬ 
sented  were  based  on  colorimetric  standardization  writh  Merck 
synthetic  a-tocopherol.  Baxter  et  al.  (1)  and  Hove  and  Hove  (7) 
have  shown  that  a-tocopherol  is  oxidized  more  rapidly  by  ferric 
chloride  than  are  the  beta  and  gamma  compounds.  On  the  other 
hand,  when  the  tocopherols  are  oxidized  to  the  red  o-quinone 
with  silver  nitrate,  this  order  is  reversed  ( 1 ) 

In  view'  of  the  fact  that  7-tocopherol  might  be  present  in  plant 
tissue  and  that  the  synthetic  and  natural  tocopherols  might  be¬ 
have  differently,  the  E^°m and  480  and  520  m/i  values  for  synthetic 
a-  and  natural  a-  and  7-tocopherols  were  determined  by  modi¬ 
fications  of  the  Furter-Meyer  and  Emmerie-Engel  procedures 
(Table  I). 

The  values  obtained  by  both  methods  for  synthetic  and 

natural  a-tocopherol  agree  fairly  wTell,  the  result  for  natural 
tocopherol  being  about  5%  high  in  both  cases.  As  compared 
with  synthetic  a-tocopherol,  the  natural  gamma  compound  gave 
values  that  averaged  10%  low  by  the  Furter-Meyer  .and  35% 
low'  by  the  Emmerie-Engel  method.  Therefore  if  7-tocopherol 
were  present  in  appreciable  quantity  in  leaf  material,  the  error  in 
colorimetry  alone  would  be  serious,  especially  in  the  Emmerie- 
Engel  determination.  As  is  shown  below,  in  most  cases  results 


by  the  two  procedures  were  in  close  agreement,  indicating  that 
there  was  little,  if  any,  7-tocopherol  in  the  products  studied. 

In  this  connection,  recent  papers  by  Hove  and  Hove  (7)  and 
Fisher  ( 4 )  describe  the  determination  of  a-tocopherol  in  the 
presence  of  the  beta  and  gamma  compounds.  It  is  possible  that 
these  procedures  in  conjunction  with  the  methods  described  here 
may  be  used  to  determine  the  individual  tocopherol  compounds 
present  in  plant  tissue. 

Removal  of  Pigments.  Passage  of  the  extract  through 
activated  magnesia  not  only  effectively  removes  the  chlorophyll 
and  xanthophyll  but  allows  quantitative  elution  of  the  tocopherol, 
together  with  the  carotene.  Table  II  show's  the  results  of  ad¬ 
sorption  experiments  w'ith  synthetic  a-  and  natural  a-  and  7- 
tocopherols.  After  elution  writh  the  acetone-Skellysolve  B  solu¬ 
tions  described  previously,  the  colorimetric  determination  was 
made  by  the  Furter-Meyer  method,  individual  calibration  curves 
prepared  from  each  tocopherol  compound  being  used.  The  re¬ 
sults  indicate  that  all  the  tocopherols  can  be  eluted  quantita¬ 
tively  from  the  magnesia  adsorbent. 


Table  II.  Effect  of  Adsorption  and  Acid  Treatment  on  Recovery  of 
Synthetic  a-  and  Natural  a-  and  7-Tocopherols 


Compound 

Taken 

Adsorption 

Found 

Recov¬ 

ery 

Sulfuric  Acid  Treatment 
Recov- 

Taken  Found  ery 

Mg. 

Mg. 

% 

Mg. 

Mg. 

% 

Synthetic  a-tocopherol 

2.00 

2.00 

100 

2.0 

1.90 

95.0 

Natural  a-tocopherol 

2.00 

2.03 

101.0 

2.0 

1.95 

97.5 

Natural  7-tocopherol 

2.00 

2.05 

102.5 

2.0 

1.90 

95.0 

Attempts  at  separating  carotene  from  tocopherol  by  adsorp¬ 
tion  on  Florisil  from  benzene  solution  were  unsuccessful.  The 
quantities  of  carotene  and  other  lipoids  are  much  larger  in  leaf 
extracts  than  in  oil  and  animal  tissue  extracts,  which  have  been 
successfully  treated  with  Florisil. 

Carotene  is  removed  in  both  methods  by  85%  (by  volume) 
sulfuric  acid.  Parker  and  McFarlane  {11)  used  85%  by  w'eight 
sulfuric  acid  to  remove  the  small  quantities  of  carotenoids 
present  in  oils.  In  order  to  remove  the  carotene  quantitatively, 
it  is  necessary  to  W'ork  with  a  concentrated  solution,  which  must  be 
vigorously  shaken  with  the  acid.  Under  these  circumstances  the 
sulfuric  acid  rapidly  decomposes  the  carotene,  and  the  resultant 
petroleum  ether  solution  is  colorless.  Tocopherol  losses  in  this 
case  are  low.  If  the  solution  is  not  concentrated,  prolonged 
shaking  with  the  acid  is  required.  Often  much  larger  quantities 
of  acid  are  necessary.  The  tocopherol  losses  in  this  case 
amounted  to  25  to  50%  w'ith  the  Emmerie-Engel  procedure, 
probably  due  to  oxidation;  they  were  somewhat  lower  with  the 
Furter-Meyer  method.  Table  II  shows  the  effect  of  the  85% 
sulfuric  acid  treatment  on  the  recovery  of  snythetic  a-  and 
natural  a-  and  7-tocopherols.  The  acid  treatment  was  identical 
with  the  procedure  described  above.  The  colorimetric  de¬ 
termination  was  made  by  the  Furter-Meyer  method,  individual 
calibration  curves  being  used.  The  results  show  that  the  acid 
treatment  caused  a  maximum  loss  of  5%. 

According  to  Scudi  and  Buhs  (13),  treatment  with  85%  sul¬ 
furic  acid  also  removes  tocopherolquinones,  w'hich  would  other¬ 
wise  be  included  with  tocopherol  values  by  the  Furter-Meyer 
method.  The  authors’  observations  with  pure  a-tocopherol- 
quinone  confirm  this.  Water-soluble  polyphenols,  if  present,  are 
removed  by  the  water  and  alkali  shakings  subsequent  to  the  treat¬ 
ment  of  the  extract  with  85%  sulfuric  acid. 

Effect  of  Unknown  Lipoidal  Interferences.  After  the 
acid  treatment,  the  only  subsequent  interference  observed  in  the 
Furter-Meyer  procedure  came  from  lipoidal  compounds  insoluble 
in  cold  ethanol.  When  nitric  acid  is  added  to  the  ethanol  con¬ 
taining  the  tocopherols,  and  the  solution  boiled,  a  clear  red 
product  is  obtained.  On  cooling,  however,  a  considerable 
quantity  of  material  is  usually  precipitated.  The  solution  thus 
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becomes  turbid  and  colorimetric  readings  taken  with  such  a  solu¬ 
tion  would  be  erroneous.  These  lipoids  are  easily  removed  by 
filtration,  leaving  a  clear  solution.  In  the  Emmerie-Engel 
procedure,  several  interfering  substances  of  unknown  nature  are 
left  after  adsorption  and  acid  and  alkali  treatments.  One 
source  of  interference  is  a  lipoid  which  slowly  reduces  iron. 


Density 

Figure  1.  Calibration  Curve  for  Determination  of 
Tocopherol 

Purified  plant  extracts  transferred  to  alcohol  and  then  reacted 
with  the  Emmerie-Engel  reagents  reduced  the  iron  at  a  slow  rate 
for  periods  up  to  2  or  3  hours.  Under  the  same  circumstances 
pure  tocopherol  gave  a  constant  reading  in  10  minutes.  The 
slow  reduction  of  iron  was  not  linear,  for  extracts  containing 
twice  the  quantity  of  sample  gave  results  150  to  200%  higher  than 
the  calculated  results.  The  same  effect  was  noted  when  pure 
tocopherol  was  added  to  a  plant  extract,  the  tocopherol  recovery 
being  150  to  200%  higher  than  the  calculated  value.  The  inter¬ 
fering  lipoids  may  be  plant  sterols,  for  Devlin  and  Mattill  (2) 
working  with  muscle  extracts  noted  the  same  type  of  interfer¬ 
ence  with  the  Emmerie-Engel  procedure  and  traced  the  effect  to 
cholesterol.  The  authors  completely  eliminated  this  source  of 
interference  by  immediately  transferring  the  colored  dipyridyl 
complex  to  an  aqueous  medium,  thus  taking  the  lipoidal  reducing 
substances  out  of  contact  with  the  iron.  Pure  a-tocopherol  re¬ 
duced  the  iron  immediately.  Experiments  with  pure  tocopherol 
solutions  treated  in  this  manner  gave  practically  quantitative 
recovery. 

Still  another  type  of  interference  was  noted  with  certain  plant 
extracts,  particularly  beet  and  rhubarb  extracts.  Recovery  of 
tocopherol  added  to  these  extracts  and  carried  through  the  whole 
procedure  was  consistently  low.  When  tocopherol  was  added 
directly  to  the  extract  after  purification  of  the  sample,  the  re¬ 
covery  was  still  low.  Working  on  the  assumption  that  some  con¬ 
stituent  of  the  purified  extract  was  forming  a  complex  with  the 
ferric  ion,  the  concentration  of  the  iron  reagent  was  doubled 
(from  0.2  to  0.4%),  the  quantity  of  sample  used  for  the  final 
tocopherol  determination  being  kept  at  a  minimum.  This 
technique  resulted  in  greatly  improved  tocopherol  recoveries  and 
was  adopted  for  all  plant  extracts. 

Since  the  high  blank  shown  in  Figure  1,  B,  may  have  been  due 
to  the  exposure  to  suffused  light  during  the  manipulation  or  to 
the  higher  concentration  of  ferric  chloride,  these  two  factors  were 
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examined.  The  densities  of  blank  solutions  prepared  in  the  con¬ 
ventional  manner  were  compared  with  those  of  solutions  so 
handled  that  there  was  no  exposure  to  light.  The  results  in  both 
cases  were  identical. 

To  determine  the  effect  of  ferric  chloride  concentration,  a 
series  of  pure  synthetic  u-tocopherol  standards  was  run  by  the 
conventional  procedure,  using  in  one  case  1  ml.  of  0.2%  and  in 
the  other  1  ml.  of  0.4%  ferric  chloride  solution.  The  results  are 
shown  in  Table  III. 

It  is  apparent  that  the  increased  blank  is  due  to  the  higher 
ferric  chloride  concentration.  If  the  blanks  are  deducted,  the 
results  with  either  concentration  are  in  good  agreement.  Al¬ 
though  a  large  blank  is  generally  undesirable,  it  is  necessary  to 
use  the  high  ferric  chloride  concentration  for  reasons  explained 
above,  and  apparently  there  is  no  loss  of  accuracy. 

Recovery  of  Tocopherol.  Recovery  of  synthetic  a- 
tocopherol  added  to  plant  extracts  and  carried  through  the  entire 
procedures  is  shown  in  Table  IV.  In  most  cases  recovery  of 
tocopherol  added  to  a  vsdde  variety  of  vegetable  leaf  extracts  was 
satisfactory,  averaging  about  95%  with  both  methods. 

Recovery  of  tocopherol  added  to  a  plant  extract  is  probably 
more  a  measure  of  the  precision  of  the  method  than  of  its  intrinsic 
accuracy.  The  fact  that  tocopherol  is  determined  rather  ac¬ 
curately  by  the  two  methods  is  shown  by  the  fairly  good  agree¬ 
ment  of  values  obtained  by  them  on  the  same  plant  materials 
(Table  V).  With  a  few  exceptions,  the  two  methods  give  results 
checking  within  ±5  to  10%.  In  those  few  cases  in  which  there  is 
a  large  discrepancy,  the  values  obtained  by  the  Furter-Meyer 
method  are  probably  more  reliable,  since  this  determination  is 
based  on  a  reaction  relatively  specific  for  tocopherol. 

Only  a  few  analyses  reported  in  the  literature  compare  the 
results  obtained  by  the  Furter-Meyer  and  the  Emmerie-Engel 
procedures  on  biological  material.  Morton  (10)  quotes  an  analy¬ 
sis  of  an  oil  in  which  the  Furter-Meyer  result  was  400%  higher 


Table  III. 

Effect  of  Iron  Concentration 

on  Reagent  Blanks  Found 

with  Emmerie-Engel  Method 

0.2%  Ferric  Chloride 

0.4%  Ferric  Chloride 

Density 

Density 

(blank  de- 

(blank  de- 

Tocopherol 

Density 

ducted) 

Density 

ducted) 

0 

0.08 

0.00 

'  0.15 

0.00 

50 

0.21 

0.13 

0.27 

0.12 

100 

0.32 

0.24 

0.38 

0.23 

200 

0.55 

0.47 

0.61 

0.46 

Table  IV. 

Recovery  of 

a-TocopheroI 

Added  to 

Plant  Extracts 

Tocopherol  in  Sample 

Plus  1.0  Me. 

of  Added 

Tocopherol 

Total 

Dry  Leaf 

Tocopherol 

Calculated 

Observed 

Tocopherol 

Sample 

in  Sample 

value 

value 

Recovered 

Mg. 

Mg. 

Mg. 

% 

Furter-Meyer  Method 

Alfalfa 

0.47 

1.47 

1.38 

93.8 

Beet 

1.19 

2.19 

2.04 

93.0 

Broccoli 

1.25 

2.25 

2.22 

98.6 

Kale 

0.91 

1.91 

1.80 

94.2 

Lima  bean 

1.79 

2.79 

2.68 

96.0 

Rhubarb 

2.74 

3.74 

3.64 

97.3 

Spinach 

1.29 

2.29 

2.24 

97.8 

Turnip 

0.85 

1.85 

1.78 

96.2 

Av.  95 . 8 

Emmerie-Engel  Method 

Plus  62.5  >  Added  Tocoph- 

erol 

7 

7 

7 

Alfalfa 

65.0 

127.5 

133.0 

104.3 

Beet 

89.0 

151.5 

147.0 

97.0 

Broccoli 

100.0 

162.5 

149.0 

91.7 

Kale 

97.0 

159.5 

144.0 

90.0 

Lima  bean 

175.0 

237.5 

221.0 

93.0 

Rhubarb 

150.0 

212.5 

213.0 

100.2 

Spinach 

100.0 

162.5 

155.0 

95.3 

Turnip 

88.0 

150.5 

152.0 

100.9 

Av.  96.5 

[arch,  1946 


ANALYTICAL  EDITION 


201 


Table  V.  Tocopherol  Content  of  Vegetable  Tissues 

Sample  Furter-Meyer  Emmerie-Engel 

Mg.  per  gram 


Alfalfa  leaf  meal 

0.23 

0.26 

Beet  leaf  meal 

0.44 

0.71 

Broccoli  leaf  meal 

0.39 

0.42 

Kale  leaf  meal 

0.36 

0.39 

Lima  bean  leaf  meal 

0.72 

0.70 

Rhubarb  leaf  meal 

1.24 

1.20 

Spinach  leaf  meal 

0.42 

0.40 

Turnip  leaf  meal 

0.34 

0.30 

Mash,  5%  alfalfa 

0.02 

Mash,  2.5%  broccoli 

0.02 

Scratch  corn 

0.00 

Fresh  carrot  root 

O'  14" 

0.13“ 

Fresh  carrot  top 

0 . 79“ 

0 . 56“ 

Frozen  spinach 

0.47“ 

0.43° 

°  Calculated  on  moisture-free  basis. 


han  the  Emmerie-Engel  value.  Hickman  et  al.  (6)  report  an 
nalysis  of  a  mixture  of  foods  in  which  the  Furter-Meyer  value 
•as  1400%  higher  than  the  Emmerie-Engel  result.  These  ex- 
reme  discrepancies  are  undoubtedly  due  to  insufficient  purifica- 
ion  of  the  extracts  prior  to  color  measurement. 

The  Emmerie-Engel  procedure  is  much  more  sensitive  than  the 
'urter-Meyer,  and  hence  is  more  convenient  for  low  potency 
amples. 

SUMMARY 

The  Furter-Meyer  and  Emmerie-Engel  methods  for  determina- 
ion  of  tocopherol  have  been  applied  to  plant  extracts.  In  both 
ases,  dry  plant  materials  are  extracted  with  Skellysolve  B,  and 
resh  materials  with  an  ethanol-petroleum  ether  solution,  the 
Icohol  then  being  removed.  It  is  necessary  to  purify  the  sam- 
>le  before  the  final  estimation  can  be  made.  Chlorophyll  and 
:anthophyll  are  separated  from  tocopherols  by  adsorption  on  a 
lupercel-activated  magnesia  column.  Carotene  and  tocoph- 
rolquinones  are  then  destroyed  by  treatment  with  85%  sul- 
uric  acid. 

In  the  Furter-Meyer  procedure  the  tocopherols  are  finally 
ransferred  to  ethanol  solution,  oxidized  with  nitric  acid,  and, 
liter  removal  of  ethanol-insoluble  lipoids,  determined  with  a 
>hotoelectric  colorimeter  at  480  mp. 


In  the  Emmerie-Engel  procedure  the  tocopherols  are  finally 
dissolved  in  chloroform,  and  reacted  with  the  ferric  chloride-a,a'- 
dipyridyl  reagent.  The  pink  ferrous  dipyridyl  complex  is  im¬ 
mediately  transferred  to  aqueous  solution  to  prevent  further  re¬ 
duction  of  the  iron  by  a  slowly  reducing  fat-soluble  compound. 
The  colorimetric  determination  is  carried  out  at  520  m^i  in  a 
photoelectric  colorimeter.  and  480  and  520  values  ob¬ 

tained  by  the  two  methods  with  synthetic  and  natural  a-tocoph- 
erols  agreed  within  5%.  The  values  for  natural  7-tocopherol 
were  10%  lower  by  the  Furter-Meyer  method  and  35%  lower  by 
the  Emmerie-Engel  method.  All  these  compounds  can  be 
quantitatively  eluted  from  a  magnesia-Supercel  adsorbent  and 
show  a  maximum  loss  of  5%  when  shaken  with  85%  sulfuric  acid. 

Tests  in  which  pure  synthetic  a-tocopherol  was  added  to  the 
extracts  and  carried  through  the  entire  procedure  showed  an 
average  recovery  of  95%  with  both  methods.  In  most  cases  the 
results  obtained  by  the  two  procedures  agreed  within  ±5  to  10%. 
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Method  of  Evaluating  Metal  Cleaners 

SAMUEL  SPRING,  HOWARD  I.  FORMAN,  AND  LOUISE  F.  PEALE,  Frankford  Arsenal,  Philadelphia,  Pa. 


A  quantitative  method  for  performance  evaluation  of  alkaline 
netal  cleaned  is  described  and  discussed.  Reproducibility  is 
ather  good.  The  method  involves  coating  of  metal  panels  with 
various  oils  by  a  specific  dipping  and  drainage  technique,  followed 
sy  a  carefully  controlled  cleaning  and  rinsing  procedure.  The 
sanels  are  covered  with  a  fine  spray  of  water,  which  condenses  as 
droplets  on  the  oil-covered  areas,  providing  a  pattern  that  re- 
nains  constant  for  a  sufficient  time  for  a  sketch  to  be  drawn  on 
3aper  divided  into  100  squares.  The  average  value  for  cleaned 
irea  of  5  panels  is  the  cleaning  efficiency  index.  Conditions  in- 
luencing  results  and  variations  in  the  procedure  are  discussed. 


THE  importance  of  having  an  adequate  method  for  evaluating 
alkaline  cleaners  for  the  removal  of  contaminants  from  metal 
surfaces  is  generally  agreed  upon.  Morgan  and  Lankier  made  an 
important  contribution  in  this  direction  (S)  in  1942  in  devising  a 
3emiquantitative  method  that  involved  photographing  fluorescent 
oil  residues  under  ultraviolet  light  after  a  standard  cleaning  proce¬ 
dure.  It  was  applied  specifically  to  the  removal  of  mineral  oil  by 
alkaline  salts  containing  a  surface-active  agent  of  the  sodium 


keryl  benzene  sulfonate  type  (#)•  This  procedure  is  rather  un¬ 
wieldy,  particularly  for  the  control  and  procurement  of  alkaline 
cleaners. 

The  “water-break”  method  has  been  used  for  a  long  time  as  a 
criterion  for  evaluating  metal  surface  cleanliness.  This  test  is 
based  on  the  ability  of  metal  surfaces  to  sustain  an  unbroken 
film  of  water  when  “chemically”  clean.  It  has  not  been  found 
adequate,  since  the  water-break  pattern  was  observed  to  be  de¬ 
pendent  on  the  thickness  of  the  water  film.  Smaller  and  smaller 
areas  sustaining  a  complete  water  film  were  obtained  as  the  water 
drained  from  the  panel.  As  these  areas  began  to  reach  a  more  or 
less  steady  state,  evaporation  of  the  water  became  a  factor  in 
obscuring  the  results.  As  a  result  of  these  factors,  evaluations 
performed  with  the  water-break  test,  as  normally  used,  did  not 
provide  an  adequate  estimate  of  the  efficiency  of  metal  cleaners. 

For  these  reasons,  a  method  has  been  devised  which  is  fairly 
simple  and  has  been  found  capable  of  yielding  results  of  good 
reproducibility. 

PROCEDURE 

Some  of  the  modifications  desirable  for  application  to  specific 
problems  are  obvious.  In  general,  the  method  used  at  the  arsenal 


202 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  18,  No.  3! 

with  a  viscosity  at  100°  F.  of  470  seconds  Saybolt  Universal  vis¬ 
cosity.  In  the  other  case,  the  coating  is  obtained  from  a  solution 
of  a  sulfurized  lard  oil,  containing  approximately  12%  sulfur,  dis¬ 
solved  in  toluene  to  the  extent  of  1  part  of  sulfurized  oil  to  9  parts 
of  toluene.  In  the  work  performed  with  this  procedure,  the  aver¬ 
age  weight  of  oil  on  each  panel  after  coating  with  mineral  oil  was 
0.283  gram  and  after  coating  with  sulfurized  fatty  oil  was  0.038 
gram.  Maximum  variations  were  =*=4%  for  the  mineral  oil  and 
±6%  for  the  sulfurized  fatty  oil,  with  the  great  majority  of  the 
weights  varying  from  the  average  by  no  more  than  2%. 

Alkaline  Salt  Solutions.  The  alkaline  salts  and  surface- 
active  agents  are  dissolved  in  water  to  make  2  liters  of  solution  of 
appropriate  concentration.  Solutions  of  1.5  or  3.0%  of  alkaline 
cleaner  are  usually  employed.  The  beaker  containing  the  solution 
is  heated  and  then  placed  in  a  constant-temperature  bath  in  which 
the  temperature  of  the  solution  is  maintained  at  60°  =*=  1°  C. 

Cleaning  and  Rinsing  Operations.  The  panel  holder  is  in-  » 
serted  through  a  cover  which  tends  to  reduce  evaporation,  and 
connected  to  a  small  motor  (Figure  2).  The  panel  is  positioned  in 
the  cleaner  so  that  at  least  2.5  cm.  (1  inch)  of  the  solution  are 
above  the  top  of  the  panel,  to  reduce  the  effect  of  temperature 
changes  near  the  surface.  The  motor  is  operated  at  10  r.p.m.  and 
the  cleaning  process  is  carried  on  for  5  minutes.  The  panel  is  then 
withdrawn  and  placed  in  a  tank  of  running  water  maintained  at. . 
50  0  C.  It  is  withdrawn  from  the  water  once  each  minute  during  a 
rinsing  period  of  5  minutes.  The  panel  is  then  rinsed  in  water  at 
room  temperature  for  1  minute  and  allowed  to  drain  for  1  minute. 

Quantitative  Evaluation.  A  fine  spray  of  water  is  directed 
at  the  panel  from  a  distance  of  approximately  60  cm.  (2  feet)  by 
means  of  an  atomizer  connected  to  a  compressed  air  line.  (The 
head  of  a  De  Vilbis  bulb  atomizer  was  attached  to  a  compressed 
air  line  equipped  with  a  reducing  valve.  A  small  spray  gun,  such 
as  is  used  for  spraying  paint,  was  also  employed.  The  air  is  fil¬ 
tered  through  glass  wool.)  The  oil-covered  regions  are  delineated 
by  the  condensation  upon  them  of  fine  droplets  of  water,  resulting 
in  a  pattern  which  remains  constant  for  at  least  20  minutes  (fig¬ 
ure  3).  These  are  then  sketched  on  paper  ruled  into  100  squares 
(Figure  4).  The  number  of  squares  covered  with  water  (no  drop¬ 
lets  condensed)  is  counted  for  each  side  of  the  panel.  The  results 
obtained  with  5  panels,  resulting  in  10  observations,  are  averaged 
and  this  is  called  the  cleaning  efficiency  index.  The  standard  de¬ 
viation  is  determined  by  the  formula: 


Standard  deviation  = 


Figure  1.  Coating  Technique 


d  =  deviation  of  individual  values  from  the  mean 
n  =  number  of  observations 


involves  coating  of  panels  by  a  controlled  dipping  and  drainage 
technique,  followed  by  carefully  controlled  cleaning  and  rinsing 
operations.  The  panels  are  then  subjected  to  a  fine  spray  of 
water,  which  has  the  effect  of  sharply  delineating  the  oil-covered 
regions.  Quantitative  estimation  is  made  by  sketching  this 
pattern  on  paper  divided  into  squares  and  counting  the  number 
of  squares  that  are  free  of  oil. 

Preparation  of  Panels.  The  panels  are  of  light-gage  metal, 
10  cm.  (4  inches)  square,  of  cold-rolled  SAE  1010  steel.  Cold- 
rolled  brass  or  aluminum  may  also  be  used.  Two  holes  are  drilled 
in  each  panel  to  enable  the  insertion  of  a  2-pronged  panel  holder 
(Figure  1)  which  maintains  the  panel  in  position  without  the  use 
of  nuts  and  bolts  or  similar  arrangements.  This*was  found  neces¬ 
sary  because  other  holders  trapped  some  of  the  oil,  w7hich  after¬ 
wards  spread  and  gave  erroneous  values.  The  steel  panels  are  de¬ 
greased  before  use  with  an  alkaline  silicate  plus  a  synthetic  deter¬ 
gent  and  rinsed  with  water  until  a  complete  water  film  is  sus¬ 
tained.  They  are  then  pickled  at  room  temperature,  for  1  minute, 
in  6  A  hydrochloric  acid  containing  a  small  amount  of  wetting 
agent,  rinsed  in  running  cold  water  for  a  short  time,  given  two 
successive  rinses  in  hot  alcohol  containing  1%  ammonia  (70°  to 
80  °  C.),  air-dried,  and  stored  in  an  evacuated  desiccator  until  used. 

Coating  of  Panels.  The  panel  is  immersed  in  the  oil  to  about 
half  its  height.  The  container  is  tilted -so  that  the  entire  panel 
is  covered  with  oil  and  then  returned  to  an  upright  position  such 
that  the  excess  of  oil  drains  from  around  the  holes  in  the  panel. 
The  panel  holder  prongs  are  inserted  and  the  panel  is  hung  in  a 
rack  at  a  45°  angle  (see  Figure  1). 

The  panels  are  allowed  to  drain  at  25°  ±  2°  C.  for  1  hour.  The 
globule  of  oil  that  remains  on  the  bottom  corner  is  removed.  The 
panels  should  be  shielded  from  drafts  during  the  drainage  period. 

It  is  desirable  to  determine  the  weight  of  oil  on  individual  pan¬ 
els  at  frequent  intervals  to  ensure  control  over  these  conditions. 

Two  oils  are  used  for  coating  panels.  In  one  case,  the  coating 
is  obtained  from  a  hydraulic  mineral  oil  of  high  viscosity  index. 


Individual  values  deviating  from  the  mean  by  more  than  three 
times  the  standard  deviation  are  discarded.  The  entire  determi¬ 
nation  is  discarded  wrhen  the  standard  deviation  is  greater  than  9. 
A  large  value  for  the  standard  deviation  wras  found  to  be  due  tc 


Figure  2.  Assembly  before  Test 
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Figure  3.  Test  Panels 

1.  Poor  cleaning  (cleaning  index  6)  2.  Fair  cleaning  (cleaning  index  73)  3.  Fair  to  good  cleaning  (cleaning  index  88)  4.  Good  cleaning  (cleaning  index  94) 


Table  I.  Effect  of  Surface  Smoothness  of  Aluminum  Panels 

Cleaning  Index 
Aluminum  Aluminum 

Oil 


Light  mineral  oil 

Heavy  mineral  oil  in  toluene  (1  to  3) 
Lard  oil  (Prime  No.  1) 

Sulfurized  mineral  oil 
Sulfurized  fatty-mineral  oil 
Sulfurized  fatty  base  in  mineral  oil 


(mirror  finish) 
99 
97 

94 

95 
88 
84 


(roughened) 

89 

11 

17 

23 

2 

11 


ariations  in  the  temperature  of  the  room  during  the  drainage  of 
il  from  the  panels.  The  frequency  of  this  occurrence,  however,  is 
ot  sufficient  to  interfere  with  the  usefulness  of  the  method. 

DISCUSSION 

Selection  of  Panels.  The  surface  condition  of  metal  panels 
as  a  considerable  bearing  on  cleaning  efficiency.  In  utilizing  this 
ist  to  solve  specific  problems,  therefore,  panels  should  be  selected 
ith  surfaces  similar  to  those  involved  in  the  problem.  So  far 
s  the  test  itself  is  concerned,  the  conditions  listed  above  are  out 
f  the  critical  range  for  surface  variations. 

Coating  of  Panels.  It  was  observed  that  the  ease  of  removal 
f  oil  from  the  panels  was  dependent  to  some  extent  upon  the  oil 
lm  that  was  used.  Thus,  specific  differences  were  observed  be- 
vveen  sulfurized  fatty  base  oils  and  mineral  or  lard  oils  under 
ertain  conditions.  Another  very  important  factor  was  the  vis- 
osity  of  the  oil  used.  It  may  be  seen  from  Table  II  that  the  ease 
If  oil  removal  decreased  as  the  viscosity  of  the  oil  and  the  weight 
f  oil  on  the  panel  increased.  The  distribution  of  oil  on  each  of 
he  panels  is  not  uniform,  since  during  the  drainage  period  a 
reater  amount  of  oil  is  concentrated  on  the  lower  portion  of  the 
>anel.  In  a  great  many  tests,  however,  it  was  ob- 
erved  that  results  were  not  consistently  poorer  for 
he  lower  half  of  the  panel  than  for  the  top  half, 
ven  though  approximately  two  thirds  of  the  total 
■il  was  on  the  bottom  half  of  the  panel. 

One  of  the  factors  that  controlled  the  reproduci- 
)ility  of  results  to  a  great  extent,  in  utilizing  the 
hove  coating  procedure,  was  the  temperature  at 
rhich  the  excess  oil  was  drained  from  the  panel, 
n  order  to  obviate  difficulties  due  to  this,  it  was 
ound  necessary  to  maintain  the  drainage  tempera- 
urc  within  ±2°  C.  at  25°  C.  during  the  1-hour 
icriod.  Examination  of  the  data  in  Table  III  indi¬ 
cates  that  in  this  range  the  temperature  effect  is  less 
han  that  due  to  random  variables.  Lower  tempera- 
ures  resulted  in  erratic  results ;  higher  temperatures 
n  bitter  results  which  were  reproducible.  After 
■onsiderable  experience  with  a  particular  set  of 
conditions,  it  should  be  possible  to  apply  a  correc¬ 


tion  factor  for  various  room  temperatures  during  the  hour-long 
drainage  period. 

Cleaning  and  Rinsing  Operations.  A  temperature  of  60  °  C. 
(140°  F.)  was  utilized  in  the  procedure.  This  temperature  is 
somewhat  lower  than  that  recorded  for  most  industrial  cleaning 
operations,  although  it  is  not  uncommon  for  the  temperature  of 
production  cleaning  tanks  to  drop  to  this  level.  Cleaning  effi¬ 
ciency  improved  rapidly  as  the  temperature  of  cleaning  was  in¬ 
creased  above  60°  C.  This  tended  to  obscure  differences  among 
cleaners  and  the  various  factors  affecting  cleaning. 

The  effect  of  agitation,  up  to  36  revolutions  per  minute,  was 
found  to  be  fairly  small.  Generally,  the  effect  of  concentration  of 
alkali  was  considerable  up  to  a  minimal  value,  beyond  which 
large  increases  in  concentration  caused  relatively  small  improve¬ 
ments  in  cleaning  efficiency.  The  concentration  of  3%  alkaline 
salts  in  the  above  procedure  was  found  to  be  above  this  minimum 
concentration  for  most  conditions.  Lower  concentrations  of  al¬ 
kaline  salts  tended  to  accentuate  differences  among  surface-active 
agents. 


Tabic  II.  Effect  of  Viscosity  of  Mineral  Oil  on  Cleaning  Efficiency 

- .  —  •  ”  '  No.  of 

Determinations 

2 
7 
6 

ZOO  iJU  6 

Cleaner,  3%  sodium  orthosilicate  plus  0.15%  sodium  keryl  benzene  sulfon¬ 
ate  (40%). 

Conditions,  60°  C.,  10  r.p.m.,  5  minutes. 


Viscosity  at 

Cleaning 

Weight  of  Oil 

100°  F. 

Index 

on  Each  Panel 

Sec.  S.U.V. 

Gram 

970 

11 

0.454 

651 

42 

0.378 

456 

55 

0.336 

283 

95 

0.265 

T 

l 

OIL 

/ 

j 

WAT 

iR 

Figure  4.  Cleaning  Results 
Left.  Cleaning  index  73  (fair).  Right.  Cleaning  index  94  (good) 
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Table  III. 

Medium 

Typical  Reprodu 

Mineral  Oila 

cibility  Data 

Sulfurized  Fatty  Oil  Base*1 

Temp., 

Cleaning 

efficiency 

Standard 

Cleaning 

efficiency 

Standard 

°  C. 

index 

deviation 

index 

deviation 

1 

25 

56 

6 

80 

9 

2 

25 

53 

5 

86 

8 

3 

23 

55 

5 

85 

5 

4 

24 

53 

3 

81 

6 

24 

55 

5 

83 

6 

6 

26 

56 

8 

85 

6 

a  Mineral  oil  of  high  viscosity  index.  Viscosity  470  sec.  per  100°  F. 
S.U.V.  Av.  weight  0.283  gram. 

b  Sulfurized  fatty  oil  in  toluene  (1  to  9).  Av.  weight  0.038  gram.  Tem¬ 
perature  between  23°  and  27°  C. 

Cleaner,  3%  sodium  orthosilicate  plus  0.15%  sodium  keryl  benzene  sul¬ 
fonate  (40%).  Conditions,  5  minutes,  10  r.p.m.,  60°  C. 


Variations  in  the  rinse-water  temperature  were  found  to  be  not 
very  important.  In  the  procedure  a  fairly  long  rinsing  time  is 
provided  at  a  fairly  high  temperature.  Under  these  conditions  it 
was  found  unnecessary  to  dip  the  panels  in  dilute  acid,  prior  to 
the  evaluation,  to  avoid  “false  water  film  continuity”  (1 )  due  to 
the  presence  of  some  of  the  surface-active  agent.  The  main  reason 
for  eliminating  the  acid  rinse  was  that  rusting  of  the  panel  de¬ 
veloped  after  this  rinse  and  tended  to  obscure  the  patterns  of  oil- 
covered  areas  that  were  being  sketched. 

Evaluation  and  Reproducibility.  While  the  spraying  of 
the  panel  with  water  is  not  extremely  critical,  care  should  be  exer¬ 
cised  to  prevent  its  becoming  drenched  with  a  large  excess  of 
water.  Two  or  three  fairly  slow  passes  with  a  fine  spray  of  water 
appear  to  be  optimum.  It  is  also  desirable  to  avoid  having  the 


water  under  very  high  pressure  or  the  spray  source  close  to  the 
panel. 

One  possible  source  of  a  subjective  error  lies  in  the  sketching  of 
the  pattern  of  oil-covered  areas  disclosed  by  the  condensation  of 
the  spray  of  water.  Comparison  of  the  values  obtained  with  three 
different  operators,  on  a  number  of  occasions,  indicated  that  this 
error  was  rather  small,  being  less  than  2%.  For  operators  who 
might  have  difficulty  in  this  evaluation,  it  is  possible  to  provide 
assistance  in  the  form  of  a  viewing  screen  divided  into  100  squares 
or  some  similar  arrangement. 

Some  reproducibility  data,  obtained  on  different  days  over  a 
period  of  several  months,  are  listed  in  Table  III.  The  values  for 
cleaning  index  fall  well  within  the  range  to  be  anticipated  from 
the  magnitude  of  the  standard  deviation. 

Appreciation  is  expressed  to  Lt.  Col.  C.  H.  Greenall,  officer-in¬ 
charge,  Maj.  W.  W.  Culbertson,  research  officer,  C.  C.  Fawcett, 
associate  director,  and  E.  R.  Rechel,  chief  of  the  Chemical  Re¬ 
search  Section  of  Frankford  Arsenal  Laboratory,  as  well  as  the 
Ordnance  Department,  for  permission  to  publish  this  paper. 
Special  thanks  are  due  J.  W.  Mitchell  for  his  helpful  review  of  the 
paper. 
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Fluorometric  Attachment  for  the  Beckman  Spectrophotometer 

MARY  H.  FLETCHER,  CHARLES  E.  WHITE1,  and  MILTON  S.  SHEFTEL2 
Eastern  Experiment  Station,  Bureau  of  Mines,  College  Park,  Md. 


A  fluorometric  attachment  for  the  Beckman  spectrophotometer  for 
use  in  the  measurement  of  fluorescence  in  solutions  consists  of  a 
light-tight  ceil  compartment  equipped  with  suitable  filters  and  a  lamp 
housing.  It  uses  the  receiving  and  amplifying  systems  of  the  Beck¬ 
man  instrument.  General  Electric  B-H-4  mercury  lamp  is  light 
source.  Lamp  emission  is  controlled  by  Sola  constant-voltage  trans¬ 
former  No.  30,852  and  by  proper  ventilation  of  lamp  housing. 

MEASUREMENT  of  the  fluorescence  of  solutions  as  an 
analytical  procedure  has  been  confined  primarily  to  the 
field  of  vitamin  chemistry,  and  for  this  reason,  most  commercial 
fluorometers  have  been  designed  for  use  with  the  brilliantly 
fluorescing  solutions  encountered  in  this  field.  For  weakly 
fluorescing  solutions,  such  as  those  encountered  in  the  deter¬ 
mination  of  beryllium  (2),  the  commercial  instruments  at  hand 
proved  to  be  insufficiently  sensitive  for  an  accurate  measurement. 
Since  a  Beckman  spectrophotometer  was  available,  it  was  de¬ 
cided  to  adapt  it  for  use  with  these  solutions. 

The  receiving  and  amplifying  system  of  the  Beckman  instru¬ 
ment  ( 1 )  possessed  the  desired  characteristics  with  respect  to 
sensitivity  and  range,  and  consequently  it  could  be  used  with  a 
minimum  of  change.  All  that  was  needed  to  make  it  operative 
was  the  addition  of  a  source  of  ultraviolet  light  and  a  compart¬ 
ment  for  holding  the  optical  cell  and  filters. 

An  attachment  which  consisted  of  a  light-tight  cell  compart¬ 
ment  and  a  ventilated  lamp  housing  was  built  from  sheet  brass. 
The  interior  of  the  cell  compartment  was  painted  with  a  non- 
fiuorescent  fiat  black  paint.  The  principal  parts  are  shown  in 
Figures  1  and  2.  The  original  cell  compartment  was  removed 
from  the  Beckman  instrument  and  replaced  by  the  attachment, 
the  cell  compartment  of  which  was  bolted  to  the  original  photo- 

1  Address,  University  of  Maryland,  College  Park,  Md. 

2  Present  address,  Gering  Products  Co.,  Kenilworth,  N.  J. 


tube  housing.  The  arrangement  is  shown  in  Figure  1,  in  which  1 
is  the  lamp  housing,  2  the  cell  compartment,  3  the  phototube 
housing,  4  the  Beckman  spectrophotometer,  5  the  ventilating  fan, 
and  6  the  ventilating  louvers.  The  ventilating  louvers  occupy 
two  of  the  outer  adjacent  sides  and  the  top  of  the  lamp  housing 
section.  An  opening  is  provided  on  the  third  side  to  permit  a 
connection  with  the  fan.  Figure  2  is  a  plan  view  (covers  re¬ 
moved)  of  the  fluorometric  attachment  and  shows  the  relative 
positions  of  the  various  parts  of  the  instrument. 

The  light  source,  a  General  Electric  B-H-4  mercury  lamp, 
was  chosen  because  previous  experience  had  shown  it  to  be  gener¬ 
ally  satisfactory.  Another  possible  light  source,  the  hydrogen 
discharge  tube  furnished  with  the  Beckman  instrument,  was 
tried  on  the  beryllium-quinizarin  solutions  and  proved  unsatis¬ 
factory  because  of  the  very  low  intensity  of  the  exciting  wave 
lengths.  On  the  other  hand,  the  B-H-4  lamp  because  of  its  strong 
emission  at  3650  A.  is  an  excellent  light  source  and  provides  an 
intense  radiation  of  the  proper  wave  lengths  for  an  efficient  ex¬ 
citation  of  fluorescence  in  solutions  of  the  type  under  considera¬ 
tion. 

The  emission  of  the  mercury  lamp  is  influenced  by  the  voltage 
and  ambient  temperature  of  the  lamp;  therefore,  to  ensure  con¬ 
stant  emission,  both  voltage  and  temperature  regulation  on  the 
lamp  Were  found  necessary.  For  the  former,  a  Sola  constant- 
voltage  transformer  No.  30,852  specifically  designed  for  use  with 
the  H-4  lamp  was  employed.  For  the  latter,  an  Eastman  dark¬ 
room  ventilating  fan,  Model  A,  was  used. 


Input  Voltage 

Table  1.  Stability 

Reading  for  22.4 
Mierograms  of  BeO 
in  25  Ml.  of 

Solution 

Reading  for  11.2 
Micrograms  of  BeO 
in  25  Ml.  of 
Solution 

110 

98.0 

46.8 

120 

101.4 

49.0 

130 

103.8 

50.0 

Spread,  20  volts 

5.8  scale  divisions 

3.2  scale  divisions 
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The  stability  of  the  instrument  accompanying  large  changes 
1  input  voltage  is  illustrated  by  Table  I.  These  data  were  ob- 
lined  by  varying  the  input  voltage  to  the  Sola  transformer  by 
leans  of  an  autotransformer  connected  to  the  line,  and  noting 
he  change  in  the  phototube  response  to  two  of  the  beryllium- 
uinizarin  standards. 

In  the  case  of  the  stronger  solution,  a  difference  of  5.8  scale  divi- 
ions  resulted  from  a  change  of  20  volts.  This  change  would 
orrespond  to  0.81  microgram  of  beryllium  oxide  (value  obtained 
•om  working  curve,  micrograms  of  BeO  versus  Beckman  scale  read- 
lg),  which  is  3.6%  of  the  amount  measured,  or  an  error  of  0.18% 


Figure  2.  Fluorometric  Attachment 


1. 

Lamp  housing 

3. 

Phototube  housing 

a. 

Louvers 

h.  Phototube 

b. 

,B-H-4  mercury  lamp 

4. 

Beckman  spectrophotometer 

c. 

Filter  for  absorbing  visible  light 

5. 

Fan 

2. 

Cell  compartment 

6. 

Electrical  cables 

d. 

Filter  for  absorbing  ultraviolet  light 

e. 

Brass  diaphragm 

f. 

Optical  cell 

g. 

Guide  for  optical  cell 

per  volt.  For  the  weaker  solu¬ 
tion,  the  difference  of  3.2  scale 
divisions  corresponds  to  0.90 
microgram  of  beryllium  oxide, 
which  is  8.1%  of  the  amount 
present,  or  an  error  of  0.4%  per 
volt.  These  figures  are  given 
merely  to  show  the  performance 
of  the  setup  under  extreme  con¬ 
ditions  and  do  not  represent  the 
results  obtained  in  normal  oper¬ 
ation.  There  was  no  measurable 
lag  between  voltage  change  and 
change  in  reading. 

Proper  ventilation  of  the  lamp 
housing  provides  satisfactory 
control  for  the  lamp  tempera¬ 
ture,  and  equilibrium  is  gener¬ 
ally  reached  after  a  half-hour 
warm-up  period. 

In  all  fluorometers  certain 
problems  of  light  filtration  exist. 
Visible  light  should  be  excluded 
from  the  cell  compartment,  and 
ultraviolet  light  should  be  ex¬ 
cluded  from  the  phototube,  yet  the  fluorescent  light  must  pass 
freely  to  the  phototube. 

In  the  present  case  the  combination  of  filters  chosen  (Corning 
Nos.  5874  and  3486),  together  with  the  blue  sensitive  phototube, 
have  the  characteristics  necessary  to  permit  measurement  of  the 
fluorescence.  The  primary  filter  (Corning  5874)  eliminates  all 
light  lying  between  4100  and  7000  A.  from  the  exciting  radiation; 
and  the  secondary  filter  (Corning  3486)  absorbs  all  light  of  a  wave 
length  less  than  5000  A.  but  has  a  high  transmission  in  the  region 
5700  to  6400  A.  The  phototube  is  insensitive  to  light  with  a 
wave  length  greater  than  7000  A.  Hence,  since  the  fluorescent 
radiation  is  the  only  light  transmitted  which  affects  the  photo¬ 
tube,  it  alone  is  measured. 

The  attachment  herein  described  was  designed  for  a  particular 
purpose,  the  measurement  of  a  weak  fluorescence  of  5700  to 
6400  A.  In  this  case,  the  optical  glass  cell  used  to  contain  the 
solutions  was  a  31-mm.  cube,  inside  measurement,  with  a  wall 
thickness  of  1  mm.  Cells  of  this  type  may  be  purchased  from 
Pyrocell Manufacturing  Co.,  207  East 84th St., New  York28,N.  Y  . 

Comparative  data  on  the  performance  of  the  instrument  are 
given  elsewhere  (S).  It  can  be  adapted  for  use  in  the  measure¬ 
ment  of  other  wave  lengths  and  stronger  fluorescence  by  changing 
the  sensitivity  setting  of  the  Beckman  instrument,  by  the  proper 
selection  of  filters,  by  varying  the  size  of  the  aperture  in  the  brass 
diaphram,  and  by  the  use  of  other  light  sources.  The  attachment 
should  prove  useful  to  any  laboratory  that  has  a  Beckman  spec¬ 
trophotometer  in  its  possession. 
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Spectrophotometric  Determination  of  Traces  of  Nickel 

O.  R.  ALEXANDER,  EDITH  M.  GODAR,  AND  N.  J.  LINDE,  Research  Division,  American  Can  Company,  Maywood,  III. 


A  rapid  and  precise  method  of  determining  traces  of  nickel  in  foods 
and  biological  materials  and  in  ferrous  materials  has  been  developed. 
The  optimum  range  is  5  to  80  micrograms  and  in  this  range  the  de¬ 
terminations  are  accurate  to  =*=5%.  Nickel  is  separated  from  inter¬ 
fering  elements  by  a  solvent  extraction  of  the  dimethylglyoxime  salt 
of  divalent  nickel,  and  is  determined  by  spectrophotometric  meas¬ 
urement  of  the  yellow  diethyldithiocarbamate  complex. 

THE  accurate  determination  of  traces  of  nickel  in  foods  and 
biological  material,  such  as  might  be  introduced  into  a  food 
product  through  contact  with  nickel-bearing  corrosion-resistant 
equipment,  is  an  analytical  problem  of  considerable  difficulty. 
The  determination  of  small  amounts  of  nickel  in  mild  steel  is  also 
a  time-consuming  procedure,  since  for  accurate-determination  a 
preliminary  separation  by  means  of  ether  extraction  is  usually 
required. 

The  potassium  salt  of  dithiooxalic  acid  ( 6 )  has  been  used  as  a 
colorimetric  reagent  for  nickel.  The  reagent  is  specific  and  sensi¬ 
tive,  but  the  reagent  itself  as  well  as  the  nickel  complex  is  un¬ 
stable.  The  literature  contains  a  number  of  references  to  the 
use  of  dimethylglyoxime  as  a  colorimetric  reagent  for  the  deter¬ 
mination  of  nickel  (/,  5).  This  reaction  between  dimethylgly¬ 
oxime  and  nickelic  (IV)  ion  is  somewhat  empirical,  and  the  re¬ 
sults  depend  upon  adherence  to  a  closely  defined  operational 
procedure.  A  number  of  other  reagents  have  been  proposed,  but 
have  little  to  recommend  them  for  general  analytical  purposes 
(1,3). 

The  method  described  herein  employs  two  reactions  of  nickel, 
both  of  which  have  been  previously  reported.  Nickel  is  first  sepa¬ 
rated  by  means  of  a  chloroform  extraction  of  the  divalent  nickel 
salt  of  dimethylglyoxime  (5).  After  decomposition  with  dilute 
hydrochloric  acid,  and  extraction  of  the  nickel  from  the  chloro¬ 
form,  the  nickel  is  converted  to  the  diethyldithiocarbamate  com¬ 
plex  and  extracted  with  isoamyl  alcohol.  The  nickel  is  determined 
in  this  solution  by  spectrophotometric  measurement  of  the  con¬ 
centration  of  the  yellow-green  nickel  complex.  This  reaction  has 
been  widely  recognized,  but  has  not  to  the  authors’  knowledge 
been  used  to  determine  nickel  (2). 

DISCUSSION  OF  METHOD 

Dimethylglyoxime  has  long  been  regarded  as  one  of  the  most 
specific  organic  precipitants  available  in  trace  metal  analysis. 
This  specificity  as  a  precipitant  also  characterizes  the  chloroform 
extraction  described  in  this  report.  According  to  available  litera¬ 
ture  references  to  the  use  of  sodium  diethyldithiocarbamate  (2) 
the  metals  giving  colored  precipitates  soluble  in  organic  solvents 
are  nickel,  copper,  cobalt,  bismuth,  and  iron.  Iron  does  not  react 
in  ammoniacal  citrate  solutions  and  nickel  is  separated  completely 
from  the  other  potential  interfering  elements  by  the  glyoxime  ex¬ 
traction.  Copper  if  present  in  high  concentrations  may  accom¬ 
pany  the  nickel  to  some  extent,  but  may  easily  be  removed  from 
the  chloroform  solution  by  an  intermediate  wash  with  dilute  am¬ 
monia. 

The  nickel  dithiocarbamate  complex  absorbs  most  strongly  in 
the  very  edge  of  the  visible  spectrum,  and  since  the  eye  does  not 
adequately  resolve  minor  differences  in  the  concentration  of  the 
faintly  colored  solutions  the  use  of  a  spectrophotometer  is  almost 
mandatory.  This  low  visual  sensitivity  probably  explains  in 
part  why  the  reagent  has  not  been  used  previously.  The  data 
presented  in  this  report  were  obtained  with  a  Coleman  Model  11 
Universal  spectrophotometer.  The  curves  relating  concentra¬ 
tion  to  the  logarithm  of  the  transmission  are  curved  not  because 
the  solutions  fail  to  obey  Beer’s  law,  but  because  the  optical 


system  of  the  instrument  does  not  produce  light  beams  that  are 
spectrally  pure.  This  instrumental  imperfection  is  much  more 
pronounced  at  the  lower  wave  length  range  where  the  low  in¬ 
tensity  of  the  tungsten  filament  and  low  sensitivity  of  the  pho- 
tronic  cell  both  tend  to  emphasize  the  effect  of  scattered  light  of 
higher  wave  length. 

REAGENTS 

A.  Ammonium  Citrate,  20%  w/v.  Dissolve  200  grams  of 
diammonium  citrate  in  600  ml.  of  water,  adjust  to  pH  9.0  to  9.5 
with  ammonium  hydroxide,  and  transfer  to  a  1-liter  separatory 
funnel.  Add  10  ml.  of  dimethylglyoxime  solution  (reagent  C) 
and  make  three  extractions  with  30-ml.  portions  of  chloroform. 
Filter  the  solution  and  dilute  to  1  liter. 

B.  Ammonium  Citrate,  20%  w/v.  Dissolve  200  grams  of 
diammonium  citrate  in  600  ml.  of  water,  adjust  to  pH  9.0  to  9.5 
with  ammonium  hydroxide,  and  transfer  to  a  1-liter  separatory 
funnel.  Add  10  ml.  of  sodium  diethyldithiocarbamate  solution 
(reagent  D)  and  extract  with  20-ml.  portions  of  carbon  tetra¬ 
chloride  until  the  carbon  tetrachloride  is  colorless.  Vigorous 
agitation  is  required.  Add  5  ml.  more  of  carbamate  reagent  and 
again  extract  with  carbon  tetrachloride.  If  the  solvent  layer 
is  colorless  the  extraction  is  complete;  if  it  remains  yellow,  add 
more  carbamate  and  continue  the  extraction. 

C.  Dimethylglyoxime,  0.1%.  Dissolve  0.25  gram  of 
reagent  grade  reagent  in  50  ml.  of  95%  ethanol  and  dilute  to 
250  ml. 

D.  Sodium  Diethyldithiocarbamate,  0.2%.  Dissolve  1 
gram  in  100  ml.  of  distilled  water,  filter,  and  dilute  to  500  ml. 

E.  Hydrochloric  Acid,  0.5  N.  Dilute  40  ml.  of  hydro¬ 
chloric  acid  (sp.  gr.  1.18)  to  1  liter  with  redistilled  water. 

F.  Nickel  Standard.  Dissolve  0.500  gram  of  pure  nickel 
in  20  ml.  of  (1  +  1)  nitric  acid  and  dilute  to  1  liter.  Prepare  a 
working  standard  by  diluting  10  ml.  of  this  solution  to  1  liter  with 
0.5  A  hydrochloric  acid.  One  milliliter  of  the  working  standard 
contains  5  micrograms  of  nickel. 

PREPARATION  OF  SAMPLES 

Food  Products  and  Biological  Materials.  Transfer  a 
representative  sample  estimated  to  contain  5  to  100  micrograms 
of  nickel  to  a  250-ml.  Erlenmeyer  flask  (as  much  as  25  grams  of 
most  foods  may  be  satisfactorily  handled).  Dry  the  sample  on 
a  steam  bath,  in  an  air  oven,  or  on  a  low-temperature  hot  plate. 
Add  20  to  25  ml.  of  nitric  acid  and  heat  gently  to  begin  the  oxida- 
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Table  1.  Recovery  of  Nickel  from  Iron  Solutions 

Iron 

Impurity 

Nickel 

Nickel 

Recovery 

Added 

Added 

Added 

Found 

Gram 

Mg. 

7 

7 

% 

0.20 

2.5 

2.7 

108 

5.0 

4.9 

98 

7.5 

7.9 

105 

10.0 

10.0 

100 

12.5 

12.1 

97 

15.0 

14.8 

99 

0.10 

25.0 

25.7 

103 

50.0 

48.6 

97 

75.0 

72.3 

97 

100.0 

97.1 

97 

0.20 

Co  10 

25 

25.2 

101 

Bi  10 

25 

25.6 

102 

Cu  10 

25 

25.1 

100 

Table  II.  Recovery  of  Nickel  from  Tomato  Catsup 


Nickel  Added  to 


10-Gram  Samples 
of  Catsup 

Nickel 

Found 

Nickel 

Present 

Recovery 

7 

7 

7 

% 

0 

16.5 

(16.5) 

0 

16.5 

(16.5) 

10 

26.9 

26.5 

io2 

25 

40.0 

41.5 

94 

50 

66.0 

66.5 

99 

65 

80.0 

81.5 

98 

80 

94.4 

96.5 

98 

tion.  When  the  initial  reaction  subsides,  add  5  ml.  of  sulfuric 
acid  and  continue  heating.  Add  more  nitric  acid  in  small  incre¬ 
ments  as  the  mixture  darkens  and  begins  to  char.  When  fumes 
of  sulfur  trioxide  are  evolved  with  no  further  charring  or  darken¬ 
ing,  add  1  ml.  of  perchloric  acid  and  continue  heating  until  the 
perchloric  acid  has  been  volatilized  and  sulfuric  acid  is  refluxing 
freely.  Allow  to  cool  and  dilute  with  20  to  25  ml.  of  distilled 
water. 

Steels.  Dissolve  0.200  gram  of  steel  in  a  small  covered  beaker 
with  15  ml.  of  nitric  acid  (1  +  2).  After  the  first  vigorous  re¬ 
action  subsides,  add  10  ml.  of  perchloric  acid  and  heat  slowly 
until  the  perchloric  acid  is  refluxing  freely  and  solution  of  the 
steel  is  complete.  Cast  iron  samples  may  require  the  addition  of 
more  nitric  acid  to  complete  the  oxidation  and  solution  of  re¬ 
fractory  carbides.  Cool  the  digest  and  dilute  with  w'ater.  If  the 
nickel  content  of  the  steel  is  expected  to  run  over  0.04%,  dilute  to 
volume  and  use  an  aliquot  containing  20  to  80  micrograms  of 
nickel. 

ISOLATION  OF  NICKEL 

Transfer  the  prepared  sample,  or  a  suitable  aliquot,  to  a  125-ml. 
separatory  funnel,  and  add  10  ml.  of  citrate  buffer  (reagent  A) 
and  water  to  make  the  volume  approximately  40  ml.  Make 
alkaline  to  phenol  red  (pH  8.5  to  9.0)  with  ammonium  hydroxide, 
and  add  5  ml.  of  dimethylglyoxime  (reagent  C)  and  10  ml.  of 
chloroform.  Stopper  the  flask  securely  and  shake  vigorously 
for  1  minute.  Drain  all  but  a  few  drops  of  the  solvent  layer  into 
a  second  funnel  containing  25  ml.  of  dilute  ammonium  hydroxide 
(1  +  50).  Repeat  the  extraction  with  an  additional  5-ml.  por¬ 
tion  of  chloroform,  and  drain  this  too  into  the  second  funnel, 
drawing  off  the  solvent  as  completely  as  possible  without  intro¬ 
ducing  any  of  the  aqueous  phase.  Shake  the  combined  solvent 
extracts  and  dilute  ammonium  hydroxide  for  1  minute,  allow 
the  phases  to  separate  cleanly,  and  draw  off  the  aqueous  layer 
through  a  pipet  attached  to  a  vacuum  line.  Wash  down  the 
sides  of  the  funnel  with  distilled  water,  and  again  remove  the 
aqueous  layer. 

Add  25  ml.  of  0.5  N  hydrochloric  acid  (reagent  E),  shake  vigor¬ 
ously  for  1  minute,  and  allow  to  separate.  Drain  off  and  discard 
the  solvent.  Add  a  few  milliliters  of  carbon  tetrachloride,  shake 
briefly  to  extract  dissolved  chloroform,  and  draw  off  the  solvent 
as  completely  as  possible,  being  careful  to  dislodge  and  remove 
the  drop  which  usually  floats  on  the  surface. 

t 

DETERMINATION  OF  NICKEL 

To  the  acid  solution  add  5  ml.  of  citrate  buffer  (reagent  B). 
(The  two  citrate  solutions  should  not  be  used  interchangeably. 
If  solution  B,  which  contains  residual  carbamate,  were  used  in  the 
first  extraction,  copper,  cobalt,  lead,  zinc,  cadmium,  bismuth, 
and  possibly  other  metals  would  be  partially  extracted  with  the 
nickel.  If  solution  A  were  used  in  the  final  extraction,  impurities 
in  the  citrate  such  as  capper  and  cobalt  which  are  not  removed 
by  the  dimethylglyoxime  extraction  would  contaminate  the  final 
extract.)  Add  a  small  piece  of  litmus  paper  and  make  slightly 


alkaline  with  ammonium  hydroxide,  adding  8  to  10  drops  in  ex¬ 
cess.  Add  10.0  ml.  of  isoamyl  alcohol  and  5  ml.  of  carbamate 
solution  (reagent  D),  stopper  the  funnel,  and  shake  vigorously  for 
at  least  2  minutes.  Draw  off  the  aqueous  phase,  transfer  the 
solvent  layer  to  the  spectrophotometer  cell,  and  determine  the 
transmission  at  a  wave  length  of  385  mu.  The  cell  may  be 
placed  momentarily  in  hot  water  in  the  event  that  the  solution 
becomes  cloudy  due  to  separation  of  dissolved  water. 

PREPARATION  OF  STANDARDS 

To  a  series  of  125-ml.  separatory  funnels,  add  0,  1,  2  3,  5,  7, 
10,  and  15  ml.  of  the  working  standard  solution,  and  dilute  to 
25  ±  0.5  ml.  with  0.5  N  hydrochloric  acid.  Treat  these  standards 
exactly  as  described  under  the  preceding  section,  beginning  with 
the  addition  of  the  citrate  buffer  (reagent  B). 

Although  385  mu  is  given  as  the  wave  length  of  minimum 
transmission,  the  actual  value  may  vary  somewhat  from  one  in¬ 
strument  to  another,  depending  upon  the  width  and  spectral 
purity  of  the  wave-length  band  isolated.  Figure  1  shows  an 
average  standard  curve  prepared  from  data  obtained  over  a 
period  of  several  weeks.  The  vertical  lines  intercepted  by  the 
curve  indicate  the  spread  of  some  10  to  12  values  in  each  case. 
These  standards  were  not  all  prepared  with  the  same  lot  of  rea¬ 
gents  and  consequently  the  data  reflect  variations  in  reagents  as 
well  as  instrumental  and  manipulative  errors.  Although  this 
curve  is  reproducible  over  relatively  short  periods  of  time,  some 
variation  may  be  expected  due  to  the  aging  of  the  tungsten 
filament  bulb  and  the  accompanying  change  in  spectral  emission. 

The  sensitivity  and  precision  of  the  instrumentation  could  be 
materially  increased  through  the  use  of  a  spectrophotometer 
giving  greater  dispersion  and  more  nearly  monochromatic  light. 
Somewhat  greater  sensitivity  and  precision  would  also  be  gained 
if  it  were  possible  to  use  spectrophotometer  cells  designed  to  per¬ 
mit  transmission  measurements  on  small  volumes  of  solution  at 
longer  cell  lengths. 


Table  III.  Recovery  of  Nickel  from  Evaporated  Milk 


Nickel  Added  to 
10-Gram  Samples  of 
Evaporated  Milk 

Nickel 

Found 

Nickel 

Present 

Recovery 

7 

7 

7 

% 

0 

0.2 

(0.2) 

0 

0.2 

(0.2) 

0 

0.3 

(0.2) 

ioo 

5 

5.2 

5.2 

10 

10.3 

10.2 

99 

15 

15.4 

15.2 

101 

30 

30.3 

30.2 

100 

50 

49.8 

50.2 

99 

RECOVERY  DETERMINATIONS 

Known  amounts  of  nickel  were  added  to  aliquots  of  a  nickel- 
free  iron  solution  containing  0.10  and  0.20  gram  of  iron,  to  10- 
gram  samples  of  tomato  catsup,  and  to  10-gram  samples  of 
evaporated  milk.  These  samples  then  were  subjected  to  the  pro¬ 
cedure  described.  The  data  presented  in  Tables  I,  II,  and  III 
show  that  satisfactory  recovery  of  added  nickel  is  obtained,  even 
in  the  presence  of  relatively  large  amounts  of  potentially  interfer¬ 
ing  elements. 

In  order  to  test  further  the  application  of  the  method,  a  num¬ 
ber  of  Bureau  of  Standards  steel  samples  were  analyzed  for  nickel 


Table  IV.  Determination  of  Nickel  in  Bureau  of  Standards  Samples 


Reported  Nickel  Content  of 
Standard  Samples 


N.B.S.  Sample 

Certified 

Range  of  results 

of  collaborating 

Nickel 

No. 

value 

analysts 

Found 

10  d 

0.002 

0.001-0.004 

0 . 0054 

0.011 

0.010-0.013 

0.0099 

55  a 

0.019 

0.019-0.020 

0.0186 

15  d 

0.045 

0.022-0.026 

0.0233 

11  e 

0.036 

0.0446 

74 

0.227 

0 . 034-0 . 039 

0.0363 

20  d 

0. 152 

0.217-0.239 

0.231 

21  c 

0.144-0.17 

0.149 
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by  the  method  described.  The  results  of  these  determinations 
(Table  IV)  are  in  very  good  agreement  with  the  certified  value, 
when  the  variation  in  the  values  reported  to  the  Bureau  of  Stand¬ 
ards  by  the  collaborating  analysts  is  taken  into  consideration. 

SUMMARy 

A  colorimetric  micromethod  for  nickel  is  described  which  is 
applicable  to  the  determination  of  traces  of  nickel  in  foods  and 
biological  materials  as  well  as  in  carbon  steels.  It  is  based  upon 
the  isolation  of  nickel  by  solvent  extraction  of  the  dimethyl- 
glyoxime  complex  and  the  subsequent  determination  by  means 
of  sodium  diethyldithiocarbamate.  Recovery  determinations 


and  analyses  of  standard  samples  indicate  that  nickel  may  be 
determined  with  satisfactory  precision  when  present  in  amounts 
of  1  microgram  or  greater. 
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Amperometric  Microtitration  of  Very  Dilute 

Chromate  Solutions 

Using  the  Rotating  Platinum  Electrode 


I.  M.  KOLTHOFF  AND  D.  R.  MAY* 1 2,  School  of  Chemistry,  University  of  Minnesota,  Minneapolis,  Minn. 


Chromate  (chromic  acid)  can  be  titrated  rapidly  by  amperometric 
titration  with  ferrous  iron,  using  the  rotating  platinum  wire  micro¬ 
electrode  as  the  indicator  electrode.  The  potential  of  the  indica¬ 
tor  electrode  is  maintained  at  1.0  volt  vs.  the  saturated  calomel 
electrode  which  is  used  as  the  reference  electrode.  The  method  is 
accurate  and  precise  to  within  0.5%  at  concentrations  as  small  as 
1  to  2  X  10~4  M  chromate.  The  method  can  also  be  used  in  the 
reverse  titration  of  traces  of  ferrous  iron  with  dichromate. 

CHROMATE  in  very  dilute  acid  solutions  can  be  accurately 
determined  by  amperometric  titration  with  ferrous  sulfate, 
using  a  rotating  platinum  electrode  as  indicator  electrode.  This 
method  does  not  involve  an  indicator  correction;  this  latter  is 
appreciable  when  very  dilute  solutions  are  titrated.  The  princi¬ 
ples  and  technique  of  amperometric  titrations  with  the  rotating 
platinum  wire  microelectrode  have  been  discussed  and  described 
by  Laitinen  and  Kolthoff  ( 1 ,  2).  The  method  described  here  for 
chromate  involves  the  titration  of  an  acidified  chromate  solution 
with  a  ferrous  iron  solution.  The  end  point  is  found  graphically  as 
the  point  of  intersection  of  the  “residual  current”  line  before  the 
■end  point  and  of  the  anodic  diffusion  current  line  of  the  ferrous 
iron  after  the  end  point.  Under  the  experimental  conditions  used 
in  this  work  the  residual  current  was  zero. 

The  anodic  oxidation  of  ferrous  iron  to  ferric  gives  a  well-de¬ 
fined  diffusion  current  at  a  rotating  platinum  microelectrode. 
Current-voltage  measurements  using  5  X  10_B  M  ferrous  ammo¬ 
nium  sulfate  in  0.1  M  perchloric  acid  are  shown  in  curve  1,  Fig¬ 
ure  1.  In  curve  2,  the  residual  current  of  0.1  M  perchloric  acid 
solution  is  shown.  At  a  potential  of  + 1.0  volt  of  the  rotating  elec¬ 
trode,  as  measured  against  a  saturated  calomel  reference  elec¬ 
trode,  proportionality  was  found  between  the  concentration  of 
the  ferrous  ammonium  sulfate  and  the  diffusion  current,  as  may 
be  seen  in  Table  I. 

At  potentials  of  +1.0  volt  no  current  is  obtained  by  electrode 
reactions  with  Cr++++++,  Cr+++,  or  Fe+++.  Thus  when  an 
acid  solution  of  chromate  is  titrated  with  a  ferrous  ammonium 
sulfate  solution  no  current  is  observed  at  a  rotating  platinum  elec¬ 
trode  potential  of  1.0  volt  until  all  the  chromate  has  been  reduced 
and  the  solution  contains  an  excess  of  ferrous  iron.  By  measuring 
the  current  after  adding  successive  amounts  of  ferrous  solution  and 
obtaining  two  or  more  values  in  the  presence  of  an  excess  of  fer¬ 
rous  solution  the  end  point  is  found  by  graphical  extrapolation  to 
1  Present  address,  American  Cyanamid  Co.,  Stamford,  Conn. 


zero  current.  The  volume  of  ferrous  solution  at  that  point  is 
equal  to  that  at  the  equivalence  point.  Typical  titrations  are 
shown  in  Figure  2. 

PROCEDURE 

The  chromate  solution  to  be  titrated  is  placed  in  a  beaker  of 
suitable  size  and  a  rotating  platinum  microelectrode  and  salt 
bridge  are  placed  in  position.  A  saturated  calomel  electrode  is 
used  as  an  outside  reference  electrode.  If  the  solution  is  not  al¬ 
ready  acid,  sufficient  acid  is  added  to  give  a  concentration  of  0.1 
M  (perchloric,  hydrochloric,  sulfuric,  or  nitric  acid  may  be  used). 
A  1-volt  difference  of  potential  is  applied  across  the  platinum 
(anode)  and  saturated  calomel  electrodes,  using  a  salt  bridge  of 
low  resistance.  A  0.01  N  standard  ferrous  ammonium  sulfate, 
0.05  M  in  sulfuric  acid,  is  added  to  the  chromate  solution  from  a 
microburet  until  a  current  is  observed  on  the  microammeter  or 
other  suitable  current-indicating  instrument.  The  sides  of  the 
beaker  are  rinsed  with  distilled  water  and  the  diffusion  current  of 


Table  I.  Diffusion  Currents  of  Ferrous  Ammonium  Sulfate 
Solutions  in  0.1  M  Perchloric  Acid  Solution 


(Rotating  platinum  electrode. 

Molar  Concentration 
of  Ferrous  Iron  X  105 

10 

5 

2 


Potential  +  1.0  volt  rs.  saturated  calomel 
electrode) 

Diffusion  Current, 

Microamperes  id/c  X  105 


8.9 

4.5 

1.8 


0.89 

0.90 

0.90 


+  1.2  +1.0  +0.6  +0.6  0.4 

POTENTIAL  vs.  SATURATED  CALOMEL  ELECTRODE  (VOLT) 

Figure  1.  Current-Voltage  Curve  of  5  X  10_B  M  Ferrous 
Ammonium  Sulfate  in  0.1  M  Perchloric  Acid 


1.  5  X  10  6  M  ferrous  ammonium  sulfate  in  0.1  M  perchloric  acid 

2.  0.1  M  perchloric  acid 


March,  1946 
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VOLUME  Of  STANDARD  FER+OUS  SOLUTION  (ML.) 

Figure  2.  Amperometric  Titration  of  Potassium  Chromate 
in  0.1  M  Perchloric  Acid  with  0.00962  N  Ferrous  Am¬ 
monium  Sulfate 

1 .  50  ml.  oil  .333  X  1 0-‘  M  chromate 

2.  50  ml.  of  1.510  X  10-*  M  chromate 

the  ferrous  iron  is  measured.  The  current  is  measured  again  after 
the  addition  of  0.2  ml.  more  of  ferrous  solution.  One  or  two 
more  readings  are  made  after  successive  addition  of  more  ferrous 
iron.  On  graph  paper,  points  representing  the  microamperes 
(ordinate)  and  volume  of  ferrous  solution  (abscissa)  are  plotted. 
These  points  lie  on  a  straight  line.  The  volume  of  ferrous  solution 
at  zero  current  is  obtained  by  drawing  a  line  through  these  points. 
For  the  most  accurate  work  the  current  should  be  corrected  to 
compensate  for  dilution  (£). 

Several  dilute  chromate  solutions  were  analyzed  in  this  man¬ 
ner.  The  ferrous  solution  used  was  prepared  by  diluting  a  0.098 
N  ferrous  ammonium  sulfate  solution  tenfold.  The  diluted  solu¬ 
tion  was  standardized  against  potassium  chromate,  using  sodium 


Table  II.  Amperometric  Titration  of  50  Ml.  of  Dilute  Chromate 

Solutions 

Calculated  Molar 
Concentration  of 

Molar  Concentration 

Volume  of  0.01  N 

Chromate  Solutions 

Error, 

of  Chromate  X  104 

Ferrous  Solution,  Ml. 

X  10* 

% 

1.00 

1.560 

0.999 

-0.1 

1.333 

2.086 

1.336 

+  0.2 

1.510 

2.358 

1.511 

+0.1 

1.667 

2.603 

1.668 

+0.1 

1.667 

2.590 

1.660 

-0.4 

2.000 

3.122 

2.000 

0.0 

2.000 

3.120 

1.999 

-0.1 

diphenylamine  sulfonate  as  indicator  and  correcting  for  the  indi¬ 
cator  blank.  The  concentration  found  was  0.00961  N.  In  Table 
II  are  the  results  obtained  in  the  amperometric  titration  of  dilute 
chromate  solutions  with  0.0096  N  ferrous  ammonium  sulfate  solu¬ 
tion.  The  solutions  were  0. 1  N  in  perchloric  acid. 

The  rapid  method,  which  is  accurate  and  precise  to  0.5%  even 
at  concentrations  as  small  as  1  to  2  X  10“ 4  M  chromate,  can  also 
be  used  for  the  reverse  titration  of  traces  of  ferrous  iron  with  di¬ 
chromate.  The  current  decreases  continuously  during  the  titra¬ 
tion  and  becomes  zero  at  the  end  point.  Again  the  exact  location 
of  the  end  point  is  found  graphically. 
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Rapid  Estimation  o f  Rubber  in  Guayule  Latex  Dispersions 

R.  T.  WHITTENBERGER  AND  B.  A.  BRICE,  Eastern  Regional  Research  Laboratory,  Philadelphia  18,  Pa. 


SPENCE  (4)  has  shown  that  the  rubber  of  guayule  ( Parthe - 
nium  argentatum  Gray)  is  recoverable  as  a  latex  which  yields 
a  product  of  high  purity  and  superior  quality.  His  observations 
on  the  quality  of  the  latex  rubber  have  been  confirmed  recently 
by  .Clark  and  Place  ( 1 ).  The  occurrence  of  the  latex  in  small 
separate  cells  rather  than  in  a  continuous  duct  system  makes 
necessary  a  fine  comminution  of  the  shrub,  and  as  a  result  the 
dilute  dispersions  initially  obtained  are  highly  contaminated  with 
nonrubber  plant  and  soil  fragments.  A  microscopic  method  for 
the  rapid  estimation  of  rubber  in  these  dispersions  has  been  de¬ 
veloped. 

The  microscopic  method,  which  consists  essentially  in  the  iden¬ 
tification  and  counting  of  rubber  latex  particles  in  a  small  volume 
of  dispersion,  is  advantageous  in  several  respects.  It  requires  a 
minimum  amount  of  equipment  and  is  rapid,  taking  from  10  to 
20  minutes  for  a  determination.  A  rapid  method  is  important 
because  of  the  instability  of  some  dispersions  and  the  need  of 
knowing  the  approximate  concentration  of  dispersed  rubber  dur¬ 
ing  a  recovery  experiment.  Furthermore,  only  a  small  quantity 
of  dispersion,  as  little  as  one  drop,  is  required  for  the  microscopic 
method,  and  it  is  possible  to  distinguish  between  dispersed  and 
partly  agglomerated  latex  in  the  samples.  In  contrast,  the  chemi¬ 
cal  methods  of  analysis  (J,  7)  are  time-consuming,  do  not  distin¬ 
guish  between  dispersed  and  partly  agglomerated  latex,  and  re¬ 
quire  larger  samples  and  more  extensive  equipment. 

STANDARDIZATION  AND  PROCEDURE 

The  method  is  standardized  by  making  counts  on  a  number  of 
guayule  latex  dispersions  of  known  rubber  content,  as  deter¬ 


mined  by  duplicate  analyses  by  the  tetrabromide  method  (7). 
In  this  method,  the  dispersions  are  extracted  in  a  Waring  Blendor 
with  benzene,  and  rubber  hydrocarbon  is  then  determined  gravi- 
metrically  by  precipitation  as  the  tetrabromide.  Only  disper¬ 
sions  free  from  agglomerated  or  partly  agglomerated  rubber 
particles  should  be  used  for  the  standardization.  Since  some  dis¬ 
persions  are  unstable,  the  microscopic  counts  should  be  made  at 
the  time  the  chemical  analyses  are  begun. 

A  small  sample  (usually  1  ml.)  of  a  dispersion  of  known  rubber 
content  is  mixed  with  neutral  distilled  water  to  give  a  known 
dilution  in  which  the  rubber  latex  particles  can  be  accurately 
counted  in  a  Petroff-Hausser  bacteria  counter.  Probably  a 
hemacytometer  would  serve  as  well,  although  such  a  chamber 
was  not  tested  in  the  present  case.  Owing  to  the  tendency  of  the 
latex  particles  to  accumulate  at  the  surface  on  standing,  the  dis¬ 
persion  must  be  thoroughly  agitated,  not  only  just  before  sam¬ 
pling  for  dilution  but  also  after  dilution,  immediately  before 
mounting  in  the  counter.  A  dilution  which  gives  2  to  5  recog¬ 
nizable  latex  particles  per  square  (1/20,000  cu.  mm.)  has  been 
found  most  satisfactory.  To  ensure  a  uniform  film  of  dispersion 
for  the  mount,  the  usual  precautions  must  be  taken,  such  as  care¬ 
fully  adjusting  the  cover  glass  and  blotting  the  excess  liquid. 

For  one  determination,  all  identifiable  rubber  latex  particles, 
irrespective  of  size  (usually  0.4  to  3.5//  in  diameter),  in  36  squares 
in  each  of  two  moimts  are  counted.  If  agreement  between  the 
number  of  particles  counted  in  the  two  mounts  is  not  within 
5%,  counting  should  be  continued  on  a  third  mount,  or  on  an 
additional  number  of  mounts  until  such  agreement  is  obtained. 
The  count  is  readily  made  with  a  magnification  of  approximately 
800  to  900  diameters,  such  as  is  obtained  with  a  4-mm.  objective 
and  20  X  ocular.  Each  particle  must  be  brought  into  clear  focus 
for  identification;  those  too  small  for  identification  should  not  be 
counted.  Since  all  flow  of  particles  must  be  eliminated  during 
counting,  it  is  sometimes  necessary  to  readjust  the  cover  glass 
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Table  I.  Standardization  of  Microscopic  Method  for  Estimation  of 
Rubber  in  Guayale  Crude  Latex  Dispersions 

(iV,  average  number  of  latex  particles  per  square;  D,  dilution  factor;  Co, 
concentration  of  rubber  in  original  dispersion  as  determined  by  chemical 
method;  k  =  Co/ND;  C,  concentration  of  rubber  in  original  dispersion 
calculated  from  relation  C  =  1.85  ND .) 

Extracted  Latex  Dispersions 


Original  Plants  Rubber 


De¬ 

scrip¬ 

tion* 

Resin&, 

% 

Rub¬ 
ber!*,  % 

N 

D 

k 

Micro¬ 

scopic, 

C 

Chem¬ 

ical, 

Co 

Dif¬ 

ference, 

% 

YW 

3.3 

3.00 

10 

1.77 

Mg./100  ml. 

56  53 

+  5.7 

YX 

5^9 

8.2 

2.42 

25 

1.87 

112 

113 

-0.9 

YX 

7.3 

2.87 

25 

1.87 

133 

134 

-0.7 

YX 

e>!o 

8.3 

3.67 

25 

1.84 

170 

169 

+0.6 

YX 

5.9 

8.2 

4.08 

25 

1.93 

189 

197 

-4.1 

YX 

7.3 

2.75 

50 

1.79 

254 

246 

+  3.3 

YW 

6.8 

3.6 

2.75 

50 

1.99 

254 

273 

-7.0 

YW 

6.8 

3.6 

3.42 

50 

1.93 

316 

330 

-4.2 

YX 

5.4 

5.2 

2.08 

100 

1.74 

385 

361 

+  6.7 

MW 

9.0 

15.0 

2.17 

100 

1.94 

401 

421 

-4.8 

YX 

5.6 

7.7 

2.79 

100 

1.87 

516 

521 

-1.0 

YX 

5.4 

8.7 

3.50 

100 

1.81 

648 

632 

+  2.5 

YX 

6.8 

8.6 

3.54 

100 

1.96 

655 

694 

-5.6 

YX 

8.0 

3.92 

100 

1.82 

725 

715 

+  1.4 

YX 

8.0 

4.25 

100 

1.83 

786 

779 

+  0.9 

MW 

9.6 

15.0 

4.83 

100 

1.89 

894 

911 

-1.9 

YX 

5.4 

8.7 

2.67  • 

200 

1.78 

988 

947 

+4.3 

YX 

8.0 

2.58 

1000 

1.74 

4773 

4501 

+  6.0 

Av.  1.85  =*3.4 

°  Y,  2-year  old  plants;  M,  12-year  old  plants.  X,  defoliated  plants;  W, 
whole  or  nondefoliated  plants.  Data  in  first  three  columns  indicate  range 
in  applicability  of  method  rather  than  any  relationship  between  original  rub¬ 
ber  content  and  amount  of  rubber  extracted, 
t  Moisture-free  basis. 


carefully.  Often  slight  pressure  on  the  margin  of  the  cover  glass 
will  suffice.  The  predominantly  spherical  rubber  latex  particles 
can  readily  be  distinguished  from  the  variously  shaped  and  colored 
extraneous  nonrubber  matter,  such  as  cell-wall  fragments,  proto¬ 
plasmic  granules,  chloroplasts,  soap  particles,  bacteria,  and  silt. 
If  difficulty  is  experienced  initially  in  identifying  the  rubber  par¬ 
ticles,  a  portion  of  them  may  be  stained  on  a  separate  slide  with 
a  rubber  stain  (6).  Staining,  however,  coagulates  the  particles. 

Standardization  of  the  method  is  illustrated  by  Table  I.  The 
observed  average  number  of  particles  per  square,  N,  in  the  di¬ 
luted  dispersion,  the  dilution  factor  D,  and  the  rubber  content  of 
the  undiluted  dispersion,  Co,  the  latter  determined  by  the  chemi¬ 
cal  method  of  analysis  (7),  are  shown  in  columns  4,  5,  and  8. 
Constant  k  in  column  6  is  the  ratio  of  the  concentration  of  rubber 
in  the  diluted  dispersion  (Co/D)  to  the  average  number  of  par¬ 
ticles  per  square,  or  k  =  Co/ND.  The  average  value  of  k  for  a 
number  of  dispersions,  as  shown  in  the  table,  was  1.85.  Thus  the 
standardization  of  the  method  for  the  guayule  latex  dispersions 
is  expressed  by  the  relation  C  =  1.85  ND. 

The  quantity  of  rubber  in  an  unknown  dispersion  is  determined 
microscopically  by  counting  the  particles  in  an  appropriate  dilu¬ 
tion  of  the  dispersion  in  a  manner  identical  with  that  employed 
during  standardization.  The  concentration  of  rubber  in  the 
original  dispersion,  in  mg.  per  100  ml.,  is  calculated  by  the  equa¬ 
tion  C  =  1.85  ND. 


DISCUSSION 

The  concentration  of  rubber  calculated  from  the  microscopic 
count  (column  7)  using  the  relation  C  =  1.85  ND  and  the  concen¬ 
tration  determined  by  the  chemical  method  (column  8)  are  tabu¬ 
lated  in  Table  I.  The  average  per  cent  difference  between  the 
two  methods  ( ±3.4)  is  sufficiently  small  to  establish  the  validity 
of  the  microscopic  method.  In  practice,  in  some  cases  where  the 
results  obtained  by  the  two  methods  differed  rather  widely,  a  re¬ 
peated  chemical  analysis  showed  the  results  of  the  original  chem¬ 
ical  analysis  to  be  in  error.  In  other  cases,  differences  in  results  be¬ 
tween  the  two  methods  may  be  due  to  the  fact  that  the  chemical 
method,  unlike  the  microscopic,  does  not  differentiate  between 
dispersed  and  agglomerated  rubber. 

The  error  produced  by  failure  to  count  the  submicroscopic 
rubber  particles  is  negligible,  since  these  particles,  although  nu¬ 
merous,  constitute  only  an  insignificant  fraction  of  the  total 
rubber.  Studies  in  this  laboratory  of  electron  micrographs  of 


kok-saghyz  latex  show  that  only  2%  of  the  total  volume  of  all 
particles  occurs  in  particles  smaller  than  0.3m  in  diameter,  al¬ 
though  by  number  these  particles  constitute  87%  of  the  total. 
Similar  results  were  obtained  by  Lucas  (S)  on  hevea  latex.  The 
authors’  findings  and  those  of  Spence  {/)  indicate  that  the  rubber 
latex  particles  of  guayule  are  larger  than  those  of  kok-saghyz  and 
hevea. 

It  would  be  possible  to  standardize  the  microscopic  method 
independently  of  the  chemical  method  if  the  average  particle 
mass  and  the  proportion  of  rubber  hydrocarbon  in  the  particles 
were  known.  No  complete  standardization  of  this  sort  was  at¬ 
tempted  in  the  present  case.  As  a  test  of  its  feasibility,  however, 
a  preliminary  study  of  the  particle  size  distribution  was  made 
visually  by  means  of  a  micrometer  eyepiece.  The  average  par¬ 
ticle  mass  was  9.9  X  10“ 13  gram.  This  figure  was  calculated 
after  measuring  the  diameters  of  600  particles  and  assuming  that 
they  were  spheres  with  a  density  of  0.92  (2). 

The  concentration  of  rubber  in  a  dispersion  is  expressed,  as  be¬ 
fore,  by  C  —  kND,  but  now  the  constant  k  is  equal  to  A'pm, 
where  m  is  the  average  particle  mass,  p  is  the  proportion  of  rubber 
hydrocarbon  in  the  particles,  and  A  is  a  constant  2  X  1012  de¬ 
pendent  only  on  the  units  and  on  the  volume  used  for  determining 
N.  In  the  present  case  the  value  calculated  for  k  is  1.98  if  p  is 
assumed  to  be  unity  (100%  rubber  hydrocarbon),  or  1.73  if  p 
is  assumed  to  be  0.875,  a  value  postulated  by  Kemp  (2)  for  hevea 
particles.  These  values  of  k  are  in  good  agreement  with  the 
value  1.85  found  by  standardization  in  terms  of  the  chemical 
method.  The  results  indicate  that  an  accurate  standardization 
could  be  carried  out  which  would  be  independent  of  any  chemical 
method  except  for  a  determination  of  p. 


The  wide  applicability  of  the  microscopic  method  to  various 
types  of  guayule  latex  dispersions  is  illustrated  by  the  data  of 
Table  I  and  by  subsequent  analysis  of  many  samples,  in  which 
frequent  comparisons  with  the  chemical  method  were  made. 
Dispersions  examined  included  those  extracted  in  various  aqueous 
media  from  2-  and  12-year  old  plants,  from  whole  and  defoliated 
shrub,  from  fresh  and  stored  plants,  and  from  plants  of  both  high 
and  low  resin  and  rubber  content.  Agreement  with  the  chemical 
method  under  these  varying  conditions  indicated  that  the  rubber 
latex  particles  were  readily  distinguishable  from  any  other  par¬ 
ticles  present,  and  further  that  the  size  distribution  and  compo¬ 
sition  of  these  rubber  particles  were  remarkably  constant.  On 
storage  after  extraction,  however,  the  particles  may  change  in 
size  and  possibly  composition. 

The  microscopic  method  of  analysis  has  been  employed  in 
various  types  of  research  on  guayule.  By  means  of  small-scale 
experiments  in  which  pieces  of  living  guayule  tissue  were  ground 
in  a  mortar  in  anticoagulant  solutions  and  the  resulting  latex 
dispersions  were  analyzed  microscopically,  significant  information 
on  the  distribution  of  latex  in  the  plant  and  on  the  effect  of  pH, 
enzymes,  soaking,  temperature,  surface  active  agents,  storage, 
etc.,  on  latex  extractions  has  been  obtained.  The  microscopic 
method  has  been  applied  also  in  evaluating  the  effectiveness  of 
each  of  a  series  of  steps  in  large-scale  latex  recovery  experiments. 
With  appropriate  standardization  and  with  suitable  extraction 
of  latex,  the  method  may  be  applied  as  a  rapid  quantitative  test 
for  rubber  in  selection,  breeding,  and  recovery  work  on  other 
rubber-bearing  plants.  The  data  of  Lucas  ( 3 ) ,  showing  that  about 
90%  of  the  rubber  in  hevea  latex  occurs  in  particles  0.4  m  or  larger 
in  diameter,  suggest  that  the  method  may  be  useful  also  in  the 
rapid  analysis  of  hevea  latex. 
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Modified  All-Ditfiizone  Method  for  Determination 

of  Traces  of  Copper 

S.  L.  MORRISON1  AND  HARRIET  L.  PAIGE,  Seventh  Service  Command  Medical  Laboratory,  Fort  Omaha  11,  Neb. 


t  modified  all-dithizone  procedure  in  which  the  copper  is  extracted 
i  Mojonnier  fat-extraction  flasks  and  determined  by  the  mixed  color 
ethod  is  described.  Interference  and  contamination  by  likely 
etallic  ions  are  eliminated.  Data  on  recoveries  of  added  copper 
i  several  biological  products  are  given.  Recoveries  of  better  than 
=  0.2  microgram  are  obtained. 

URING  the  examination  of  dried  whole  and  skim  milk  for 
copper  content  according  to  army  specifications,  the  need 
>r  a  rapid,  reproducible  method  adaptable  for  routine  use  was 
;cognized.  Various  procedures  based  upon  the  use  of  sodium 
iethyldithiocarbamate  (5,  6)  have  been  recommended.  How¬ 
ler,  since  nickel,  cobalt,  and  bismuth  interfere,  these  methods 
ave  much  to  be  desired.  In  other  methods  ( 3 ,  4,  8,  9),  which 
imbine  the  desirable  features  of  dithizone  and  sodium  diethyl- 
ithiocarbamate,  the  copper  is  separated  from  the  nickel,  cobalt, 
ad  part  of  the  bismuth  by  extraction  from  acid  solution  with 
ithizone.  Only  copper  and  part  of  the  bismuth  will  be  carried 
ito  the  dithizone  layer.  The  dithizonate  complexes  are  de¬ 
coyed  by  ashing  and  the  copper  is  determined  finally  with  the 
irbamate  reagent.  Bismuth  interferes,  causing  high  results. 
Ireenleaf  U),  however,  eliminated  interference  from  bismuth.by 
xtraction  with  acidified  potassium  iodide  prior  to  destruction  of 
le  dithizonate. 

Bendix  and  Grabenstetter  (1)  describe  an  all-dithizone  method 
l  which  the  copper  is  extracted  by  means  of  dithizone  at  a  pH 
f  2.3,  along  with  gold,  platinum,  palladium,  silver,  mercury, 
ismuth,  and  stannous  tin.  No  other  metals  react  with  dithi- 
one  at  this  pH.  Gold,  platinum,  and  palladium  are  not  con- 
idered  because  of  their  rarity;  acid  digestion  oxidizes  stannous 
in  to  the  stannic  state,  in  which  it  does  not  form  complexes  with 
ithizone;  silver,  mercury,  and  bismuth  are  removed  as  complex 
idides  by  extraction  with  2%  acidic  potassium  iodide.  The 
xcess  dithizone  is  then  removed  from  the  carbon  tetrachloride 
olution  with  an  ammonia  wash,  and  the  copper  determined  color- 
metrically  as  the  violet-colored  keto  copper  dithizonate. 

In  the  authors’  experience  this  method,  though  practicable, 
iresents  two  difficulties:  (1)  the  transfer  through  three  separa- 
ory  funnels  without  the  hazard  of  contamination,  particularly 
>y  stopcock  lubricant,  and  (2)  the  fact  that  the  ammonia  wash 
hanges  variable  portions  of  the  violet-colored  keto  copper 
lithizonate  into  the  yellowish-brown  enol  tautomer.  In  this 
ibservation  the  authors  have  confirmed  Sandell’s  (7)  earlier 
eference. 

In  the  method  herein  presented  copper  is  extracted  with  dithi- 
;one  at  a  pH  of  2.3  in  a  Mojonnier  fat-extraction  flask  or  a 
container  of  similar  design.  This  flask  is  so  designed  that  20  ml. 
>f  the  heavier  carbon  tetrachloride  solution  of  dithizone  remain 
n  the  bulb  of  the  flask  when  any  aqueous  solution  is  poured  off 
ibove  it.  The  obvious  advantage  of  such  a  flask  in  this  particu- 
ar  procedure  lies  in  the  fact  that  after  each  extraction  it  is  the 
iqueous  layer  that  is  discarded.  '  Therefore  all  extractions  can 
ie  made  in  one  flask  and  the  reactive  dithizone  is  safely  pro¬ 
moted  from  air-,  glass-,  or  stopcock-borne  contamination.  The 
:arbon  tetrachloride  layer  is  then  shaken  with  2%  acidic  po¬ 
tassium  iodide  solution,  the  copper  remaining  in  the  carbon 
tetrachloride  layer  as  the  dithizonate,  while  the  other  metals 
ire  extracted  into  the  aqueous  layer  as  iodide  complexes  and 
discarded.  The  concentration  of  copper  is  then  measured  in  a 
spectrophotometer  by  the  mixed  color  method  at  the  wave 
length  of  maximum  absorption  of  keto  copper  dithizonate.  The 
use  of  the  mixed  color  method  of  measurement  obviates  the 
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necessity  for  removing  uncombined  dithizone  with  ammonia, 
thereby  eliminating  the  possibility  of  copper  loss  through  enol 
formation  (7). 

APPARATUS 

A  spectrophotometer,  Coleman,  model  6,  with  cuvettes,  No. 
6-504B,  19  X  150  mm. 

Mojonnier  fat-extraction  flasks  fitted  with  ground-glass  stop- 
pers. 

A  mechanical  shaker,  averaging  275  oscillations  per  minute. 

Glassware,  cleaned  with  concentrated  nitric  acid,  and  well 
rinsed  with  tap,  distilled,  and  redistilled,  metal-free  water. 

REAGENTS 

Water,  redistilled  from  Pyrex,  for  making  all  solutions. 

c.p.  nitric  acid,  redistilled  from  Pyrex. 

c.p.  sulfuric  acid.  Since  different  lots  of  sulfuric  acid  are  con¬ 
taminated  by  varying  microquantities  of  copper,  a  large  volume 
of  pooled  acid  is  advisable. 

c.p.  concentrated  ammonium  hydroxide. 

Cresol  red  indicator  solution,  0.02  gram  per  100  ml.  of  redistilled 
water. 

Buffer  reagent,  pH  2.3.  Dissolve  8.3  grams  of  c.p.  anhydrous 
disodium  hydrogen  phosphate  and  38  grams  of  c.p.  citric  acid  in 
redistilled  water.  Purify  by  shaking  in  a  separatory  funnel  with 
successive  portions  of  the  concentrated  solution  of  dithizone, 
until  there  is  no  noticeable  change  in  the  color  of  the  dithizone. 
Wash  with  c.p.  carbon  tetrachloride  until  the  washings  are 
water-clear.  Transfer  to  a  250-ml.  volumetric  flask  and  dilute 
to  volume  with  redistilled  water;  2  ml.  of  this  reagent  will  buffer 
25  ml.  of  water  at  pH  2.3. 

Concentrated  solution  of  dithizone  (diphenyl thiocarbazone), 
15  mg.  per  liter.  Dissolve  15  mg.  of  dithizone  in  1  liter  of  c.p. 
carbon  tetrachloride.  This  can  best  be  accomplished  by  first 
dissolving  it  in  about  10  ml.,  then  diluting  to  1  liter.  Store  the 
solution  in  a  black-painted  bottle  in  the  refrigerator  until  ready 
to  use. 

Dilute  dithizone  solution,  7.5  mg.  per  liter.  Make  a  1  to  1  dilu¬ 
tion  of  the  concentrated  dithizone  with  c.p.  carbon  tetrachloride. 
Since  this  solution  is  extremely  unstable,  prepare  fresh  daily  and 
keep  in  refrigerator  unless  actually  in  use.  At  all  times  during 
the  determination,  shield  the  solution  from  direct  sunlight. 

Two  difficulties  are  encountered  in  preparation  of  dithizone 
solutions.  Generally,  dithizone  as  manufactured  by  Eastman 
Kodak  Co.  is  satisfactory  for  use;  however,  the  commercial 
product  may  be  purified,  according  to  the  method  outlined  by 
Sandell  (7).  Occasional  lots  of  reagent  grade  carbon  tetrachlo¬ 
ride  are  unfit  for  use  because  of  the  presence  of  decomposition 
products,  such  as  phosgene  and  free  chlorine.  Methods  of  re¬ 
claiming  carbon  tetrachloride  have  not  been  devised;  therefore, 
a  bad  lot  should  be  discarded. 

The  practice  of  “stripping”  the  dithizone  solution  is  recom¬ 
mended  as  a  simple  daily  procedure  for  determining  whether 
suitable  for  use.  This  is  performed  by  shaking  10  ml.  of  con¬ 
centrated  dithizone  solution  with  25  ml.  of  1  to  200  c.p.  am¬ 
monium  hydroxide;  if  satisfactory,  the  heavier  carbon  tetra¬ 
chloride  layer  will  be  water-clear,  or  at  most,  slightly  tinged  with 
yellow. 

Acidic  potassium  iodide  reagent,  2%.  Dissolve  10  grams  of 
c.p.  potassium  iodide  in  450  ml.  of  redistilled  water,  acidify  with 

5  ml.  of  1  N  hydrochloric  acid,  and  add  0. 1  N  sodium  thiosulfate, 
dropwise,  to  expel  any  yellow  color  of  free  iodine.  Wash  with 
dithizone  and  carbon  tetrachloride  as  in  the  preparation  of  the 
buffer  reagent,  dilute  to  500  ml.  with  redistilled  water,  and  add 
a  few  milliliters  of  c.p.  carbon  tetrachloride  as  a  preservative. 
Store  in  the  refrigerator,  inspecting  daily  for  decomposition  of  the 
iodide,  and  adjusting,  if  necessary,  with  a  drop  or  two  of  thio¬ 
sulfate. 

Standard  copper  solution,  stock,  1  mg.  of  copper  per  ml. 
Dissolve  0.5000  gram  of  electrolytic  sheet  copper  in  20  ml.  of 

6  N  nitric  acid,  and  evaporate  almost  to  dryness.  Add  2  to  3 
drops  of  glacial  acetic  acid  and  transfer  the  solution  quantita¬ 
tively  to  a  500-ml.  volumetric  flask,  diluting  to  volume  with 
redistilled  water. 

Working  standard  copper  solution,  1  microgram  per  ml. 
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Table  I.  Recovery  of  Copper  from  Solutions  Containing  Other 

Metallic  Ions 


Copper 

Added 

Other 

Metal 

Added 

Copper  Recovered 
Without  KI  With  KI 

shaking  shaking 

Error 

Micrograms 

Micrograms 

Micrograms 

Micrograms 

Micrograms 

5.0 

Fe  +  +  + 

50.0 

4.85 

-0.15 

5.0 

50.0 

4.90 

-0.10 

5.0 

1000.0 

4.95 

-0.05 

5.0 

1000.0 

5.00 

0.0 

4.0 

Sn++++ 

50.0 

4.10 

+0.10 

4.0 

100.0 

3.90 

-0.10 

4.0 

200.0 

3.95 

-0.05 

5.0 

500.0 

5.00 

0.0 

5.0 

500  0 

4.80 

-0.20 

3.0 

Pb  +  + 

30.0 

3.0 

0.0 

4.75 

1000.0 

4.80 

+  0.05 

4.75 

1000.0 

4.80 

+  0.05 

6.0 

200.0 

6.0 

0.0 

5.0 

100.0 

5.10 

5.05 

+  0.05 

5.0 

100.0 

5.20 

5.10 

+  0.10 

5.0 

Zn  +  + 

100.0 

5.10 

5.00 

0.0 

5.0 

100.0 

4.95 

4.85 

-0.15 

3.0 

200.0 

3.00 

0.0 

4.0 

200.0 

3.90 

-0.10 

-3.0 

Cd  +  + 

200.0 

3.15 

+  0.15 

4.0 

200.0 

4.05 

+  0.05 

5.0 

100.0 

5.05 

5.00 

0.0 

5.0 

Co  +  + 

100.0 

5.00 

5.00 

0.0 

5.0 

200.0 

5.00 

5.05 

+  0.05 

5.0 

Ni  +  + 

100.0 

5.00 

4.90 

-0.10 

5.0 

125.0 

4.90 

5.15 

+  0.15 

5.0 

Mn  +  + 

100.0 

5.10 

5.00 

0.0 

5.0 

200.0 

5.05 

4.95 

-0.05 

5.0 

Bi  +  +  + 

50.0 

5.10 

5.10 

+  0.10 

5.0 

500.0 

5.15 

+  0.15 

5.0 

200.0 

5.00 

5.15 

+  0.15 

5.0 

Hg  +  + 

20.0 

5.00 

0.0 

5.0 

20.0 

4.80 

-0.20 

5.0 

30.0 

4.25 

-0.75 

5.0 

30.0 

4.20 

-0.80 

5.0 

Ag  + 

20.0 

4.90 

-0.10 

5.0 

20.0 

4.95 

-0.05 

5.0 

30.0 

3.50 

-1.50 

5.0 

30.0 

4.0 

-1.00 

Dilute  exactly  10  ml.  of  the  concentrated  standard  to  100  ml. 
After  mixing,  dilute  exactly  10  ml.  of  the  intermediate  solution 
to  1000  ml.  to  prepare  the  working  standard,  containing  1  micro¬ 
gram  per  ml. 

PREPARATION  OF  SAMPLE 

Weigh  and  transfer  to  a  500-ml.  Kjeldalil  flask  a  portion  of 
well-mixed  food  or  biological  material  containing  less  than  70 
micrograms  of  copper.  Add  10  to  15  ml.  of  c.p.  nitric  acid,  re¬ 
distilled,  and  2  short  lengths  (about  1.25  cm.,  0.5  inch)  of  copper- 
free,  thin-walled  glass  tubing  to  prevent  superheating.  Add 
exactly  10  ml.  of  c.p.  sulfuric  acid.  Heat  the  contents  of  the 
flask  over  a  direct  flame,  maintaining  oxidizing  conditions  at  all 
times  by  the  dropwise  addition  of  nitric  acid.  Oxidation  is  com¬ 
plete  when  there  is  no  perceptible  darkening  of  the  fluid  upon  the 
appearance  of  thick  white  fumes  of  sulfur  trioxide.  The  final 
solution  should  be  colorless,  or  at  most  straw-colored.  Continue 
heating  about  5  minutes  after  this  stage  is  reached  to  assure  com¬ 
plete  digestion. 

Cool  the  flask,  add  50  ml.  of  redistilled  water,  and  resume 
heating  until  sulfur  trioxide  fumes  appear.  Repeat  the  dilution 
and  evaporation  in  order  to  remove  all  oxides  of  nitrogen.  Cau¬ 
tion  must  be  exerted  at  this  point  to  avoid  superheating,  especially 
when  digesting  milk.  Use  of  a  hot  flame  and  constant  shaking 
until  boiling  has  begun  are  helpful.  The  reappearance  of  a  pre¬ 


cipitate  is  a  signal  to  resume  shaking.  Transfer  the  contents  of 
the  flask  to  a  100-ml.  volumetric  flask,  and  dilute  to  volume  with 
redistilled  water.  Conduct  a  blank,  using  10  ml.  of  sulfuric  acid, 
and  approximately  the  same  quantity  of  nitric  acid  as  in  the 
sample. 

When  digesting  substances  which  foam,  it  is  more  satisfactory 
to  carry  out  the  heating  for  some  time  without  the  addition  of  the 
sulfuric  acid.  When  the  oxidation  seems  to  be  almost  complete, 
cool  the  mixture,  add  10  ml.  of  sulfuric  acid,  and  carry  the  di¬ 
gestion  to  completion. 

PROCEDURE 

Pipet  a  suitable  aliquot  of  the  sample  solution  (containing  less 
than  7  micrograms  of  copper)  into  a  Mojonnier  extraction  flask 
and  add  sufficient  redistilled  water  to  make  a  volume  of  25  ml. 
Add  3  drops  of  cresol  red  solution  and  bring  the  contents  of  the 
flask  to  the  yellow  color  of  the  indicator  range  by  dropwise 
addition  of  c.p.  concentrated  ammonium  hydroxide.  Add  2  ml. 
of  the  buffer  reagent  and  exactly  20  ml.  of  the  dilute  dithizone 
solution,  shake  for  10  minutes,  and  discard  the  aqueous  layer. 
Add  10  ml.  of  acidic  potassium  iodide  solution  to  the  flask  and 
shake  for  2  minutes.  Discard  the  aqueous  layer,  and  draw  off 
the  last  2  or  3  drops  with  the  aid  of  a  pipet  bent  slightly  at  the 
tip.  Transfer  to  a  cuvette  and  determine  the  transmittance  or 
optical  density  of  the  solution  in  the  spectrophotometer  at  520 
millimicrons,  with  a  blank  determination,  which  has  been  treated 
in  the  same  manner  as  the  sample,  set  at  100%  transmittance  or 
0  optical  density.  Determine  the  concentration  of  copper  from 
a  previously  prepared  calibration  curve. 

PREPARATION  OF  CALIBRATION  CURVE 

Pipette  1-,  2-,  3-,  4-,  5-,  and  6-ml.  quantities  of  copper  standard 
(containing  1  microgram  of  copper  per  ml.)  into  six  extraction 
flasks,  with  a  seventh  to  serve  as  a  blank.  Add  5  ml.  of  10% 
sulfuric  acid  to  each  of  the  seven,  and  add  sufficient  redistilled 
water  to  make  a  volume  of  25  ml.  Continue  as  with  the  unknown 
sample  and  determine  the  transmittance  or  optical  density  in  the 
spectrophotometer  at  520  millimicrons.  Plot  the  transmittance, 
optical  density,  or  log  transmittance  value  against  the  known 
concentration  of  copper  in  each  sample. 

EXPERIMENTAL  FINDINGS 

Recovery  of  Copper  from  Solutions  Containing  Con¬ 
taminating  Metals.  Known  amounts  of  copper  and  other 
metals  whose  effects  as  interfering  substances  were  to  be  tested 
were  placed  in  glass-stoppered  Mojonnier  fat-extraction  flasks, 
5  ml.  of  10%  sulfuric  acid  were  added,  and  the  volume  was  made 
up  to  25  ml.  with  redistilled  water.  The  procedure  described 
above  for  copper  was  then  followed.  The  amount  of  copper 
recovered  in  each  case  was  read  from  a  calibration  curve  prepared 
with  known  amounts  of  copper. 

Table  I  describes  the  results  obtained  upon  the  addition  of 
metals  whose  presence  is  likely  in  food  products  or  biological 
material.  Overwhelming  amounts  of  lead,  zinc,  cadmium,  cobalt, 
nickel,  and  manganese  do  not  influence  the  quantitative  extrac¬ 
tion  of  copper,  since  these  metals  do  not  react  with  dithizone  at 
the  pH  chosen.  This  fact  is  demonstrated  by  the  quantitative 
recovery  of  copper  from  solutions  containing  the  above-men¬ 
tioned  contaminants  when  the  extraction  with  acidic  potassium 
iodide  is  omitted. 

Stannous  tin  and  ferrous  iron,  two  possible  interfering  sub¬ 
stances,  are  of  no  consequence  since  the  method  of  sample  prepa¬ 
ration  oxidizes  them  to  their  higher  valences  in  which  they  are 
not  reactive  with  dithizone. 

Although  previous  workers  (f ,  10)  have  said  that  small  amounts 
of  bismuth  are  extracted  at  a  pH  of  2.3  and  must  be  removed  by 


Table  II.  Recovery  of  Copper  from  Solutions  of  Varying  pH 


pH  of 
Solution 

pH  of  Solution 
after  Addition 
of  Buffer 

Cu  added 

Cu 

Recovered 

Error 

1.6 

1.8 

Micrograms 

5.0 

Micrograms 

5.10 

Microgram 

+0.10 

1.6 

1.8 

5.0 

4.90 

-0.10 

1.8 

2.0 

5.0 

4.80 

-0.20 

1.8 

2.0 

5.0 

4.95 

-0.05 

2.3 

2.4 

5.0 

4.95 

-0.05 

2.3 

2.4 

5.0 

4.90 

-0.10 

6.8 

2.8 

5.0 

4.90 

-0.10 

6.8 

2.8 

5.0 

5.00  ' 

0.0 
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Table  III.  Effect  of  Dithizone  Strength  upon  Recovery  of  Copper 


Dithizone 

Copper 

Copper 

Error 

Concentration 

Added 

Recovered 

Mg. /I.  CCU 

M  zero  grams 

Micrograms 

Microgram 

7.0 

5.0 

5.05 

+  0.05 

7.0 

5.0 

4.85 

-0.15 

7.0 

5.0 

4.95 

-0.05 

7.5 

5.0 

5.0 

0.0 

7.5 

5.0 

5.0 

0.0 

7.5 

5.0 

5.05 

+  0.05 

8.0 

5.0 

4.85 

-0.15 

8.0 

5.0 

5.05 

+  0.05 

8.0 

5.0 

5.05 

+  0.05 

potassium  iodide  extraction,  this  fact  has  not  been  confirmed  in 
the  present  study.  Experimental  findings  shown  in  Table  I  indi¬ 
cate  that  bismuth  is  not  extracted  at  this  pH. 

Silver  and  mercury,  however,  are  extracted  more  readily  than 
copper  at  the  pH  chosen.  For  this  reason,  the  method  as  outlined 
above  will  tolerate  the  presence  of  only  20  micrograms  of  either 
of  these  two  metals.  However,  since  the  dithizonates  of  both 
of  these  metals  are  yellow,  their  interference  is  easily  detected. 

Effect  of  Small  Variations  in  Extraction  pH.  Known 
amounts  of  copper  were  placed  in  Mojonnier  fat-extraction 
flasks,  acid  and  water  added  to  make  volumes  of  25  ml.,  and  the 
pH  values  were  varied  from  J..6  to  6.8.  These  pH  values  were 
selected  because  they  correspond  to  the  faint  pink  color  on  both 
the  acid  and  alkaline  side  of  the  desired  yellow  color  of  cresol 
red  indicator.  Furthermore  they  correspond  to  the  maximum 
error  likely  to  be  encountered  in  pH  adjustment  during  routine 
analyses. 

Table  II  shows  (1)  the  buffering  capacity  of  the  citric  acid- 
phosphate  buffer,  and  (2)  that  small  variations  in  pH  have  no 
effect  upon  ‘the  quantitative  extraction  of  copper  when  the 
shaking  time  is  10  minutes. 

Effect  of  Variations  in  Shaking  Time.  The  authors’ 
findings  in  general  corroborate  those  of  Bendix  and  Graben- 
stetter  ( 1 )  in  that  in  most  cases  all  copper  is  extracted  in  6 
minutes.  However,  because  of  small  individual  variations  it 
was  decided  that  a  10-minute  shaking  time  was  a  safer  routine 
practice. 

Effect  of  Small  Variations  in  Dithizone  Strength.  Re¬ 
covery  of  known  amounts  of  copper  was  determined  in  the  usual 
manner,  except  that  the  dithizone  solution  concentration  was 
varied  to  a  slight  extent  in  order  to  determine  its  effect  upon  the 
transmittance.  Clifford  (2)  has  pointed  out,  relative  to  the  deter¬ 
mination  of  lead  by  the  mixed  color  method,  that  since  the 
amount  of  metal  present  is  based  upon  the  measurement  of  the 
light  absorption  of  the  red  phase  of  the  color  mixture  at  a  wave 
length  where  the  absorption  of  the  green  dithizone  is  small, 
variations  in  the  concentration  of  free  dithizone  must  be  con¬ 
siderable  to  influence  the  results  appreciably.  Table  III  points 
out  that  this  statement  is  just  as  true  in  the  determination  of 
copper,  and  that  recovery  of  copper,  despite  small  variations  in 
dithizone  strength,  is  within  the  limits  of  error  claimed  for  the 
method. 

Application  of  Method.  Samples  of  several  biological 
products  were  analyzed  for  copper.  Recoveries  of  added  copper 
were  made  from  samples  of  dried  milk,  dried  eggs,  and  whole 
blood.  Results  of  some  of  the  dried  milks  were  checked  by  the 
Bendix  and  Grabenstetter  method  (I).  Table  IV  demonstrates 
that  copper  recoveries  from  biological  products  by  the  modified 
all-dithizone  method  are  satisfactory,  and  that  agreement  between 
this  method  and  the  method  of  Bendix  and  Grabenstetter  is  good. 

SUMMARY  AND  CONCLUSIONS 

The  chemical  literature  has  been  studied  for  the  purpose  of 
developing  a  quantitative,  reproducible,  rapid  method  for  the 
determination  of  copper  in  biological  products.  It  was  decided 
that  the  principles  embodied  in  the  method  of  Bendix  and  Gra¬ 
benstetter  possessed  the  soundest  chemical  basis.  Experience 


with  the  above-mentioned  method  pointed  out  that  it  could  be 
advantageously  modified.  The  authors’  innovations  consist  of 
a  change  in  the  strength  of  the  dithizone  solution,  the  use  of  the 
mixed  instead  of  the  mono  color  system  for  the  final  determination 
of  copper,  and  the  replacement  of  separatory  funnels  with 
Mojonnier  fat-extraction  flasks  for  all  extractions.  The  net 
effect  of  these  changes  is  to  make  the  determination  more  con¬ 
sistently  quantitative,  more  reproducible,  and  more  adaptable 
for  routine  use  in  the  hands  of  relatively  inexperienced  techni¬ 
cians.  Furthermore,  by  its  simplicity  the  modified  method 
readily  lends  itself  to  multiple  determinations,  a  weighty  factor 
in  the  routine  analytical  laboratory. 

Studies  upon  the  effect  of  interfering  substances  show  that  the 
method  is  specific  for  copper.  Interference  from  overwhelming 
amounts  of  other  possible  metallic  ions  is  shown  to  be  nonexistent, 
with  the  exception  of  silver  and  mercury,  whose  dithizonates  are 
easily  detectable  visually. 

Experimental  data  indicate  that  pH  is  not  a  critical  factor  if  a 
pH  of  2  is  approximated,  and  that  a  shaking  period  of  10  minutes 
allows  a  fair  margin  of  safety  for  quantitative  extraction  of  copper 
from  the  aqueous  solution.  Further  studies  demonstrate  that 
small  deviations  in  dithizone  strength  have  no  effect  upon  the 
quantitative  copper  recovery,  since  the  concentration  of  copper 
is  measured  at  a  wave  length  where  the  absorption  of  the  dithi¬ 
zone  itself  is  slight. 

Recoveries  of  added  copper  from  various  biological  products 
are  excellent,  values  of  better  than  ±0.2  microgram  being  ob¬ 
tained. 


Table  IV.  Analyses  of  Biological  Products 

Biological 

Copper  Content 
Bendix 

and 

Modified  Graben- 

dithizone  stetter 

Cu 

Cu 

Error 

Product 

method 

method 

Added 

Recovered 

P.p.m. 

P.p.m. 

P.p.m. 

P.p.m. 

P.p.m • 

Dried  whole  and 

0.98 

2.0  , 

3.00 

+0.02 

skim  milks 

0.98 

2.0 

2.80 

—  0. 18 

0.98 

3.0 

3.90 

—  0.08 

0.98 

3.0 

4.15 

+0.17 

0.98 

4.0 

4.80 

-0.18 

0.98 

4.0 

5.00 

+0.02 

2.39 

2.42 

1.34 

1.31 

1.39 

1.46 

0.59 

0.64 

.  -  - 

0.58 

0.52 

0.99 

1.11 

.  .  . 

1.34 

1.40 

0.45 

0.45 

Turkey  fat 

0.30 

0.38 

0.16 

0.64 

0.23 

Dried  whole  eggs 

5.35 

2.0 

7.40 

+0.05 

5.35 

2.0 

7.40 

-f-0  ■  05 

5.35 

4.0 

9.30 

-0.05 

5.35 

4.0 

9.20 

-0.15 

Horse  blood 

0.88 

1.50 

2.50 

+0.12 

0.88 

1.50 

2.24 

-0.14 

0.80 

0.50 

1.35 

+  0.05 

0.80 

0.50 

1.23 

-0.07 

0.80 

1.00 

1.78 

-0  02 

0.80 

1.00 

1.75 

-0.05 
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Simple  Automatic  Control  for  Vacuum  Systems 


J.  J.  SPADARO,  H.  L.  E.  VIX, 
and  E.  A.  GASTROCK 

Southern  Resional  Research  Laboratory,  New  Orleans,  La. 

A  MODIFICATION  of  a  commercial  type  of  Cartesian  mano- 
stat  was  so  constructed  as  to  bleed  air  to  the  system  rather 
than  throttle  or  modulate  the  vacuum  supply.  No  electrical 
connections  are  required  and  the  unit  can  thus  be  safely  used  with 
systems  handling  inflammable  solvents  under  conditions  where 
manostats  as  described  by  Munch  ( 1 )  might  be  undesirable. 

Operation.  This  modified  manostat  is  illustrated  in  Figure  1. 
The  valve  unit  is  adjusted  so  that  the  rubber  disk,  E,  rests  on 
the  orifice  when  the  lower  end  of  the  wire  is  approximately  1  mm. 
from  the  top  of  the  floating  bell.  Stopcocks  B  and  H  remain  open 
until  the  vacuum  approaches  10  mm.  of  the  desired  reduced  pres¬ 
sure.  B  is  then  closed,  while  H  remains  partially  open.  The 
exact  reduced  pressure  desired  is  obtained  by  adjusting  the  rub¬ 
ber  disk  on  the  wire.  Functioning  of  the  manostat  is  indicated  by 
the  continuous  and  rapid  axial  modulation  of  the  valve  unit. 

The  operation  is  produced  as  follows:  Since  equal  pressures 
must  be  maintained  in  the  mercury-sealed  chamber,  K,  and  in 
chamber  J  leading  to  the  system,  a  change  of  pressure  in  J  causes 
an  upward  or  downward  displacement  of  mercury  in  this  chamber, 
thereby  raising  or  lowering  the  floating  bell,  D.  This  in  turn 
opens  or  closes  orifice  G,  thus  maintaining  the  equilibrium  in  the 
two  chambers. 

A  2-mm.  orifice  controls  reduced  pressures  down  to  200  mm.  of 
mercury  (absolute)  and  a  1-mm.  orifice  controls  pressures  be¬ 
tween  220  and  30  mm.  The  reduced  pressure  in  a  system  can 
be  automatically  controlled  to  within  ±0.25  mm.  of  mercury  by 
proper  adjustments  of  the  orifice,  valve  unit,  and  petcock  B. 
After  proper  adjustments  are  made  the  pressure  can  be  controlled 
for  an  indefinite  period  of  time  with  no  drifting  of  pressure  within 
the  system. 

Two  modified  manostats  as  described  have  been  successfully 
used  in  the  Southern  Regional  Research  Laboratory  for  several 
months. 
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A.  Main  body  of  manostat 

B,  Stopcock 

C.  Section  for  mercury  seal 

D,  Floating  bell 

Valve  unit  consists  of  adjustable  rubber  disk,  E,  attached  to  a  rigid  non- 
corrosive  wire,  F,  free  to  move  axially  through  orifice  G. 


Absorption  Spectrum  of  the  Antimony  Trichloride-Ergosterol 

Reaction  Product 

ALEXANDER  MUELLER,  Gelatin  Products  Corporation,  Detroit,  Mich. 


DURING  the  course  of  investigating  the  antimony  trichloride 
absorption  spectrum  of  vitamin  D  at  500  m #*,  according  to 
the  method  described  by  Nield,  Russell,  and  Zimmerli  (S),  it  was 
observed  that  solutions  of  the  antimony  trichloride  reaction 
products  of  irradiated  ergosterol  exhibit  an  absorption  band  at 
393  nm  as  well  as  at  500  mju.  Further  investigation  of  the  ab¬ 
sorption  spectra  of  the  antimony  trichloride  reaction  products 
of  pure  samples  of  calciferol  (vitamin  D2)  obtained  from  Win- 
throp  Chemical  Co.  and  of  pure  ergosterol  obtained  from  Stand¬ 
ard  Brands,  Inc.,  indicates  the  absorption  maximum  at  393  my. 
to  be  due  to  ergosterol.  The  absorption  maximum  at  393  myu  is 
sharp  and  well  defined,  having  a  molecular  extinction  coefficient 


of  9122  and  an  E\%m%  value  of  230.0  ±  3%  (average  of  20  trials). 
Two  additional  absorption  maxima  were  observed  at  322  m/i  and 
510  my  with  E\%m  values  of  68.0  and  25.0,  respectively.  These 
measurements  were  performed  on  a  sample  of  ergosterol  which 
was  shown  to  be  100%  pure  by  a  measurement  of  its  ultraviolet 
absorption  spectrum. 

The  absorption  maximum  at  393  mu  was  found  to  be  stable 
for  the  period  from  2  to  10  minutes  following  preparation  of  the 
antimony  trichloride-ergosterol  reaction  product,  making  it 
possible  to  make  very  satisfactory  quantitative  measurements 
of  its  intensity.  The  absorption  spectrum  of  the  antimony  tri¬ 
chloride-calciferol  reaction  product  shows  no  absorption  bands 
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1  the  300  to  400  m/i  region.  These  results  indicate  that  a  meas- 
rement  of  the  absorption  maximum  at  393  m/n  of  the  antimony 
richloride  reaction  product  of  irradiated  ergosterol  should  offer  a 
itisfaetory  method  for  the  quantitative  determination  of  the 
rgosterol  present.  The  absorption  maxima  at  322  and  510  m/i  are 
f  low  intensity  and  not  satisfactory  for  quantitative  measurement, 
ut  are  helpful  in  the  qualitative  identification  of  ergosterol. 
l  more  detailed  report  on  a  spectrophotometric  method  for  the 
uantitative  determination  of  ergosterol  in  the  presence  of 
itamins  D,  cholesterol,  and  7-dehydrocholesterol  based  upon  the 
bservation  is  reported  in  this  issue  (2). 


The  spectrophotometric  measurements  were  made  with  a 
Beckman  Model  DU  spectrophotometer  and  incandescent  light 
source.  The  details  of  the  procedure  used  in  carrying  out  the 
antimony  trichloride  reaction  are  the  same  as  described  by  Ewing, 
Kingsley,  Brown,  and  Emmett  (1 ). 
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Large-Size  Laboratory  Soxhlet  Extractor 

RALPH  SALKIN  AND  IRVING  ALLAN  KAYE1 
Research  Laboratory,  Endo  Products,  Inc. 

Richmond  Hill  18,  N.  Y. 


N  AN  investigation  involving  the  extraction  of  plant  lipids, 

I  the  need  arose  for  an  apparatus  which  could  efficiently  ex- 
ract  25  to  30  pounds  of  finely  ground  milkweed  seeds.  Although 
Lumerous  extractors  of  different  capacities  have  been  described 
n  the  chemical  literature,  it  was  felt  that  the  type  described  by 

1  Present  address,  Brooklyn  College,  Brooklyn,  N.  Y. 


Rapp,  Woodmansee  and  McHargue  (1)  was  most  satisfactory. 
This  extractor  can  be  used  for  a  Soxhlet-type  of  extraction  with 
hot  solvent.  In  preparing  a  smaller  model  of  this  apparatus, 
several  simplifications  in  fabrication  were  introduced,  enabling 
it  to  be  constructed  from  materials  readily  available  in  most  re¬ 
search  laboratories  and  manufacturing  plants. 


Figures  1 ,  2,  3,  and  4.  Diagram  of  Laboratory  Soxhlet  Extractor,  Showing 
Details  of  Construction  and  Dimensions 


CONSTRUCTION  OF  EXTRACTOR 

The  extractor  is  shown  in  Figure  1.  The  boiler, 
A,  consists  of  a  5-gallon  wide-mouthed  Pyrex  bottle 
set  in  a  steam  bath,  D,  of  appropriate  size.  The 
vapor  tube,  E,  made  of  1.0-inch  brass  pipe  and 
fittings,  with  a  union  adjacent  to  the  extraction 
chamber,  B,  to  facilitate  dismantling,  is  attached 
to  A  by  means  of  an  adapter,  F.  It  is  advisable  to 
lag  the  vapor  tube,  E,  with  1.0-inch  asbestos  pipe 
covering. 

The  upper  part  of  the  adaptor,  F i,  con¬ 
sists  of  a  6-inch  square  (Figure  2)  of  0.25- 
inch  sheet  brass  having  a  hole  tapped  with  a 
1-inch  I.P.S.  It  consists  of  a  hole  for  the  siphon 
tube,  G,  and  four  corner  holes  for  bolts.  The 
bottom  half  of  the  adaptor,  F 2,  is  made  of  1-inch 
wood,  the  inside  hole  being  lined  with  sheet  cork. 
The  details  are  given  in  the  drawing.  A  vapor- 
tight  seal  is  obtained  by  use  of  either  an  asbestos 
or  sheet  cork  gasket  in  conjunction  with  any 
vegetable-base  pipe-joint  compound.  A  sound 
cork,  in  conjunction  with  the  pipe-joint  compound, 
may  be  substituted  for  the  adaptor. 

The  siphon  tube,  G,  is  made  of  0.31-inch  outside 
diameter  copper  tubing  which  is  soldered  into  F 1, 
and  coupled  with  the  extraction  chamber,  B,  by 
means  of  a  0.125-inch  union,  G\.  The  diameter 
of  G  for  the  particular  application  was  found  to  be 
important.  Tubing  of  larger  diameter  was  ap¬ 
parently  inadequate  to  provide  proper  siphon 
action,  the  solvent  merely  spilling  over  as  rapidly 
as  it  was  condensed.  The  optimum  diameter  ap¬ 
pears  to  depend  on  several  operational  variables— 
e.g.,  rate  of  distillation,  temperature  of  con¬ 
densate,  etc.  A  sharp  bend  is  important  in  fa¬ 
cilitating  siphoning. 

B  is  made  from  a  sheet-metal  batch  can  ol 
about  12-gallon  capacity,  the  type  used  in  ship¬ 
ping  bulk  chemicals.  It  has  a  beaded  top  edge,  Bx 
(Figure  3),  and  recessed  cover,  B 2,  containing  a 
gasket.  The  cover  and  can  were  coupled  in  a 
solvent-tight  seal  by  means  of  a  metal  ring 
(furnished  as  an  integral  part  of  the  can),  B3. 
The  best  type  of  gasket  was  found  to  be  Johns- 
Manville  style  No.  3223/l6-inch  packing.  After 
repeated  use,  it  showed  no  signs  of  wear. 

B  is  provided  with  an  internal  steam  coil,  B 4, 
made  of  0.31-inch  outside  diameter  copper  tubing 
(about  6  to  7  coils  are  adequate).  This  coil  serves 
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a  dual  purpose,  enabling  the  extraction  to  be  performed 
at  elevated  temperatures  and  facilitating  the  drying  of  the 
extracted  material  in  the  final  recovery  of  the  solvent.  The 
tubing  is  attached  to  B  by  inserting  two  1-inch  lengths  of 
0.5-inch  running  thread  through  holes  reamed  in  the  side  of  the 
can  and  securing  them  in  place  by  lock-nuts  and  fiber  washers  of 
appropriate  size.  The  precoiled  tubing  is  placed  in  the  extraction 
chamber,  the  ends  of  the  tubing  passing  through  the  nipples  and 
being  held  in  place  inside  the  nipples  by  asbestos  tape.  Solder  is 
then  poured  into  the  remaining  space.  The  openings  for  the  si¬ 
phon  tube  on  the  bottom  of  the  can  and  for  the  condenser  on  the 
top  of  the  can  are  made  in  a  similar  manner,  except  that  no  solder 
is  needed. 

A  breather  tube,  to  facilitate  siphoning,  is  made  of  L-shaped 
copper  tubing  0.25  inch  in  outside  diameter,  which  extends  from 
the  siphon  tube  along  the  bottom  and  up  the  side  of  the  can 
above  the  siphoning  level. 

The  material  to  be  extracted  is  placed  in  a  strong  canvas  bag 
with  a  pull-cord  top.  The  bag  fits  snugly  into  the  can  and  is 
placed  on  a  circular  piece  of  1.0-inch  mesh  which  is  raised  slightly 
from  the  bottom  of  the  can  to  facilitate  siphoning. 

In  constructing  the  stand,  I,  for  the  extraction  chamber,  0.5- 
inch  pipe  is  used. 

The  condenser  coil,  Ci  is  made  of  0.25-inch  outside  diameter 
copper  tubing  tightly  wound,  the  ends  projecting  through  a  2.0- 
inch  brass  plug,  C2,  and  soldered  in  place.  C2  is  screwed  into  a 
2.0-inch  tee,  C3,  which  is  attached  to  a  24-inch  length  of  2.0-inch 
pipe.  The  latter  is  attached  to  the  extraction  chamber  by  means 
of  a  2.0-inch  brass  coupling,  C4. 

To  adapt  this  apparatus  for  downward  distillation,  C  is  dis¬ 
mantled,  a  2.0-inch  street  ell,  Cb  (Figure  4),  is  screwed  into  C4,  a 


2.0-inch  nipple  is  screwed  into  the  street  ell,  and  the  condenser  is 
screwed  to  this  nipple  as  shown.  To  facilitate  collection  of  the 
recovered  solvent,  the  pipe  size  of  the  condenser  is  reduced  to 
0.75  inch  by  means  of  a  reducing  coupling  and  a  6.0-inch  nipple 
C'6,  which  passes  through  a  sound  stopper  into  a  wide-mouthed 
receiver.  This  stopper  also  bears  an  L-shaped  piece  of  tubing,  H, 
as  illustrated.  If  it  is  desired  to  dry  the  extracted  material  com¬ 
pletely  and  remove  all  but  traces  of  solvent  from  the  extracted 
oil,  steam  may  be  passed  through  the  coil  of  the  extractor  cham¬ 
ber  and  through  the  steam  bath,  D. 

A  capillary  may  be  inserted  through  the  tee  at  the  top  of  the 
vapor  tube,  E,  and  gentle  suction  applied  at  H  for  more  efficient 
removal  of  solvent. 

If  the  material  to  be  extracted  is  intended  for  food  use  and 
copper  and  brass  may  lead  to  possible  future  deterioration, 
block  tin  tubing  may  be  substituted  for  copper  and  Monel  fittings 
used  in  place  of  brass. 

CONCLUSION 

The  apparatus  described  is  efficient,  giving  values  that  closely 
approximate  quantitative  determinations  in  the  conventional 
all-glass  apparatus.  The  over-all  solvent  recovery  is  good,  vary¬ 
ing  from  80  to  90%,  dependent  on  the  solvent. 
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Colorimetry  for  Chemists.  M.  G.  Mellon.  120  pages.  The  G. 

Frederick  Smith  Chemical  Co.,  867  McKinley  Ave.,  Columbus, 

Ohio,  1945.  Price,  heavy  board  back,  $1.00;  paper  cover,  free. 

In  this  120-page  booklet,  the  author  discusses  the  application  of 
colorimetry  in  its  broader  sense  to  the  problems  of  chemistry.  In 
addition  to  the  chemist’s  common  concept  of  colorimetry  as  the 
measurement  of  the  concentration  of  a  colored  constituent,  or  a  con¬ 
stituent  which  can  be  transformed  into  a  colored  form,  the  meas¬ 
urement  and  use  of  such  color  quality  factors  as  the  dominant  wave 
length,  purity,  and  brightness  are  described  in  some  detail. 

The  distinguishing  features  and  limitations  of  typical  commer¬ 
cially  available  instruments  are  briefly  discussed.  Recognition  of 
the  limitations  of  instrumentation  has  prompted  the  author  to  make 
a  very  timely  plea  for  more  uniformity  in  the  presentation  of  data 
for  publication,  especially  for  the  inclusion  of  information  necessary 
to  the  critical  evaluation  of  the  data.  The  author  includes  a  very 
brief  section  on  the  interpretation  of  transmission  and  reflectance 
curves  in  terms  of  the  corresponding  I.C.I.  tristimulus  coefficients, 
luminance,  dominant  wave  length,  and  purity. 

This  publication  should  hold  considerable  interest  for  chemists 
planning  colorimetric  studies;  it  should  aid  the  experienced  in  ob¬ 
taining  even  more  useful  and  valuable  information  from  available 
equipment;  and  it  should  serve  as  a  guide  in  the  preparation  of  mate¬ 
rial  for  publication  in  the  chemical  literature. 

O.  R.  Alexander 


Polarographic  and  Spectrographic  Analysis  of  High  Purity  Zinc  and 
Zinc  Alloys  for  Die  Casting.  A.  S.  Nickelson  and  ./.  E  B.  Randles. 
ix  +  117  pages.  H.  M.  Stationery  Office,  London,  1945.  Price, 
5  s. 

This  book,  which  is  composed  of  four  papers,  gives  a  detailed  ac¬ 
count  of  the  experimental  work  carried  out  from  1941  to  1944  by  the 
British  Standards  Institution  Panels  in  connection  with  its  commis¬ 
sion  to  prepare  and  recommend  methods  for  the  polarographic  and 


spectrographic  analysis  of  zinc  and  zinc  alloys  for  die  casting.  The 
first  paper  (32  pages)  deals  with  the  polarographic  determination  of 
impurities.  The  balance  of  the  text  reports  on  the  use  of  spectro¬ 
graphic  methods  involving  three  different  types  of  excitation.  The 
simple  condensed  spark  is  employed  for  the  determination  of  alloying 
constituents  (aluminum,  copper,  and  magnesium).  An  intermittent 
alternating  current  arc  of  high  sensitivity  and  reproducibility  is 
described  for  the  determination  of  impurities  in  samples  which  are 
employed  as  solid  electrodes.  The  concluding  paper  describes  an 
oxide-direct  current  arc  method  which  is  based  on  solution  of  the 
metal. 

The  polarographic  section  disscusses  theoretical  aspects  and  pays 
particular  attention  to  the  behavior  of  tin,  copper,  and  iron.  The 
discussions  of  the  behavior  of  tin  and  of  the  methods  for  removing 
interferences,  particularly  copper,  are  valuable. 

The  papers  dealing  with  the  spectrographic  method  describe  in 
detail  the  aspects  familiar  to  all  spectrographers.  Factors  affecting 
sensitivity  and  accuracy,  such  as  types  of  and  variation  in  excitation 
conditions,  the  influence  of  certain  elements  on  the  radiations  due  to 
another,  the  types  and  shapes  of  electrodes,  the  choice  of  analytical 
and  internal  standard  lines,  etc.,  have  been  studied.  The  last  paper 
also  gives  an  excellent  description  of  plate  calibration  techniques  by 
two  methods,  one  based  on  the  Schwarzschild  law  and  the  other  em¬ 
ploying  a  step  filter. 

The  book  lacks  sufficient  literature  references,  but  will  prove  useful 
as  a  practical  guide  in  the  analysis  of  the  specific  materials  to  which  the 
methods  have  been  applied.  The  experiences  which  are  reported 
when  combined  with  more  recent  developments  should  result  in  modi¬ 
fications  which  will  improve  the  convenience  and  accuracies  of  the  ap¬ 
plications.  Steps  in  this  direction  would  appear  to  be  (1)  in  the 
polarographic  method,  the  incorporation  of  Lingane’s  method  for  re¬ 
moving  copper  interference  by  electrolytic  separation  at  controlled 
potential  with  a  mercury  cathode,  and  (2)  in  certain  spectrographic 
applications,  the  use  of  the  high-voltage  alternating  current  arc  com¬ 
bined  with  photometry  based  on  plate  calibration  and  background 
correction  as  employed  in  American  practice. 

J.  Cholak 
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Editorial  Policies 


W  Iothing  is  certain  in  the  field  of  chemistry  but  change.  Certainly  the 
*  ^  field  of  analytical  chemistry  has  been  no  exception  during  the  past 
decade,  although  perhaps  the  changes,  revolutionary  as  they  are  to  the 
analyst,  have  not  been  given  the  spectacular  recognition  accorded  new 
developments  in  industrial  chemistry. 

The  editorial  policies  of  the  Analytical  Edition  have  been  determined 
solely  on  the  basis  of  meeting  promptly  and  efficiently  the  changing  require¬ 
ments  of  the  analytical  chemist  and  analytical  chemistry.  The  innova¬ 
tions  that  should  be  introduced  have  been  the  subject  of  many  earnest 
deliberations  by  the  editors  and  the  Advisory  Board  of  the  Analytical 
Edition.  This  is  particularly  true  of  the  past  three  years,  when  the  board 
has  been  active  and  has  met  at  regular  and  frequent  intervals. 

A  statement’ at  this  time  outlining  the  present  aims  and  purposes  of  the 
journal  will  serve  a  most  useful  function,  clarifying  for  our  readers  the 
views  and  policies  of  the  editors.  Your  editor,  Associate  Editor  L.  T. 
Hallett,  and  Assistant  Editors  G.  Gladys  Gordon  and  Stella  Anderson  have 
cooperated  in  the  preparation  of  three  statements  which  we  hope  will  be 
read,  digested,  and  commented  on.  The  first,  discussing  the  scope  of  the 
journal,  appears  on  page  218  of  this  issue;  the  second,  describing  style 
requirements,  will  be  published  in  the  May  issue,  and  this  will  be  followed 
by  a  detailed  explanation  of  the  reviewing  system  which  will  be  printed 
in  the  June  number. 
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Scope  of  the  Analytical  Edition 


Whenever  a  paper  is  written  for  publication,  the 
author  must  decide  to  which  journal  it  may  most 
suitably  be  sent.  Some  authors  make  a  conscious 
effort  to  see  that  the  type  and  style  of  the  article  con¬ 
form  to  the  standards  or  scope  of  the  journal  chosen, 
as  they  interpret  them;  others,  it  would  appear,  give 
little  thought  to  this. 

When  the  Analytical  Edition  was  established  in 
1929,  it  was  intended  to  serve  the  analytical  chemist 
by  segregating  for  him  worth  while  contributions  in 
analytical  methods  and  improvements  in  analytical 
apparatus  in  the  broad  field  of  industrial  and  engi¬ 
neering  chemistry.  While  applied  analysis  has  re¬ 
ceived  much  attention  during  succeeding  years,  the 
journal  has  become  much  broader  than  its  original  con¬ 
ception.  This,  together  with  the  expanded  interests 
of  the  analytical  chemist  due  to  the  development  of 
new  techniques  and  instruments,  gives  point  to  a  short 
discussion  for  the  guidance  of  authors  on  the  types  of 
papers  which  the  editors  of  the  Analytical  Edition 
consider  most  suitable,  so  that  the  publication  may 
better  serve  as  the  journal  for  analytical  chemistry  in 
all  its  branches. 

1.  A  paper  may  present  an  improved  or  new  pro¬ 
cedure  for  the  analysis  or  testing  of  some  element,  com¬ 
pound,  or  property,  details  of  which  must  be  accurately- 
presented,  so  that  others  can  duplicate  the  results. 
The  tools  used  may  be  chemical  or  physical,  and  the 
procedures  may  deal  with  organic,  inorganic,  physical, 
or  biological  chemistry.  The  physical  chemistry,  in 
many  cases,  may  approach  pure  physics. 

2.  A  review  paper  may  be  invited  or  submitted. 
Its  purpose  should  be  critical  evaluation  of  work  in  the 
given  field  during  a  specified  period,  rather  than  listing 
references  with  a  brief  abstract,  for  this  is  more  strictly 
a  bibliography.  A  bibliography  is  important  if  it  is 
complete,  and  can  be  invaluable  as  an  aid  in  research, 
but,  in  most  cases,  is  necessarily  so  specialized  as  to 
be  of  interest  to  only  a  limited  number  of  investigators 
and  consequently  does  not  often  find  a  place  in  the 
Analytical  Edition.  Review  papers  may  deal  with 
either  methods  or  instruments. 

3.  Papers  on  the  evaluation  of  analytical  results  or 
the  statistical  treatment  or  interpretation  of  analytical 
and  test  data  are  becoming  increasingly  important. 
Such  methods  can  point  out  human  and  method  errors 
and  provide  a  very  useful  means  of  eliminating  un¬ 
trustworthy  data  or  methods.  Some  papers  have 


been  published  in  this  field  in  the  Analytical  Edition; 
more  are  desired. 

4.  Papers  dealing  with  principles  and  theory  of 
analy  tical  chemistry  are  important,  in  that  they  form 
the  basis  for  new  approaches  to  analytical  chemistry 
and  the  better  understanding  of  old,  established 
methods.  They  are  of  interest  to  all  our  readers,  both 
academic  and  practical.  Such  a  paper  should  be  a 
thoughtful  discussion  of  analysis  and  does  not  neces¬ 
sarily  include  experimental  work.  Very  few  papers  of 
this  kind  have  been  submitted  to  the  Analytical 
Edition,  and  some  criticism  has  come  from  the  more 
theoretically  minded  analysts  that  this  is  a  weakness 
of  the  publication.  We  welcome  such  papers. 

5.  General  papers  on  the  college  training  of  person¬ 
nel  are  important,  as  well  as  those  which  deal  with  the 
training  programs,  organization,  and  operation  of 
analytical  laboratories  in  industry  and  in  research 
foundations.  The  function  of  the  research  analyst  in  a 
well-integrated  research  program  is  now  receiving 
greater  attention.  A  successful  attack  on  some  re¬ 
search  problems  is  sometimes  impossible  unless  re¬ 
search  on  methods  is  worked  out  in  advance,  or  carried 
on  simultaneously.  The  analyst  on  such  problems 
must  be  of  the  highest  caliber  both  as  a  chemist  and 
as  an  analyst.  While  these  phases  of  analytical  chem¬ 
istry  present  problems  to  many  hundreds  of  people, 
few  papers  on  these  subjects  appear. 

6.  Efficient  physical  equipment  and  layout  are  as 
important  as  properly  trained  personnel.  Many  times 
these  subjects  are  discussed  by  correspondence  be¬ 
tween  the  heads  of  analytical  laboratories,  but  papers 
discussing  these  problems  would  serve  a  larger  audience. 
Floor  plans  of  analytical  laboratories  have  been  pub¬ 
lished  in  the  Analytical  Edition  from  time  to  time, 
but  a  critical  statement  of  the  reasons  for  the  selection 
of  a  particular  laboratory  setup  would  enhance  their 
value. 

7.  The  application  and  development  of  instruments 
designed  for  analyses  are  likely  to  receive  greater  at¬ 
tention  from  authors.  The  increase  in  the  importance 
of  this  field  as  envisioned  by  your  editors  is  indicated 
by  the  monthly  articles  on  instrumentation,  written 
by  Ralph  H.  Muller,  that  began  to  appear  in  January 
of  this  year. 

There  may  be  other  subjects  which  our  readers  would 
like  to  see  discussed  in  the  Analytical  Edition.  We 
welcome  your  suggestions. 


Optical  Methods  in  Electrophoresis 

Principles,  Apparatus,  Determination  of  Apparatus  Constants,  and 
Application  to  Refractive  Index  Measurements 

L.  G.  LONGSWORTH 

Laboratories,  The  Rockefeller  Institute  for  Medical  Research,  New  York,  N.  Y, 


The  optical  equipment  developed  at  The  Rockefeller  Insti¬ 
tute  for  the  quantitative  study  of  refractive  index  gradients 
in  solution  is  described,  together  with  suggestions  for  its 
installation  and  adjustment.  This  equipment,  which  is 
based  on  the  Foucault-Toepler  schlieren  method,  also  in¬ 
corporates  the  author's  scanning  modification  and  the 
cylindrical  lens  arrangement  of  Philpot  and  Svensson.  Al- 

THE  optical  equipment,  as  developed  at  The  Rockefeller  In¬ 
stitute,  for  use  in  the  electrophoretic  analysis  of  proteins 
by  the  Tiselius  moving  boundary  method  (19),  has  been  dupli¬ 
cated  in  other  laboratories  and  has  been  made  available  com¬ 
mercially.  (The  complete  apparatus,  in  essentially  the  form 
described  here,  is  supplied  by  the  Klett  Mfg.  Co.,  New  York, 
N.  Y.)  As  a  result,  over  forty  installations  are  now  in  use  both 
here  and  abroad.  Although  based  on  Tiselius’  adaptation  of  the 
Foucault-Toepler  schlieren  method,  the  details  of  the  apparatus 
have  been  evolved  in  this  laboratory  and  an  adequate  description 
of  them,  which  is  given  in  this  paper  for  the  first  time,  should 
prove  of  value  to  investigators  in  the  field  of  electrophoresis. 
With  these  same  workers  in  mind  a  description  of  precise  meth¬ 
ods  for  testing  and  focusing  the  equipment  and  for  determining 
the  constants  of  the  apparatus  is  also  included.  Not  included  in 
this  article  are  descriptions  of  the  electrophoresis  process  nor  of 
the  moving  boundary  cell  and  its  accessories,  since  these  have 
been  adequately  treated  elsewhere  (7,  9,  10). 

Precise  interpretation  of  the  patterns  that  are  obtained  in  the 
electrophoresis  and  the  diffusion  of  proteins  has  been  hindered, 
however,  by  the  lack  of  adequate  data  on  the  refractive  indices 
of  solutions  of  these  materials.  This  is  especially  true  at  0°,  the 
temperature  at  which  proteins  are  frequently  studied.  Since  the 
optical  equipment  described  here  is  well  adapted  for  such  meas¬ 
urements  on  aqueous  solutions  in  general,  this  application  is  dis¬ 
cussed. 

PRINCIPLE  OF  THE  SCHLIEREN  METHOD 

The  essential  features  of  the  schlieren  method  may  be  described 
with  the  aid  of  Figure  1. 

An  image  at  P  of  the  point  source  of  light,  S,  is  formed  by  a 
lens,  L.  The  objective,  0,  of  a  camera  is  placed  just  to  the  right 
of  P  and  is  focused  on  L,  thereby  forming  an  image  of  this  lens 
on  the  screen  at  G. 

Each  portion  of  L  is  capable,  of  course,  of  forming  an  image  of 
point  S  and  if  this  lens  is  perfect  all  the  images  thus  formed  will 
superimpose  at  P.  If,  however,  a  portion  of  the  lens  is  imperfect, 
the  image  formed  by  this  area  will  not  coincide  with  the  other 
images. 


though  the  chief  use  of  the  apparatus  is  to  record  the  mov¬ 
ing  boundary  patterns  in  the  electrophoretic  analysis  of 
proteins  by  the  Tiselius  method,  this  application  has  been 
adequately  discussed  elsewhere  and  is  not  included  here. 
The  precise  measurement  of  refractive  index  differences  in 
aqueous  solutions  represents,  however,  a  recent  applica¬ 
tion  of  the  apparatus  and  is  described. 

In  Figure  1  an  exaggerated  imperfection,  idealized  as  a  tiny 
prism,  is  indicated  at  A  and  the  image  formed  by  this  portion  of 
the  lens  as  being  at  Q.  Normally  this  imperfection  is  not  visible 
in  the  image  of  the  lens  at  G,  since  it  is  a  property  of  the  camera 
objective  that  all  rays  originating  in  its  object  plane  are  brought 
to  focus  at  the  conjugate  points  in  the  image  plane  regardless  of 
the  portion  of  the  objective  through  which  they  pass.  It  is  as¬ 
sumed,  of  course,  that  the  intervening  regions  are  optically  homo¬ 
geneous.  If,  however,  the  opaque  screen,  D,  is  raised  so  as  to  in¬ 
tercept  the  light  forming  image  Q,  while  allowing  that  forming 
image  P  to  pass,  the  region  of  imperfection  will  become  visible 
at  A'  as  a  dark  area,  or  shadow,  in  the  otherwise  uniformly  il¬ 
luminated  image  of  the  lens,  L.  This  will  be  recognized  as  a 
simple  example  of  Foucault’s  knife-edge  test. 


Toepler  observed  that  if  the  lens,  L,  were  free  from  imperfec¬ 
tions  the  camera  could  be  focused  on  a  plane  in  front  of  that  lens 
and  variations  of  refractive  index  in,  or  near,  that  plane  could 
be  made  visible  as  shadows,  just  as  the  lens  imperfections  were 
rendered  visible  in  Foucault’s  test.  The  shadows  he  called 
schlieren  and  the  method  the  schlieren  method.  The  lens,  L,  of 
Figure  1,  is  called  the  schlieren  lens,  the  intercepting  screen,  D,  the 
schlieren  diaphragm,  and  the  camera  the  schlieren  camera.  An 
excellent  discussion  and  bibliography  of  the  schlieren  method  are 
given  in  Schardin’s  monograph  (13). 
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The  form  that  the  schlieren  method  takes  for  the  observation 
and  photography  of  refractive  index  gradients  that  occur  in 
moving  boundary  and  diffusion  studies  is  shown  diagrammati- 
cally  in  Figure  2.  In  this  case  gravity  ensures  that  the  density 
and,  in  general,  the  refractive  index  are  uniform  throughout  each 
horizontal  layer  in  the  boundary. 


fixed  distance  between  each  exposure,  and  is  shown  in  Figure  4,  a. 
The  progressive  broadening  of  the  schlieren  band  is  apparent. 
If  an  exposure  is  made  when  the  displacement  of  the  diaphragm 
from  the  normal  slit  image  is  Yy  -  F0,  for  example,  the  edges  of 
the  band  in  that  photograph  are  then  conjugate  to  the  levels  in 
the  channel  at  which  the  refractive  index  gradient  has  a  value 
proportional  to  Fi  —  F0.  The  proportionality  factor  is  {21), 
to  a  very  close  approximation,  the  product  a  X 
b,  in  which  a  is  the  dimension  of  the  channel 
parallel  to  the  optic  axis  and  b  is  the  optical  dis¬ 
tance  from  the  center  of  the  channel  to  the 
schlieren  diaphragm 


Y  —  F0  =  AF  =  abn' 


SCHLIEREN  SCANNING  METHOD 


(1) 


In  the  schlieren  scanning  procedure  (5)  the 
stepwise  recording  shown  in  Figure  4,  a,  is  made 
continuous. 


The  schlieren  lens,  L,  then  forms  at  F0  in  the  plane  of  the  schlie¬ 
ren  diaphragm,  D,  an  image  of  the  illuminated,  horizontal  slit, 
S.  The  camera  lens,  0,  is  now  focused  on  the  cell,  C  (Figure  2), 
and  forms  an  image  of  it  on  the  screen  at  G.  If  the  fluid  in  the 
cell  is  homogeneous  this  image  will  be  uniformly  illuminated. 
Suppose,  however,  that  a  boundary  between,  for  example,  a  pro¬ 
tein-bearing  solution  and  a  buffer  solution  is  present  in  the  chan¬ 
nel.  Such  a  boundary  will  consist  of  a  region,  B,  of  finite  thick¬ 
ness,  in  which  the  concentration  and  hence  the  refractive  index, 
n,  vary  continuously  with  the  height,  h,  from  its  constant  value 
in  one  homogeneous  solution  to  that  in  the  other  solution.  The 
gradient,  dn/dh,  of  refractive  index,  which  may  be  abbreviated 
to  n' ,  will  thus  vary  from  zero  to  a  maximum,  and  back  to  zero. 

In  Figure  2  the  variation  of  the  gradient  in  the  boundary  is 
indicated  by  the  density  of  the  shading.  Each  layer  of  solution 
in  this  boundary  acts,  therefore,  like  a  prism  and  deflects  the 
light  passing  through  it.  If  the  denser  solution  underneath  has 
the  higher  refractive  index,  as  is  usually  the  case,  the  deflection  is 
downward.  Moreover,  if  a  layer  is  sufficiently  thin  the  gradient 
may  be  considered  constant  in  it  and  the  light  passing  through 
this  layer  forms  an  image  of  the  slit  below  the  normal  one  at  F0. 
Two  such  displaced  slit  images  are  indicated  in  Figure  2.  The 
one  at  Ym  is  formed  by  the  layer  of  solution  at  hm  having  the  maxi¬ 
mum  value  of  dn/dh — i.e.,  nm'.  That  at  Fj  is  the  superposition 
of  the  two  images  formed  by  the  two  layers  at  hi  and  hj  for  which 
n'  has  identical  values.  Actually,  as  is  shown  in  Figure  3  for  a 
typical  case,  the  displaced  slit  images  formed  by  all  the  layers  in 
the  boundary  combine  to  give,  as 
first  described  by  Gouy  {!/),  an  in¬ 
teresting  pattern  of  interference  in 
the  region  from  F0  to  Ym. 

If,  now,  the  upper  edge  of  tne 
schlieren  diaphragm,  D  (Figure  2) 
is  raised  to  level  Ym  the  light 
through  the  layer  at  hm  in  the 
boundary  will  be  intercepted  and 
a  dark,  narrow  band  will  appear  at 
the  conjugate  level,  Hm,  in  the 
image  of  the  channel.  On  raising 
this  diaphragm  further — e.g.,  to 
level  Yi — the  light  from  hi  and  hj, 
together  with  that  from  all  inter¬ 
vening  layers  in  the  boundary, 
will  be  intercepted  and  the  dark 
band  in  the  image  of  the  channel 
will  broaden  until  the  edges  of 
the  band  are  at  the  conjugate 
levels  Hj  and  Hj.  This,  obviously, 
can  be  continued  until  the  un¬ 
deflected  rays  at  F0  have  been  in¬ 
tercepted  and  the  entire  image 
becomes  dark. 

With  a  single  boundary  in 

the  channel  a  series  of  fourteen  Figure  3.  Interference 

photographs  was  taken,  with  Patterns  at  Schlieren 

the  schlieren  diaphragm  raised  a  Diaphragm 


The  image  of  the  cell  at  G  (Figure  2)  is 
masked  by  a  vertical  slit  of  0.2-mm.  width  and 
a  photographic  plate  is  moved  in  the  direction, 
N,  of  the  arrow  at  a  constant  rate  across  this 
slit.  Actuated  by  the  same  mechanism,  dia¬ 
phragm  D  is  given  a  steady  movement  upward. 
The  resulting  photographic  positive  for  the 
_  boundary  of  Figure  4,  a,  is  shown  in  Figure  4,  b, 
and  is  called  the"  boundary  pattern.  It  will  be  noted  that  the 
schlieren  bands  of  Figure  4,  a,  correspond  to  narrow  vertical  sec¬ 
tions  in  the  complete  pattern.  For  purposes  of  publication  it  is 
the  almost  universal  practice  to  turn  the  pattern  through  90°  as 
shown  in  Figure  4,  c.  If  more  than  one  boundary  is  present  in  the 
channel  each  appears  as  a  separate  peak  in  the  complete  pattern. 


Figure  4. 


Schlieren  Band  and  Scanning  Photographs  of  a  Single 
Boundary 


The  outline  of  the  shaded  area  in  Figure  4,  c,  is,  therefore,  a 
plot  of  the  refractive  index  gradient  in  a  thin  layer  of  solution  in 
the  channel  as  ordinate  against  the  height  of  the  layer  as  ab¬ 
scissa.  If  E  is  the  enlargement  factor  for  the  camera,  the  scale 
of  abscissas  for  this  plot  is  Eh,  which  will  be  designated  as  H. 
The  ordinate  scale  is  abMn',  designated  as  N,  in  which  M  is  the 
ratio  of  the  rates  at  which  the  plate  and  diaphragm  move  in  the 
scanning  process.  The  vertical  line  at  Ho  in  Figure  4,  c,  is  due  to 
a  graduation  on  the  cell  and  is  taken  as  the  origin  of  abscissas. 
The  origin  of  ordinates  is  the  horizontal  line  at  No  joining  those 
portions  of  the  pattern  outline  that  correspond  to  layers  in  the 
channel  in  which  the  solution  is  homogeneous.  This  is  the  “base¬ 
line”  of  the  pattern.  In  the  ideal  case  this  line  is  straight  and 
horizontal.  In  practice,  however,  it  is  distorted  slightly  by  im¬ 
perfections  in  the  lenses  and  in  the  cell  and  thermostat  windows. 
Allowance  for  these  distortions  is  made  with  the  aid  of  a  scanning 
photograph  of  the  cell  when  it  contains  a  homogeneous  solution. 

CYLINDRICAL  LENS  METHOD 

In  the  scanning  method  described  above  the  complete  pattern 
is  not  visible  in  the  focus  of  the  camera  but  only  on  the  de¬ 
veloped  photographic  plate.  It  is  convenient,  however,  to  be 
able  to  observe  the  pattern  directly  on  the  ground  glass.  The 
cylindrical  lens  method  {11,16,17)  makes  this  possible  and  repre¬ 
sents  a  useful  addition  to  the  schlieren  camera. 

In  this  method  the  schlieren  diaphragm  takes  the  form  of  a 
narrow  slit,  I  (Figure  5),  that  is  inclined  to  the  vertical  at  an 
angle  of,  say,  45°.  Moreover,  a  cylindrical  lens,  with  its  axis 
vertical,  is  interposed  at  C  and  is  focused  on  the  inclined  slit  and 
on  the  screen  at  G.  Otherwise,  the  arrangement  is  as  shownan 
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figure  2.  The  presence  of  the  cylindrical  lens  does  not  alter  the 
vertical  coordinate,  H,  of  a  point  in  the  image  of  the  cell  but,  in 
injunction  with  the  inclined  slit,  may  displace  it  along  the  cross 
ixis,  N.  As  is  shown  below,  this  lateral  displacement  is  propor- 
ional  to  the  deflection  that  is  suffered  by  the  given  pencil  of 
ight  as  it  passes  through  the  cell. 

As  before,  if  the  fluid  in  the  channel  is  homogeneous,  all  the 
ight  passing  through  it  is  concentrated  in  the  normal  slit  image  at 
rV  As  can  be  seen  in  Figure  5,  only  the  light  forming  the  ex- 
reme  left-hand  portion  of  this  image  passes  the  inclined  slit.  As 
he  figure  is  drawn  these  rays  lie  to  the  left  of  the  optic  axis,  x  and 
re  deflected,  therefore,  to  the  right  of  that  axis  by  the  cylindrical 
ens,  thus  forming  a  narrow  vertical  band  of  light  on  the  screen 
it  No-  This  is  the  base  line  of  the  pattern.  One  undeviated 
>encil  of  light,  that  through  the  layer  of  homogeneous  solution  at 
ip,  is  traced  in  Figure  5  as  a  full  line  and  forms  one  element  of  the 
>ase  line  at  the  conjugate  level,  HPt  in  the  image  plane. 

With  a  boundary  in  the  channel,  however,  the  light  through 
he  layer  having  the  maximum  gradient  is  deflected  to  Fm.  As  is 
ndicated  by  the  dotted  line  in  Figure  5,  only  the  rays  forming  the 
ight-hand  portion  of  this  image  pass  the  inclined  slit.  The 
amera  objective,  0,  brings  these  to  focus  at  the  same  level,  Hm, 
is  in  the  absence  of  the  cylindrical  lens,  but  these  rays  pass  the 
nclined  slit  to  the  right  of  the  axis.  Consequently  they  are 
hifted  to  the  left  by  the  cylindrical  lens  and  form  the  peak  of  the 
>attern  at  Nm. 

The  path  of  the  light  through  another  portion  of  the  boundary 
s  indicated  by  the  dashed  line  in  Figure  5  and  forms  the  corre- 
ponding  element  in  the  pattern.  All  other  elements  in  the  com- 
>lete  pattern  are  formed  similarly.  The  focusing  action  of  0  on 
he  channel  ensures  that  the  vertical  coordinate,  H,  of  the  pat- 
ern  corresponds  to  height  h  while  the 
ocusing  action  of  the  cylindrical  lens,  C, 

>n  the  inclined  slit  requires  that  the  N  co- 
>rdinate  depend  upon  the  lateral  position 
it  which  the  light  passes  this  slit.  As  in 
he  scanning  procedure  the  factor  of  pro- 
>ortionality  between  h  and  H  is  the  camera 
■nlargement,  E.  The  dependence  of  the  N 
coordinate  upon  the  refractive  index  gradi¬ 
ent  in  the  cell  may  be  obtained  as  follows : 

As  is  evident  in  Figure  5,  the  displace- 
nent,  N  —  N 0,  of  a  pencil  of  light  that  has 
ieen  deflected  in  the  boundary  depends 
lpon  the  angle,  0,  that  the  inclined  slit 
nakes  with  the  vertical  and  the  lateral 
nagnification,  K,  of  the  cylindrical  lens. 

[f  F0  and  Z0  are  the  vertical  and  cross- 

ixis  coordinates,  respectively,  of  the  point  of  intersection  of  the 
nclined  slit  and  the  normal  slit  image,  then  the  equation  reads 

V  —  N0  =  K(Z  —  Za)  =  K(Y  —  F0)  tan  0  =  Kabn'  tan0  (2) 

A  pattern  obtained  with  the  aid  of  the  cylindrical  lens  method 
s  shown  in  Figure  14.  Although  a  slit  as  diaphragm  has  been 
lescribed  here  in  conjunction  with  the  cylindrical  lens,  one  may 
ilso  use  a  diagonal  straightedge  (11)  or  a  diagonal  bar  (12). 
Moreover,  it  is  also  possible  to  use  either  a  slit  (14),  a  bar,  or  a 
straightedge,  in  this  case  in  a  horizontal  position,  with  the  scan- 
ling  procedure.  With  either  method  the  straightedge  gives  the 
lattem  as  the  outline  between  a  dark  and  a  light  field,  the  slit 
pves  a  more  or  less  narrow  band  of  illumination  on  a  dark  back¬ 
ground,  and  the  bar  gives  a  dark  band  on  a  light  background. 
No  comparative  study  of  the  three  types  of  diaphragm  has  been 
made,  however.  For  visual  observation  of  the  pattern  with  the 
lid  of  the  cylindrical  lens  method  the  author  prefers  a  slit.  In 


the  permanent  photographic  record  of  an  ex¬ 
periment  it  is  essential,  however,  to  have  a  refer¬ 
ence  line  of  known  orientation,  such  as  that  at 
H0  in  Figure  4,  c,  and  this  is  difficult  to  obtain 
with  a  slit  as  diaphragm.  Consequently  a 
straightedge  as  diaphragm  is  used  for  this  pur¬ 
pose,  together  with  the  scanning  procedure, 
thereby  avoiding  the  errors  accompanying  the 
use  of  an  uncorrected  cylindrical  lens. 

OPTICAL  EQUIPMENT 

In  the  diagrams  used  thus  far  to  illustrate 
the  principles  of  the  schlieren  method,  no 
attempt  has  been  made  to  preserve  the 
proper  scale  nor  to  indicate  the  construction  of  the  various  ele¬ 
ments  of  the  optical  system.  Moreover,  the  constant-tempera¬ 
ture  water  bath  in  which  the  cell  is  immersed  has  been  omitted 
from  Figures  2  and  5.  A  scale  diagram  of  the  complete  apparatus, 
as  developed  at  The  Rockefeller  Institute,  is  shown,  therefore,  in 
Figure  6.  In  this  modified  isometric  drawing  the  dimensions 
along  the  cross  axis  are  on  a  scale  one  half  of  that  used  for  the 
horizontal  and  vertical  distances.  In  so  far  as  is  practicable  the 
letters  on  this  and  subsequent  diagrams  identify  the  same  optical 
element  as  in  Figures  1,  2,  and  5.  Proceeding  from  left  to  right  in 
Figure  6,  for  example,  S  indicates  the  illuminated  horizontal  slit,  L 
the  schlieren  lens,  D  the  schlieren  diaphragm,  and  G  the  ground 
glass  or  photographic  plate. 

It  may  be  apparent  from  Figure  6  that  the  lenses  are  of  rather 
long  focal  length.  Together  with  the  other  elements  of  the  sys¬ 
tem  they  must  be  rigidly  mounted  on  a  firm  support  and  pro¬ 
vided  with  sufficient  adjustments  for  their  proper  alignment. 
This  is  the  purpose  of  the  optical  bench. 

The  Optical  Bench.  The  optical  bench  consists  of  two  5.94- 
meter  (19.5-foot)  steel  channels,  C  (Figure  6),  bolted  together  by 
means  of  the  plates,  H.  The  bench  is  supported  on  two  concrete 
blocks,  B,  and  passes  through  a  trough,  R,  in  the  block,  B' ,  that 
carries  the  thermostat,  T.  In  order  to  minimize  vibration  the 
blocks  rest  on  small  shock-absorbing  Keldur  mats  placed,  at  the 
corners  of  each  block,  on  a  firm  foundation,  preferably  a  ground 
floor.  A  sensitive  spirit  level  is  used  in  leveling  the  bench. 


Each  component  of  the  optical  system  is  carried  by  a  steel 
plate,  P,  that  is  bolted  through  slotted  holes  to  the  vertical  faces 
of  the  steel  angles,  A.  As  shown  in  more  detail  in  the  lower  part 
of  Figure  7,  the  horizontal  face  of  an  angle,  A,  is  clamped  to  the 
flanges  of  the  channels,  C,  with  the  aid  of  a  plate,  B.  Adjustment 
along  all  three  axes  may  thus  be  made  in  the  alignment  and  focus¬ 
ing  of  the  components.  Once  the  adjustments  have  been  made  it 
is  essential  that  they  be  not  disturbed  by  the  routine  use  of  the 
apparatus.  First  consideration  is  given,  therefore,  to  the  sturdi¬ 
ness  of  the  equipment  rather  than  ease  of  adjustment. 

The  Horizontal  Slit.  The  illuminated  horizontal  slit,  S 
(Figure  6),  that  serves  as  the  source  of  light  is  also  shown  in  de¬ 
tail  in  Figure  7.  This  is  a  view  in  perspective  with  the  lamp  and 
lamp  house  removed.  The  horizontal  dimension  of  the  slit  shown 
here  is  25  mm.,  which  is  about  the  length  of  the  arc  in  the  100- 
watt  G.E.  mercury  lamp,  Type  H4,  used  to  illuminate  the  slit. 
The  vertical  dimension  of  the  slit  is  adjustable,  both  of  the  leaves, 
Lx  and  L2,  being  movable  in  a  T-slot  cut  across  the  face  of  the 
plate,  Q.  Since  no  condensing  lens  is  used,  the  lamp  is  placed  as 
close  to  the  slit  as  its  glass  bulb  permits.  Plate  Q  is  mounted 
therefore,  on  the  steel  plate,  P/,  bdt  separated  from  it  so  that  the 
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socket  does  not  limit  the  proximity  of  the  lamp  to  the  slit.  Both 
Q  and  TV  have  openings  to  pass  the  light  from  the  slit  to  the 
schlieren  lens. 

Although  hidden  by  Pi'  in  Figure  7,  a  holder  for  5-cm.  (2- 
inch)  square  filters  is  placed  in  front  of  the  opening  in  that  plate. 
Either  glass  or  gelatin  film  filters  may  be  used  to  isolate  the  de¬ 
sired  lines  of  the  mercury  spectrum.  A  table  of  the  available 
filters  for  this  purpose  is  given  by  Strong  (15).  The  author  has 
found  a  Wratten  filter  No.  22  (yellow)  mounted  in  C  glass  satis¬ 
factory  for  work  with  clear,  colorless  solutions.  If,  however,  one 
of  the  solutions  meeting  at  a  boundary  is  colored,  a  solution  of 
hemoglobin,  for  example,  it  is  generally  necessary  to  use  a  filter 
with  an  absorption  similar  to  that  of  the  colored  material  in  order 
t.o  reduce  the  shading,  at  the  boundary  level,  of  the  illuminated 
portion  of  the  pattern.  A  similar  shading  also  occurs  in  the  image 
at  the  boundary  between  a  clear  and  an  opalescent  solution.  In 
this  case  the  shading  is  due  to  the  scattering  of  light  by  suspended 
particles  and  can  be  reduced,  as  was  shown  by  Treffers  and 
Moore  (20),  by  using  red  or  infrared  light. 


Since  the  mercury  lines  in  the  red  are  of  low  intensity,  a  tung¬ 
sten  lamp  or  Nernst  glower  (Stupakoff  Laboratories,  Latrobe, 
Pa.)  may  be  used  for  the  longer  wave  lengths.  Moreover,  it  is 
convenient  to  have  the  two  sources  interchangeable  and  pre- 
t'ocused.  A  second  slit,  illuminated  by  an  appropriate  source,  is 
mounted,  therefore,  on  a  plate  similar  to  Pi',  but  not  shown  in 
Figure  7.  By  loosening  the  thumbscrews,  T,  plate  Pi ',  carrying 
the  mercury  lamp,  may  be  moved  out  of  position  along  the  groove, 
G,  and  be  replaced  by  the  plate  bearing  another  source  of  light. 

The  Schlieren  Lens.  The  schlieren  lens,  L  (Figures  2  and 
5),  is  undoubtedly  the  most  important  single  element  in  the  opti¬ 
cal  system.  Upon  the  performance  of  this  lens  depends,  in  a 
large  measure,  the  quality  of  the  patterns  that  one  obtains. 

In  the  equipment  described  here  the  schlieren  lens  is  an  air- 
spaced  achromat  with  corrections  similar  to  those  of  a  telescope 
objective,  except  that  it  is  designed  for  use  at  unit  magnification 
and  allowance  is  made  for  the  30-cm.  (12-inch)  thickness  of  water 
in  its  image  space. 

The  author’s  lens  has  a  focal  length  of  937  mm.  and  a  diameter, 
d,  of  100  mm.  Since  this  diameter  is  but  slightly  greater  than 
the  height  of  the  channel  in  the  cell,  it  is  essential  that  this  lens 
be  uniformly  illuminated.  This  imposes  certain  restrictions  on 
the  dimensions  of  the  light  source  and  slit  that  may  be  derived 
with  the  aid  of  Figure  8. 

Let  J  be  the  vertical  dimension  of  the  source  at  I  (Figure  8) 
over  which  the  light  intensity  is  constant  and  w  the  corresponding 
dimension  of  the  slit  at  S.  Since  the  area  of  the  light  source  ex¬ 
posed  by  the  slit  at  a  given  level  in  the  plane  of  the  lens  at  L  is 
constant  for  all  points  between  C  and  D,  the  illumination  be¬ 


Figure  8.  Uniform  Illumination  of  Schlieren  Lens 


tween  these  levels  is  uniform.  In  the  penumbra  above  C  and 
below  D  the  light  intensity  decreases.  If  the  center  of  the  slit  is 
taken  as  the  origin,  the  coordinates  at  A  are  —xj,  —.7/2  while 
those  of  B  are  0,  —w/2.  The  equation  of  line  ABC i  s  therefore 
w  =  (Jx  —  2hxi)/(xi  +  x).  If  the  schlieren  lens  is  to  be  uni¬ 
formly  illuminated  the  ordinate  for  C  at  x  =  xl  must  be  d/2  or 
greater.  The  maximum  permissible  slit  width,  wm,  is,  therefore, 
wm  =  (J XL  -  dxj)/(xj  +  xl). 

Since  the  bulb  of  the  mercury  lamp  has  a  diameter  of  32  mm., 
xi  =  16  mm.  The  value  of  /  for  the  arc  is  about  1.5  mm.  Since 
d  —  100  mm.  and  Xl  =  1850  mm.,  Wm  is  about  0.6  mm.  For¬ 
tunately,  this  is  greater  than  the  optimum  slit  width  of  about 
0.2  mm.  and  therefore  affords  a  reserve  of  illumination  for  those 
occasions  when  the  absorption  or  scattering  by  a  solution  is  such 
that  the  other  available  exposure  controls  are  inadequate.  It  is 
clear,  however,  that  the  light  source  must  be  accurately  aligned 
with  the  slit  and  schlieren  lens.  This  adjustment  can  be  made 
after  loosening  the  setscrews  at  D  and  D'  (Figure  7). 

Owing  to  the  small  horizontal  dimension  of  a  channel,  3  nun., 
no  difficulty  is  experienced  in  achieving  uniform  illumination  in 
this  direction. 

In  order  to  exclude  light  from  the  camera  that  does  not  pass  the 
channel  of  the  cell  the  schlieren  lens  is  provided  with  a  mask  as 
shown  at  M  (Figure  9).  Moreover,  the  actual  cell  consists  of  a 
U-shaped  channel,  in  either  side  of  which  boundaries  may  be 
present  .  In  the  case  of  the  cylindrical  lens  method  the  patterns 
formed  by  the  boundaries  in  the  two  sides  overlap.  When  using 
this  method  it  is  necessary,  therefore,  to  mask  one  side  when 
viewing  the  other.  This  is  done  by  rotating  the  plate,  A,  on  the 
pivots,  B  and  B' ,  to  cover  one  of  the  slots.  The  mask  swings  on 
the  hinges,  H  and  H',  to  expose  the  entire  lens. 

The  Low-Temperature  Thermostat.  In  order  to  con¬ 
trol  the  temperature  of  the  solutions  in  the  cell  it  is  immersed  in 
a  constant-temperature  water  bath,  T  (Figure  6).  Since  most 
work  with  proteins  is  done  at  a  temperature  of  0.5°  it  is  essential 
that  condensation  of  moisture  on  the  thermostat  windows  be 
minimized.  The  construction  shown  in  cross  section  in  Figure 
10  is  effective  except  when  the  dew  point  approaches  the  room 
temperature. 
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0  12  inches 

Figure  10.  Construction  of  Thermostat  Windows 


In  this  figure  the  right-hand  window  is  shown  unassembled. 
The  glass  disks,  W2  and  W3,  are  seated  against  the  Pliofilm  gas¬ 
kets,  G2  and  Gh  in  the  recesses,  D,  of  the  Bakelite  ring,  R.  The 
rubber  gasket,  Gi,  and  the  tinned-copper  wall  of  the  tank,  T,  are 
then  clamped  between  R  and  the  brass  ring,  E,  with  the  aid  of 
machine  screws  threaded  into  the  Bakelite  ring,  thus  making  the 
tank  watertight  at  this  window.  Similarly  tbe  space  between 
W-2  and  W3  is  made  airtight  by  clamping  W3  and  gasket  (?4  be¬ 
tween  R  and  the  steel  plate,  P3. 

The  left-hand  window  is  similar  to  that  on  the  right  except 
that  the  schlieren  lens,  L,  replaces  one  of  the  glass  disks.  Pro¬ 
vision  is  made,  at  I  and  J  for  example,  for  the  passage  of  dry  air 
through  the  space  between  the  elements  of. each  window. 


The  Schlieren  Scanning  Camera.  As 
in  the  case  of  an  ordinary  photographic  cam¬ 
era,  the  schlieren  scanning  camera  is  pro¬ 
vided  with  an  objective,  a  means  of  varying 
its  aperture,  a  shutter,  a  bellows,  and  a  plate 
holder.  In  addition,  provision  must  be  made 
for  a  uniform  vertical  movement  of  the 
schlieren  diaphragm  that  is  synchronized  with 
the  horizontal  movement  of  the  photographic 
plate.  Obviously  this  synchronization  must 
be  virtually  complete  if-  the  ratio,  M,  of  the 
plate  movement  to  that  of  the  diaphragm  is 
to  be  a  true  constant.  The  components  of 
the  camera  are  described  below  in  the  order 
in  which  they  appear,  from  left  to  right,  in 
Figure  6. 

The  straightedge,  D  (Figure  6),  that  serves 
as  schlieren  diaphragm  in  the  scanning  pro¬ 
cedure  is  shown  in  more  detail  at  D  in  Fig¬ 
ure  11.  It  is  carried  by  the  rods,  R ,  that  slide 
in  the  tubes,  T.  In  order  to  couple  the  move¬ 
ment  of  this  diaphragm  with  that  of  the 
photographic  plate  a  threaded  rod,  A,  is  also 
attached  to  D  and  passes  through  a  threaded 
bushing  in  the  gear,  G.  This  is  driven  by  the 
gear,  G' ,  attached  to  the  end  of  the  shaft,  F, 
that  runs  the  length  of  the  camera. 

Also  shown  in  Figure  1 1  is  the  disk,  B,  that 
is  provided  with  a  series  of  openings.  By  ro¬ 
tation  of  the  disk  any  one  of  these  openings 
may  be  placed  in  front  of  the  objective 
mounted  at  0  in  plate  P4.  It  fulfills  the  same  function  as  the  iris 
diaphragm  of  an  ordinary  camera.  The  shapes  of  the  openings 
are  such,  however,  that  they  provide  a  control  of  the  exposure 
without  restricting  the  lens  aperture  vertically,  thus  ensuring 
that  an  opening  will  not  act  as  a  schlieren  diaphragm. 

On  the  same  axis  with  disk  B,  but  rotating  independently  of 
it,  is  a  second  disk,  C,  that  is  provided,  in  one  quadrant,  with  a 
circular  hole  matching  the  lens  aperture  and,  in  the  opposite 
quadrant,  with  an  adjustable,  sector-shaped  opening.  Driven 
through  spur  gears  by  a  small  synchronous  clock  motor,  not 
visible  in  the  figure,  this  disk  serves  as  the  camera  shutter.  When 
viewing  the  pattern  on  the  screen,  or  photographing  it  with  the 
scanning  device,  this  shutter  is  not  used,  the  circular  hole  in  it 
being  left  directly  in  front  of  the  lens.  In  the  photography  of 
schlieren  bands  and  cylindrical  lens  patterns  the  sector  opening 
is  adjusted  to  give  the  proper  exposure.  (This  adjustment  is 
made  after  loosening,  with  the  aid  of  a  small  spanner  wrench, 
the  threaded  collar  that  clamps  the  two  leaves  of  the  sector.) 
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Figure  13.  Inclined  Slit  Diaphragm 


The  shutter  motor  is  started,  and  the  dark  slide  of  the  plate  holder 
removed  as  an  opaque  quadrant  of  the  shutter  disk  moves  across 
the  lens.  The  quadrant  containing  the  open  sector  then  crosses 
the  face  of  the  lens  and  makes  the  exposure,  after  which  the  dark 
slide  is  reinserted  as  the  second  opaque  quadrant  cuts  off  the 
light.  On  completion  of  the  revolution  the  circular  opening  is 
again  in  front  of  the  lens. 

The  camera  objective,  0,  is  a  50-mm.  achromat  with  the  same 
focal  length,  /,  and  corrections  as  the  schlieren  lens.  Since  it  is 
used  at  unit  magnification  the  length  of  the  aluminum  tube,  J 
(Figure  6),  that  serves  as  a  “bellows”  is  approximately  2/.  Since 
it  is  not  practicable  to  specify  exactly  this  focal  length,  some  ad¬ 
justment  in  the  length  of  the  camera  is  essential.  Tnis  is  pro¬ 
vided  by  the  collar  K  (Figure  11),  into  which  one  end  of  the  tube 
slides. 

The  arrangement  for  moving  the  photographic  plate  horizon¬ 
tally,  as  the  schlieren  diaphragm  is  raised  vertically,  is  shown  in 
Figure  12.  The  holder,  H,  for  9  X  12  cm.  plates  is  shown  par¬ 
tially  inserted  into  the  plate  carriage,  C.  Although  this  carriage 
is  provided  with  flanges  that  move  in  slots,  J  and  J',  these  func¬ 
tion  merely  as  light  baffles,  the  clearance  being  sufficient  to  en¬ 
sure  that  the  horizontal  alignment  is  maintained  solely  by  the 
bar,  B ,  that  fits  into  the  carefully  lapped  groove  at  L.  The 
carriage  is  loosely,  coupled,  by  means  of  a  thumbscrew,  to  the 
bushing,  A,  and  driven  by  the  threaded  rod,  R.  This  rod  is  then 
connected,  through  gears  G  and  (?',  to  a  shaft  that  is  parallel  to 
R  but  hidden  by  it  and  plate  P,  except  for  the  end  at  Q.  This 
shaft  engages,  through  a  clutch  operated  by  the  knob,  K,  the 
slow-speed  shaft  of  the  synchronous  motor  and  reducing  unit 
indicated  at  M  in  Figure  6. 

Also  hidden  by  the  plate,  Ps,  (Figure  12),  are  the  spiral  gears 
that  connect  shaft  Q  with  the  rod,  F  (Figure  6),  that  drives  the 
schlieren  diaphragm.  Since  the  spiral  gear  ratio  is  fixed  at  3  to 
1  and  the  threaded  rods,  R  (Figure  12)  and  A  (Figure  11),  have 
the  same  pitch  of  1  mm.,  the  ratio  of  the  plate  travel  to  that  of  the 
diaphragm  depends  only  on  the  gears  at  G  and  G'  (Figure  12). 
If  these  gears  are  similar,  as  shown  in  the  figure,  the  lateral  mag¬ 
nification,  M,  is  then  3.  Other  pairs  of  gears  can,  however,  be 
used  to  obtain  other  magnifications  and  this  adjustment  in  the 
scanning  procedure  will  be  recognized  as  equivalent  to  changing 
the  angle  of  the  diaphragm  slit  in  the  cylindrical  lens  method. 

The  mask  for  the  cell  image  ill  the  scanning  procedure  consists 
of  a  disk,  M  (Figure  12),  that  is  provided  with  an  adjustable  slit, 
S.  (The  width  of  both  this  slit  and  the  horizontal  one  at  the 
light  source  is  adjusted  with  the  aid  of  a  “feeler”  gage.)  The 
mask  fits  into  a  recess  in  plate  E,  so  that  its  surface  is  flush  with 
that  of  the  plate.  Removal  of  the  mask,  with  the  aid  of  a  thumb¬ 
screw  inserted  into  a  hole  provided  for  the  purpose,  permits  view¬ 
ing  the  image  on  a  ground  glass  that  may  be  substituted  for  the 
plate  holder,  H .  In  the  position  shown  in  Figure  12  the  slit  ex¬ 
poses  the  central  portion  of  the  image  of  one  side  of  the  channel 
of  the  cell.  The  other  side  of  the  channel  is  exposed  by  turning 
the  mask  through  180  °. 


In  order  to  determine  the  position  of  the  schlieren 
diaphragm  while  viewing  the  ground  glass,  a  scale  is 
provided  at  F  (Figure  12) .  Actually  this  is  a  microm¬ 
eter  head  with  the  shank  clamped  in  the  collar,  Z, 
while  the  spindle  extends  through  the  plate,  Ps,  and 
is  keyed  into  a  slotted  hole  in  the  end  of  the  rod,  F 
(Figure  6).  Although  the  scale  is  graduated  in 
hundredths  of  a  millimeter,  the  readings  must  be 
doubled,  since  the  pitch  of  the  micrometer  thread  is 
one  half  that  of  the  rod  driving  the  diaphragm.  If 
this  scale  is  set  to  read  zero  when  the  camera  objec¬ 
tive  is  just  covered  by  the  diaphragm,  that  lens  will 
be  completely  exposed  at  a  reading  of  25  mm. 

The  lateral  position  ©f  the  photographic  plate  is 
given  to  the  nearest  0.1  mm.  by  the  scale  and  vernier 
at  N,  or  to  0.01  mm.  on  the  graduated  drum,  D. 

Modification  of  Camera  for  Use  with  Cy¬ 
lindrical  Lens  Method.  With  minor  modifications 
of  the  camera  described  above  it  is  possible  to  use  the 
cylindrical  lens  method  interchangeably  with  the 
scanning  procedure.  The  modifications  consist  in 
the  substitution  of  an  inclined  slit  for  the  horizontal 
straightedge  as  schlieren  diaphragm  and  the  insertion 
of  a  cylindrical  lens  between  the  camera  objective 
and  the  photographic  plate.  , 

The  possibility  of  using  the  scanning  and  cy¬ 
lindrical  lens  procedures  interchangeably  has  cer¬ 
tain  advantages.  Thus  it  is  convenient  to  be  able 
to  view,  as  in  the  Philpot-Svensson  arrangement, 
the  pattern  directly  on  the  ground  glass.  The  small  errors 
introduced  by  the  uncorrected  cylindrical  lens  are  of  no  conse¬ 
quence  in  such  a  visual  inspection  and  may  be  eliminated  by 
shifting  to  the  scanning  process  in  obtaining  the  permanent 
photographic  records  of  an  experiment. 

In  using  the  cylindrical  lens  method  the  straightedge,  D 
(Figure  1 1 ) ,  is  replaced  by  a  diagonal  slit  as  shown  at  A  in  Figure 
13,  a.  Although  not  visible  in  this  figure,  two  pins  in  the  groove 
at  E  aid  in  fixing  the  position  of  the  diaphragm. 

The  angle  of  the  slit  is  adjusted  by  rotating  the  disk,  B,  in  the 
frame,  F.  Adjustment  of  the  length  of  the  slit  may  be  made  by 
moving  the  inserts,  I  and  I',  with  the  aid  of  the  racks  and  pinions. 
As  shown  in  Figure  13,  b,  which  is  a  diagram  of  the  disk,  B,  with 
the  inserts  removed,  the  slit  width  is  controlled  by  turning  the 
knob,  K,  and  is  given  directly  on  the  scale  at  S. 

With  many  boundaries  a  slit  of  uniform  width  gives  a  pattern, 
such  as  that  of  Figure  14,  a,  for  example,  in  which  the  base  line 
and  top  of  the  peak  are  broad.  The  appearance  of  the  pattern 
can  be  improved,  as  suggested  by  Svensson  (16)  and  illustrated 
in  Figure  14,  b,  by  tapering  the  ends  of  the  diagonal  slit  where  it 
intersects  the  undeviated  image  of  the  horizontal  slit  and  also 
that  having  the  maximum  deviation.  (It  has  not  been  demon¬ 
strated  that  this  device  does  not  distort  the  pattern  by  shifting 
the  base  line,  for  example,  relative  to  the  remainder  of  the  curve.) 
The  inserts,  I  and  /'  (Figure  13,  a),  are  constructed,  therefore,  as 
shown  in  Figure  13,  c.  In  this  enlarged  diagram  of  the  under¬ 
side  of  one  of  the  inserts,  the  gear  sectors,  G  and  G',  are  flush- 


a  b 

Figure  14.  Cylindrical  Lens  Pattern  of  a  Single  Boundary 


B  =  45°,  1-mm.  slit  with  parallel  edges 
6  =  45°,  spindle-shaped  slit 
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mounted.  As  suggested  by  Burns  and  Henke  ( 2 )  the  edges  of 
the  taper  are  made  co-planar  by  having  the  sectors  move  in  an 
annular  channel,  C,  that  is  concentric  with  the  apex  of  the  taper. 
When  the  insert  is  in  position  in  the  assembled  slit  (Figure  13,  a), 
the  sectors  may  be  adjusted  independently  by  turning  the  slotted 
heads,  H  and  H',  to  which  the  pinions,  J  and  J'  (Figure  13,  c), 
are  attached.  Since  the  edges  of  the  leaves,  L  and  L '  (Figure 
13,  b),  that  form  the  parallel  sides  of  the  slit  are  beveled  under¬ 
neath  while  those  of  the  gear  sectors  are  beveled  from  above,  all 
six  edges  of  the  spindle-shaped  slit  are  co-planar.  Moreover,  the 
plane  of  the  slit  is  identical  with  that  of  the  straightedge  with 
which  it  is  interchangeable,  so  that  it  is  not  necessary  to  refocus 
the  illuminated  horizontal  slit  on  making  this  change. 

Since  the  cylindrical  lens  is  not  used  in  the  scanning  procedure, 
it  is  mounted  so  that  it  may  be  readily  placed  in,  or  removed 
from,  the  optical  system.  As  shown  in  Figure  15  this  lens,  C,  is 
held  in  a  frame,  F,  that  pivots  on  a  shaft  at  A.  When  this  as¬ 
sembly  is  inserted  through  a  rectangular  opening  in  the  camera 
tube,  as  indicated  at  N  (Figure  6),  the  curved  plate,  P  (Figure 
15),  overlaps  this  opening  and  serves  to  support  the  lens  and  to 
exclude  stray  light.  With  the  frame,  F,  in  contact  with  the  stop, 
S,  the  face  of  the  lens  is  normal  to  the  axis  of  the  camera.  The 
diameter  of  the  camera  tube  is  such  that  rotation,  by  means  of  the 
knob,  K,  of  the  cylinder  lens  through  90°  removes  it  completely 
from  the  path  of  Ihe  image-forming  rays.  Vertical  alignment  of 
the  lens  is  afforded  by  the  small  clearance  between  the  ends  of  the 
bar,  B ,  one  of  which  is  visible  at  E,  and  the  sides  of  the  opening 
in  the  camera  tube.  The  dimensions  of  this  opening  parallel  to 
the  camera  axis  and  the  overlap  of  the  plate,  P ,  are  such,  how¬ 
ever,  as  to  provide  a  focusing  adjustment. 


Figure  15.  Support  for  Cylindrical  Lens 


This  completes  the  description  of  the  optical  equipment.  Ow¬ 
ing  to  the  size  of  the  apparatus  it  is  usually  assembled  where  it  is 
to  be  used  and, the  responsibility  for  the  alignment  and  focusing 
of  the  components  therefore  falls  upon  the  investigator.  In 
making  these  adjustments  the  chief  object  is  to  obtain  a  sharply 
defined,  vertical  base  line  in  the  focus  of  the  camera,  so  that  the 
pattern  will  be  due  solely  to  changes  of  refractive  index  in  the 
boundaries  and  not  to  aberrations  elsewhere  in  the  system. 
Since  imperfect  base  fines  can  arise  from  inadequately  corrected 
or  improperly  focused  lenses,  or  from  schlieren  in  the  windows  of 
the  thermostat  and  moving  boundary  cell,  it  is  essential  to  test 
each  of  these  in  turn  in  order  to  locate  the  origin  of  the  distortion, 
and,  if  possible,  to  correct  for  it.  In  the  tests  described  below  the 
equipment  in  the  author’s  laboratory  is  taken  as  a  typical  ex¬ 
ample. 


surface  of  the  lens,  four  in  the  case  of  an  air-spaced  achromat,  into 
coincidence  with  the  source  itself.  Campbell  (3)  has  described 


a  simple  way  to  do  this.  ]  . 

It  is  convenient  to  make  the  tests  with  the  cylindrical  lens 
method.  Both  the  horizontal  and  diagonal' slits  are  nearly  closed 
and  the  latter  is  set  at  an  almost  horizontal  angle.  Svensson 
suggests  (17)  6  =  85°.  If  the  lateral  magnification  factor,  K, 
due  to  the  cylindrical  lens  is  2.05,  as  in  the  equipment  described 
here,  a  vertical  displacement,  AT,  at  the  diaphragm  is  converted 
into  a  lateral  displacement  on  the  screen  of 


AN  =  K  X  tan  6  X  AY  =  24  AF 


(3) 


If  the  schlieren  lens  has  no  spherical  aberration,  all  the  (mono¬ 
chromatic)  rays  come  to  focus  at  D  as  indicated  in  Figure  16. 
With  the  diagonal  slit  at  this  position  a  straight  vertical  fine  is 
obtained  on  the  screen  as  shown  at  D'.  Deviations  from  the 
vertical  become  apparent  on  bringing  this  line  into  coincidence 
with  a  vertical  ruling  on  the  ground  glass.  Within  the  limits  of 
error  of  this  test  the  author’s  lens  is  free  from  spherical  aberra¬ 
tion.  (All  the  lenses  in  the  electrophoresis  equipment  at  The 
Rockefeller  Institute  were  made  by  the  Perkin-Elmer  Corpora¬ 
tion,  Glenbrook,  Conn.) 

A  sensitive  method  for  locating  the  plane,  D,  of  the  schlieren 
diaphragm  will  also  be  apparent  from  Figure  16.  If,  for  example, 
the  diaphragm  were  placed  at  C,  the  rays  from  successive  hori¬ 
zontal  sections  of  the  lens  would  pass  the  inclined  slit  at  positions 
progressively  displaced  laterally  and  the  line  image  on  the  screen, 
although  remaining  straight,  would  now  be  inclined  to  the  verti¬ 
cal  as  shown  at  C'.  If  the  diaphragm  were  placed  at  E  the  image, 
E’,  would  have  the  opposite  inclination.  In  this  manner  the  focal 
plane  of  the  schlieren  lens  can  be  readily  located  to  the  nearest 
millimeter  and  by  shifting  the  illuminated  slit  along  the  axis  can 
be  brought  into  coincidence  with  the  diaphragm. 

Figure  16  also  serves  to  illustrate  a  method  for  determining  the 
longitudinal  chromatism  of  the  lens.  Suppose  the  illuminated 
slit,  provided  with  a  yellow  filter,  is  focused  on  the  diaphragm  at 
position  D.  The  yellow  fine  on  the  ground  glass  is  then  straight 
and  vertical.  On  replacing  the  yellow  by  the  green  filter  the 
straight  green  fine  on  the  screen  is  now  inclined  to  the  vertical 
as  though  the  diaphragm  were  at  E  with  yellow  fight.  The  focus 
for  X  =  5461  is,  therefore,  nearer  the  lens  than  for  X  =  5780. 
Since  A N,  the  deviation  of  the  green  fine  from  the  vertical,  is  2 
mm  aF  =  0.08  mm.  From  similar  triangles  the  displacement 
of  the  focus  along  the  axis  is  1820  AF /100  =  1.5  mm.  The  dis¬ 
placement  for  X  =  4359  is  3.2  mm.  With  air  in  the  thermostat 
the  lens  is  thus  undercorrected  chromatically.  This  compensates 
for  the  effect  of  the  30-cm.  (12-inch)  thickness  of  water  in  the 
image  space  of  the  schlieren  lens  when  the  thermostat  is  filled. 
Under  the  actual  working  conditions  the  chromatic  correction  of 
the  author’s  lens  is  essentially  complete.  If  the  windows  of  the 
thermostat  and  cell  do  not  introduce  chromatic  aberrations,  the 
illuminated  slit  does  not  need  to  be  refocused  on  shifting  from 
one  (visible)  wave  length  to  another. 


In  the  case  of  the  schlieren  lens  the  only  other  aberration  that 
needs  to  be  considered  is  coma  ( 6 ). 


INSTALLATION  OF  EQUIPMENT 

Testing  and  Focusing  the  Schueken  Lens.  The  schlieren 
camera  is  well  adapted  for  testing  the  schlieren  lens. 

With  the  water  and  windows  of  the  thermostat  removed,  the 
axes  of  the  camera  and  schlieren  lens  are  brought  into  coincidence 
and  the  horizontal  slit,  provided  with  an  appropriate  filter,  is  cen¬ 
tered  on  their  common  axis.  [The  axis  of  a  lens  may  be  found  by 
bringing  the  images  of  a  fight  source  that  are  reflected  from  the 


The  schlieren  camera  can  be  used  most  efficiently  ^if  the  illu¬ 
minated  horizontal  slit,  S  (Figure  2)  is  placed  some  15  to  20  mm. 
below  the  camera  axis,  so  that  the  normal  slit  image  is  above  that 
axis.  As  shown  in  Figure  17,  the  peripheral  rays  then  come  to 
focus  in  the  same  plane  as  those  through  the  central  portion  of  the 
lens  but  at  a  different  level.  The  resulting  pattern  on  the  screen 
is  shown  at  D'  and  the  deviation  from  the  vertical,  A N,  is  a  meas¬ 
ure  of  the  comatic  blurring,  AF.  With  the  illuminated  slit  16 
mm  below  the  axis,  A N  is  2.4  mm.,  so  that  AF  =  0.1  mm.  from 
Equation  3.  By  tilting  the  schlieren  lens  slightly,  so  that  its 
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axis  again  passes  through  the  center  of  the  horizontal  slit,  this 
blurring  may  be  eliminated.  It  is  of  no  consequence  that  this 
axis  is  now  inclined  slightly  to  that  of  the  camera. 

Aberrations  Due  to  Windows  of  Thermostat  and  Cell. 
In  the  equipment  described  here  the  thermostat  windows  are 
flat  to  within  a  few  wave  lengths.  Their  introduction  into  the 
system  does  not  alter  significantly  the  performance  of  the  schlieren 
lens  if  the  Bakelite  rings  in  which  these  windows  are  clamped  are 
accurately  machined.  Otherwise  the  windows  may  be  bowed  so 
as  to  introduce  a  form  of  astigmatism  into  the  system.  This  is 
most  serious  at  the  windows  in  contact  with  the  water  and  is  fre¬ 
quently  not  detectable  until  the  thermostat  is  filled.  If  this 
form  of  astigmatism  is  present,  the  image  of  the  illuminated  slit 
is  displaced  along  the  axis  as  this  slit  is  turned  from  the  horizontal 
position  and  is  in  sharp  focus  only  when  the  slit  is  parallel  to  the 
axis  of  the  weak  cylindrical  lens  that  the  bowed  window  simu¬ 
lates.  When  viewed,  with  the  aid  of  the  Philpot-Svensson  ar¬ 
rangement,  on  the  ground  glass  of  the  schlieren  camera,  astigma¬ 
tism  appears  as  a  blurring  of  the  central  portion  of  the  vertical 
line.  If  this  aberration  cannot  be  eliminated  by  truing  the 
Bakelite  rings,  it  can  be  reduced  by  making  the  axis  of  the  bowed 
window  horizontal. 

Even  with  vigorous  stirring  of  the  thermostat  water,  localized 
temperature  fluctuations  are  usually  sufficient  to  be  detectable 
as  weak  schlieren.  The  fluctuations  are  rapid,  however,  in  com¬ 
parison  with  the  usual  exposure  interval  and  thus  cancel. 

In  spite  of  the  progress  that  has  been  made  in  their  construc¬ 
tion,  the  windows  of  the  moving  boundary  cell  remain  the  chief 
cause  for  crooked  base  lines.  The  optical  imperfections  in  these 
windows  frequently  simulate  a  spherical  error  in  the  schlieren 
lens  and  may  be  interpreted  with  the  aid  of  Figure  18. 

Let  B ,  C,  and  E  be  the  points  on  the  axis  at  which  axial,  inter¬ 
mediate,  and  peripheral  rays,  respectively,  come  to  focus.  With 
the  cylindrical  lens  method  the  curves  B' ,  C',  and  E'  are  the 
corresponding  patterns  on  the  screen.  The  best  position  for  the 
diaphragm  is  at  D;  in  this  position  the  average  deviation  of  the 
curve  from  the  vertical  is  a  minimum. 

In  addition  to  distorting  the  base  line,  the  imperfections  in  the 
cell  windows  also  frequently  introduce  astigmatism  and  thus  blur 
this  line.  The  scanning  method  has  an  advantage  in  this  regard, 
since  it  uses  only  a  narrow  vertical  section  at  the  center  of  the 
channel  image  where  the  distortion  is  usually  a  minimum. 

Focusing  the  Camera.  A  100-mm.  precision  glass  scale  (the 
Zeiss  scale  No.  126,454  is  satisfactory)  that  may  be  immersed  in 
water  is  almost  indispensable  in  the  focusing  of  the  camera. 

With  this  scale  mounted  in  the  support  for  the  moving  bound¬ 
ary  cell  so  that  the  graduations  are  in  plane  C  (Figure  10),  this 
support  is  placed  in  the  thermostat.  The  approximate  position  of 
the  object  plane  for  the  camera  can  then  be  determined  by  exam¬ 
ining  the  scale  image  on  the  ground  glass  as  the  support  is  moved 
along  the  optic  axis  in  the  thermostat.  If,  now,  a  low-power  mi¬ 
croscope  is  focused  on  the  ground  glass  and  the  image  of  a  scale 
line  examined  directly  in  the  microscope  after  removal  of  that 
glass,  no  difficulty  should  be  experienced  in  locating  the  object 
plane  to  the  nearest  1  or  2  mm.  As  a  check,  photographs  may  be 
taken  with  the  scale  at  different  positions  along  the  axis  in  the 
neighborhood  of  the  object  plane  and  the  photographs  examined 


under  the  microscope.  The  one  with  the  scale  in  the  object  plane 
will  have  the  lines  most  sharply  defined  and,  with  the  aid  of  a  com¬ 
parator,  can  be  used  to  determine  the  enlargement  factor,  E. 

Examination  of  this  scale  photograph  also  indicates  that  the 
distortion  introduced  by  the  camera  objective  in  The  Rockefeller 
Institute  equipment  is  negligible.  Although  some  comartic  blur¬ 
ring  of  the  lines  at  the  edges  of  the  field  is  apparent,  the  interval 
between  the  lines  remains  uniform  within  the  limits  of  error,  5 
microns,  of  the  comparator  readings.  This  result  might  be  ex¬ 
pected  in  view  of  the  fact  that  the  camera  objective  is  similar  to 
the  schlieren  lens  and  is  used  at  a  smaller  aperture. 

Since  it  is  convenient  to  have  the  enlargement  factor  unity, 
it  is  usually  necessary  to  adjust  the  length  of  the  camera.  If  the 
image  distance  is  v'  when  the  enlargement  is  E  and  v  when  E  =  1, 
the  adjustment  is  v'  —  v  =  (E  —  1)/,  in  which/is  the  focal  length 
of  the  objective.  This  follows  from  the  lens  formulas,  v/u  =  E 
and  1/m  +  1  A’  =  1//,  in  which  u  is  the  object  distance.  Since 
the  adjustment  is  small,  /  is  given  with  adequate  precision  by  the 
relation  /  =  v' /(E  +  1). 

Owing  to  the  convergence  of  the  light  after  it  leaves  the 
schlieren  lens,  the  cell,  to  be  uniformly  illuminated,  must  be 
placed  close  to  this  lens.  With  the  camera  adjusted  so  that  E  = 
1  it  is  moved  as  a  unit  along  the  axis  until  its  object  plane  coin¬ 
cides  with  the  plane  through  C  (Figure  12).  It  will  also  be  ap¬ 
parent  that  these  adjustments  must  precede  the  focusing  of  the 
horizontal  slit  on  the  schlieren  diaphragm. 

Another  test  for  the  camera  focus,  one  that  is  peculiar  to  the 
schlieren  method  and  is  mentioned  by  Schardin  (13),  is  illus¬ 
trated  in  Figure  19,  where  a  series  of  rays  has  been  traced 
through  a  somewhat  idealized  system. 

Since  the  rays  are  spaced  at  equal  intervals  in  the  object  plane, 
C,  where  the  incident  illumination  is  uniform,  their  “density” 
at  any  level  on  a  vertical  line  may  be  taken  as  a  measure  of  the 
light  intensity  at  that  level.  If  a  boundary  is  present  in  the  re¬ 
gion  from  hi  to  h2,  with  the  maximum  gradient  at  hm,  the  rays 
through  this  region  are  then  deflected  as  shown  but,  in  the  ab¬ 
sence  of  a  diaphragm,  the  illumination  remains  uniform  in  the 
image  plane  at  G.  In  a  neighboring  plane  at  (?',  however,  the 
illumination  is  above  the  average  at  the  level,  H',  and  below  it  at 
H" ,  whereas  this  order  of  intensities  is  reversed  in  the  plane  at 
G".  Consequently,  if  a  boundary  is  present  in  the  channel  and 
the  diaphragm  is  removed,  the  cell  image  is  uniformly  illuminated 
only  in  the  focal  plane  of  the  camera. 


Figure  1  8.  Effect  of  Spherical  Aberration 


This  test  for  the  camera  focus  is  surprisingly  sensitive  if  the 
boundary  is  sharp — i.e.,  one  for  which  the  refractive  index 
difference,  An,  is  small  and  the  maximum  gradient,  nm,  is  large. 
It  is  preferable  to  have  n'm  not  so  large,  however,  that  the  lens 
mount  acts  as  a  schlieren  diaphragm.  With  such  a  boundary  in 
the  channel  a  movement  of  the  ground  glass  by  as  little  as  1  mm. 
from  the  focal  plane  will  produce  the  effect. 

It  has  already  been  noted  that  improper  focusing  of  the  hori¬ 
zontal  slit  on  the  schlieren  diaphragm  leads  to  a  pattern  with  a 
sloping  base  line.  An  improperly  focused  camera  leads,  on  the 
other  hand,  to  tilted  peaks  in  the  pattern.  Thus,  if  the  plate  were 
placed  at  G'  (Figure  19)  the  maximum  gradient  in  the  boundary 
would  appear  to  be  at  level  H'm,  whereas  its  true  position  in  the 
now  slightly  enlarged  image  is  at  H„r  Since  the  displacement, 
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Figure  19.  Test  for  Camera  Focus 


to  the  next.  A  setscrew  in  the  stop  at  <S  (Figure 
15)  is  provided  for  making  this  adjustment. 

The  errors  introduced  by  the  cylindrical  lens 
are  due  chiefly  to  the  uncertainty  in  the  position 
of  a  blurred  line.  The  magnitude  of  this  uncer¬ 
tainty  may  be  obtained  by  photographing  the 
grid  with  the  slit  image  at  the  axis  and  15  mm., 
say,  above  and  below  the  axis,  respectively.  The 
spacings,  at  different  levels,  between  the  lines  on 
each  of  the  three  plates  are  then  determined  and 
are  found,  in  the  case  of  the  lens  used  by  the 
author,  to  be  10.24  mm.  with  an  average  devia¬ 
tion  from  the  mean  of  0.016  mm.  The  maximum 
deviations  that  occur  near  the  edge  of  the  field 
are  as  great  as  0.06  mm.,  however,  and,  until 
corrected  cylindrical  lenses  become  available, 
render  this  method  unsuitable  for  precise  work. 
Since  the  spacing  of  the  points  in  the  real  scale  is 
5  mm.,  the  lateral  magnification,  K,  is  2.048. 


l'm  _  Hm,  is  proportional  to  the  deflection  the  ray  undergoes  in 
he  boundary,  the  resulting  peak  in  the  pattern  is  tilted. 

The  effects  of  improper  focus  of  the  horizontal  slit  and  of  the 
chlieren  camera  are  illustrated  in  Figure  20.  In  this  example 
he  boundary  was  due  to  a  2%  raffinose  solution  diffusing  into 
.ater. 

In  order  to  demonstrate  the  symmetry  of  the  gradients  in  this 
ioundary  it  was  first  scanned,  as  shown  in  Figure  20,  a,  with  the 
luminated  slit  and  the  camera  both  properly  focused.  A  white 
ne  was  then  drawn  through  the  maximum  gradient  parallel  to 
he  recorded  black  reference  line.  The  symmetry  about  this 
dute  line  is  apparent.  Moreover,  this  symmetry  was  not  lost 
/hen  the  boundary  was  next  scanned  after  moving  the  illumi- 
iated  slit  10  cm.  toward  the  thermostat,  Figure  20,  c.  In  this 
igure,  however,  the  sloping  base  line,  due  to  the  improperly  fo- 
used  slit,  is  evident.  Finally,  the  boundary  was  photographed 
vith  the  slit  in  focus  but  with  the  cell  moved  10  cm.  toward  the 
amera  (Figure  20,  6).  Here  the  base  line  is  horizontal  but  the 
ilting  of  the  peak,  because  the  camera  is  no  longer  focused  on  the 
ell,  is  apparent  from  the  asymmetry  about  the  white  line  that. 
3  drawn  as  in  a  and  c.  Although  some  diffusion  occurred  during 
he  recording  of  these  patterns,  the  lower  maximum  in  b  is  due 
nainly  to  the  shorter  distance  from  the  cell  to  the  diaphragm. 

Focusing  the  Cylindrical  Lens.  Although  thp  use,  in  the 
Jhilpot-Svensson  arrangement,  of  an  achromatic  cylinder  lens 
vould  be  desirable,  only  simple  lenses  have  thus  far  been  em- 
iloyed.  The  one  used  by  the  author  is  a  75  X  75  mm.  plano- 
■ylindrical  lens  with  a  focal  length  of  416  mm.  Since  it  is  free 
rom  a  defect  sometimes  encountered  in  lenses  of  this  type — 
lamely,  the  superposition  of  a  spherical  component  on  one  of  the 
aces — its  introduction  into  the  system  does  not  appreciably 
ihift  the  image  plane  of  the  camera.  This  lens  may  be  aligned 


Determination  of  Constants  a  and  b  of  Equation  1.  As 
is  clear  from  Equation  1,  AY  =  abn',  the  dimension,  a,  of  the 
channel  parallel  to  the  optic  axis  and  the  optical  distance,  5,  from 
the  center  of  that  channel  to  the  schlieren  diaphragm  should  be 
known  with  a  precision  equal  to  that  with  which  the  slit  image 
displacement,  AF,  can  be  determined.  Under  favorable  condi¬ 
tions  this  displacement  can  be  measured  to  0.02  mm.  and  if  it 
has  the  maximum  value  of  about  4  cm.  permitted  by  the  camera 
the  corresponding  error  is  0.05%.  This  precision  in  the  deter¬ 
mination  of  a  and  b  may  be  obtained  as  follows: 

The  value  of  a  near  the  t  op  and  bottom  of  the  channel  is  deter¬ 
mined  to  0.01  mm.  with  the  aid  of  an  inside  vernier.  The  follow¬ 
ing  procedure,  suggested  by  D.  A.  Maclnnes,  may  be  used  at 

other  levels.  .  . 

With  the  center  section  of  the  cell  in  a  horizontal  position  a 
brass  bar  whose  length,  l,  is  slightly  less  than  o,  and  whose  ends 
are  flat  and  parallel,  is  inserted  in  the  channel  with  one  end  resting 
on  what  is  now  the  bottom  window.  With  the  aid  of  the  microm¬ 
eter  adjustment  the  difference,  a  -  l,  is  determined  by  focusing 
a  microscope  alternately  on  the  upper  end  of  the  bar  and  on  dust 
particles  on  the  inside  wall  of  the  top  window.  This  is  repeated 
as  the  bar  is  shifted  along  the  channel.  The  dimensions  of  the 
bar  used  by  the  author  are  2.475  X  0.95  X  0.27  cm.  In  this 
manner  the  values  2.509,  2.508,  2.507,  2.507,  2.506,  2.506,  and 
2.507  cm.  were  obtained  at  equally  spaced  intervals  along  a  typical 
channel.  Since  the  average  deviation  from  the  mean  value  of 
2.507  is  only  0.03%,  a  may  be  taken  as  independent  of  h  in  this 
instance.  The  value  of  a  for  the  other  side  of  the  channel  in  the 
same  cell  was  also  essentially  constant  and  equal  to  2.512  cm. 

One  method  for  determining  the  optical  distance,  b,  is  illus¬ 
trated  in  Table  I.  In  the  first  column  is  listed  each  successive 


and  focused  as  follows: 

If  a  contact  print  of  the  glass  scale  is  made  on  a  photographic 
date  the  rulings  will  appear  in  the  print  as  transparent  lines  on  an 
ipaque  background.  If  this  print  is  then  placed  in  the  plane  of 
,he  schlieren  diaphragm  so  that  the  rulings  are  vertical,  the 
ntersection  of  each  ruling  with  the  image  of  the  illuminated 
lorizontal  slit  becomes  essentially  a  point  source  of  light  in  the 
ibject  plane  of  the  cylindrical  lens.  Since  a  point  in  the  object 
ilane  of  such  a  lens  is  brought  to  focus  in  the  image  plane  as  a 
ine  parallel  to  the  axis  of  the  cylinder,  a  grid  of  parallel  lines  will 
appear  on  the  ground  glass  of  the  camera.  By  rotation  of  the 
camera  tube  the  axis  of  the  cylindrical  lens,  and  hence  the  lines 
in  the  screen,  can  be  made  vertical.  As  in  the  case  of  the  camera 
abjective,  this  lens  may  be  focused  by  observing  these  lines,  with 
the  aid  of  a  microscope,  as  it  is  shifted  along  the  camera  axis. 
The  aberrations  introduced  by  this  uncorrected  lens  will  be  ap¬ 
parent,  however,  in  that  no  setting  can  be  found  in  which  all  the 
lines  are  uniformly  sharp. 

Blurring  due  to  the  lack  of  correction  in  the  cylindrical  lens  is 
not  to  be  confused  with  that  which  arises  when  this  lens  is  not 
normal  to  the  camera  axis.  The  vertical  alignment  is  not  critical 
but  small  deviations  of  the  cross-axis  of  this  lens  from  the  normal 
lead  to  a  blurring  that  becomes  progressively  worse  from  one  line 


ure  20.  Effect  of  Improper  Focusing  of  Illuminated  Slit  and 
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Table  I.  Determination  of  the  Optical  Distance,  b 


Element 

Ax 

n 

Ax/ n 

a/2 

1.25 

1, 

.334 

0. 

94 

Cell  window 

0.30 

1 

.526 

0. 

20 

Cell  window  to  inside  thermostat  window 

23.77 

1 

.334 

17. 

.8: 

Inside  thermostat  window 

0.63 

1 

.526 

0. 

42 

Air  space  in  double  window 

2^54 

1 

.000 

2. 

.54 

Outside  thermostat  window 

0.63 

1 

.526 

0. 

.42 

Outside  thermostat  window  to  diaphragm 

159. 7j 

1 

.000 

159. 

•  7s 

b  =  182.06  cm. 


where  A  is  now  the  refracting  angle  of  the  hollow  prism,  D'  is  the 
minimum  deflection  in  water  due  to  the  aqueous  solution  of  re¬ 
fractive  index,  na,  and  D  is  the  deflection  after  emergence  from 
the  thermostat.  Equation  4  may  also  be  written 

n./wo  =  (sin  1/2  A  cos  1/2  D’  +  sin  l/2  D'  cos  l/2  A)/sin  1/2  A  = 

cos  V2 D'  +  sin  V2  D'  cot  l/2  A 

With  sufficiently  dilute  solutions  D'  is  small,  cos  x/2  D'  =  1, 
sin  V2D'  =  1/2D'  and  Equation  5  becomes!)  =  noD',  so  that 


element  in  the  path  while  its  dimension,  parallel  to  the  optic 
axis,  is  given  in  the  second  column.  The  factor,  b,  is  then  the 
sum  of  these  distances  after  division  of  each  by  the  corresponding 
refractive  index,  column  3,  referred  to  air  as  unity. 

It  is  also  convenient  to  determine  b  with  the  aid  of  a  small 
glass  prism.  With  the  prism  oriented  for  minimum  deviation 
(5),  it  is  placed  in  the  object  plane  of  the  camera— i.e.,  C  (Figure 
10) — and  forms  at  the  schlieren  diaphragm  an  image  of  the  illu¬ 
minated  slit  that  is  displaced  AY  cm.  below  the  normal  slit  image. 
A  crown-glass  prism  of  about  6-diopter  power  is  suitable  if  the 
prism  angle,  A,  and  the  minimum  deflection  in  air,  D" ,  for  X  = 
5769-5790  are  known  to  within  2"  of  arc.  (Prisms  of  this  type, 
acceptable  for  calibration  by  the  Bureau  of  Standards,  Washing¬ 
ton,  D.  C.,  may  be  obtained  from  the  Maberg  Optical  Co.,  New 
York,  N.  Y.,  and  from  the  Perkin-Elmer  Corporation,  Glen- 
brook,  Conn.)  The  formula  no  =  sin  1/2  ( A  +  D")/sin  1/2  A, 
may  then  be  used  to  compute  no,  the  refractive  index  of  the  glass. 
Since  the  refractive  index  of  water,  no,  is  1.33431  (18)  at  0.5°, 
whereas  no  is  essentially  the  same  as  at  room  temperature,  the 
deflection  in  water,  D',  is  D'  =  —A+2  sin-1  (no  sin  V2  A/no). 
After  refraction  at  the  water-air  interface  the  deflection,  D,  out¬ 
side  of  the  thermostat  is  D  =  sin-1  (no  sin  D')  and  b  —  AY/D. 
The  value  of  b  obtained  in  this  manner,  182. 02  cm.,  is  in  good 
agreement  with  that  measured  directly,  182. 0e  cm.,  Table  I,  and 
is  probably  the  more  reliable  since  the  prism  method  tends  to 
compensate  for  imperfections  in  the  windows. 

Measurement  of  Refractive  Index  Differences.  In 
order  to  minimize  the  disturbing  effects  of  convection  in  the  elec¬ 
trophoresis  of  protein  solutions,  and  also  to  reduce  the  growth  of 
microorganisms,  most  work  on  these  solutions  is  done  near  0°  C. 
The  quantitative  interpretation  of  the  patterns  has  been  ham¬ 
pered,  however,  by  the  lack  of  precise  refractive  index  measure¬ 
ments  on  solutions  at  this  temperature.  When  used  in  conjunc¬ 
tion  with  hollow  prism  cells  the  optical  equipment  described  here 
is  well  adapted  for  such  measurements  and  this  report  concludes 
with  a  description  of  this  application  of  the  apparatus. 

Since  the  hollow  prism  is  immersed  in  water  no  deflection,  ex¬ 
cept  that  due  to  imperfections  in  the  prism  windows,  is  observed 
when  it  is  also  filled  with  water.  The  deflection  that  occurs  when 
a  dilute  aqueous  solution  is  introduced  into  the  prism  cell  is  due 
to  the  difference,  An,  between  the  refractive  index  of  the  solution, 
na,  and  of  water,  no.  The  method  is  thus  a  differential  one. 

As  in  the  determination  of  the  optical  distance,  b,  with  the  aid 
of  the  glass  prism  the  relations  are 

njno  =  sin  l/2(A  +  D')/sin  V2  A  (4) 

and 

sin  D  =  no  sin  D'  (5) 


(n,  —  no) /n0  =  An/n0  =  (l/2  cot  V2  A)D' 

or  simply 

An  =  (l/2  cot  V2  A)D  =  (72  cot  l/2  A)  AY /b  (6) 

In  the  case  of  the  two  prism  cells  shown  diagrammatically  in 
Figure  21,  A  =  60°  36'  and  30°  8',  respectively,  and  the  corre¬ 
sponding  cell  constants,  l/2  cot  V2  A,  are  0.8556  and  1.857. 
These  angles  were  determined  with  the  aid  of  a  spectrometer  of 
ordinary  precision  after  filling  the  cells  with  mercury.  For  an 
accuracy  of  0.05%  in  the  cell  constant  a  60°  angle  needs  to  be 
known  to  the  nearest  90"  and  a  30°  angle  to  the  nearest  50". 
With  the  60°  cell  an  uncertainty  of  0.02  mm.  in  AF  corresponds 
to  an  error  of  1  X  10_t  in  An  and  the  precision  of  the  method  thus 
compares  favorably  with  that  of  the  other  available  procedures 
(1).  It  may  also  be  shown  that  within  this  limit  of  error  the 
approximate  Equation  6  is  valid  if  AF  does  not  exceed  2  cm. 
With  a  60°  cell  and  b  =  182  cm.  this  corresponds  to  a  5%  protein 
solution.  Similarly,  if  the  bisector  of  the  refracting  angle  is 
vertical,  the  error  introduced  by  the  difference  between  the  ac¬ 
tual  deviation  and  the  minimum  deviation  will  not  exceed  1  X 
10-5 in  An. 

As  is  shown  in  Figure  21,  a  and  b,  the  two  prism  cells  are  sup¬ 
ported  in  such  a  way  as  to  be  interchangeable  with  the  Tiselius 
cell  at  C  (Figure  10).  Although  the  60°  cell  is  ordinarily  used 
for  dilute  solutions  and  the  30°  cell  for  more  concentrated  ones, 
the  scanning  photograph  (Figure  21,  d)  was  obtained  with  the 
same  solution  in  both  cells  in  order  to  illustrate  not  only  the  ex¬ 
perimental  procedure  but  also  a  test  of  the  method.  The  solution 
in  this  instance  was  approximately  1  N  barium  chloride  while 
Figure  21,  c,  was  recorded  on  the  same  plate  with  water  in  the 
cells.  The  print  (negative)  is  mounted  here  so  that  the  height, 
H,  corresponds  to  that  at  the  cells.  The  gaps  between  the  ex¬ 
posed  areas  are  due  to  the  opaque  cemented  joints  of  a  cell. 

The  right-hand  edge  of  each  exposed  area  in  Figure  21,  c  and  d, 
is  the  value  of  N  as  a  function  of  H.  The  displacement  of  this 
edge  at  the  level  of  a  cell  from  that  above  or  below  is  proportional 
to  the  slit  image  displacement,  AF,  at  the  schlieren  diaphragm, 
the  factor  of  proportionality  being  the  ratio,  M,  of  the  plate 
movement  to  that  of  the  diaphragm  in  the  scanning  process.  If 
the  system  were  optically  perfect  and  the  water  in  the  cells  iden¬ 
tical  with  that  in  the  thermostat,  the  right-hand  edges  in  c  would 
all  lie  on  a  vertical  line.  Since  this  ideal  condition  is  not  realized, 
especially  with  the  30°  cell,  correction  must  be  made  by  sub¬ 
tracting  the  displacement  that  occurs  with  water  in  a  cell  from 
that  when  solution  is  present.  With  the  aid  of  a  two-coordinate 
comparator  the  value  of  N  in  c  at  some  level  conjugate  to  the 
30°  cell,  say  H30,  is  determined  relative  to  a  value  of  N  outside 
the  cell,  say  at  Ho,  as  zero.  This  value  of  N  may  be  designated 
N%°.  In  Figure  21,  d,  the  value  of  N  at  the  same 
level,  H3o,  relative  to  that  at  Ho,  is  also  determined 
and  is  designated  N30.  The  difference,  N M  —  N%°, 
is  then  equal  to  M  AY  and  leads,  in  the  present 
example,  to  An  =  0.01574s.  Similar  measurements 
at  some  level  conjugate  to  the  60°  cell,  say  Ho 0, 
give  the  closely  agreeing  value  of  An  =  0.015743, 
thus  indicating  that  the  effect  of  varying  the  re¬ 
fracting  angle,  A,  is  given  correctly  by  Equation  4. 

Accidental  errors  in  the  location  of  the  edge 
can  be  reduced  by  taking  the  average  of  readings 
at  values  of  H  conjugate  to  other  levels  both 
inside  and  outside  a  cell.  Although  the  watei 
with  which  a  prism  cell  is  filled  in  determining  N< 
should  be  the  same  as  that  used  in  preparing  the 
solution,  the  purity  of  the  thermostat  water,  01 
the  other  hand,  is  not  critical. 
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Figure  21.  Determination  of  Differences  of  Refractive  Index 
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Owing  to  imperfections  in  the  optical  system  both  the  normal 
and  deviated  slit  images  are  less  sharply  defined  than  the  illu¬ 
minated  slit  itself.  If  the  slit  image  displacement  were  measured 
directly  with  a  micrometer  ocular,  say,  this  blurring  represents  a 
source  of  uncertainty  that  is  eliminated  with  the  schlieren  scan¬ 
ning  camera  since  this  permits,  in  effect,  the  use  of  images  formed 
by  selected,  small  portions  of  the  field.  The  prism  cell  specifica¬ 
tions  are  thus  not  so  exacting  as  in  the  conventional  spectrometer 
methods. 

While  the  use  of  the  cylindrical  lens  method  for  the  direct  deter¬ 
mination  of  An  cannot  be  recommended,  it  can  be  used  to  advan¬ 
tage  to  determine  the  dispersion  due  to  the  solute — i.e.,  the  dif¬ 
ferences  An(Xi)  —  A n(X2),  in  the  refractive  index  increment  for 
different  wave  lengths.  With  a  solution  of  sufficient  concentra¬ 
tion  in  the  prism  cell  to  give  a  good  deflection,  the  horizontal  and 
inclined  slits  are  both  nearly  closed,  the  filter  is  removed,  and  the 
separation  of  the  lines  of  the  mercury  spectrum  in  the  focus  of 
the  schlieren  camera  is  measured  with  the  aid  of  a  micrometer 
ocular.  If  An  for  the  yellow  lines,  say,  has  been  deter¬ 
mined  independently  by  the  scanning  procedure,  the  values  of 
An  for  the  red,  green,  blue,  and  violet  lines  can  then  be  estimated 
with  adequate  precision  from  the  respective  separations  between 
these  and  the  yellow  lines. 
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Deproteinization  by  Metaphosphoric  Acid 

A  Review  of  Its  Value  for  the  Analyst 

A.  A.  HORVATH,  Pharmacology  Section,  Calgon,  Inc.,  Pittsburgh,  Pa. 


A  review  of  the  literature  on  deproteinization  by  metaphosphoric 
acid  is  presented.  Metaphosphoric  acid  is  accepted  as  the  most 
generally  reliable  deproteinizing  agent  for  determining  ascorbic 
acid  in  plant  and  animal  materials, *and  is  of  value  for  determining 
lactose  in  milk  and  deproteinizing  clinical  specimens.  It  can  also 
be  used  for  isolation  and  quantitative  determination  of  protein  in 
agricultural  and  other  products. 

WHILE  there  exists  today  a  need  for  a  reliable  deproteinizing 
agent  for  biological  specimens  in  general  which  would  be 
readily  available,  easy  to  handle,  and  free  from  objectionable 
effects  on  the  constituents  to  be  determined  in  the  filtrate,  com¬ 
paratively  little  attention  has  been  given  to  the  valuable  proper¬ 
ties  of  metaphosphoric  acid  and  its  sodium  salts,  except  for 
ascorbic  acid  determination. 

Although  a  large  number  of  publications  dealing  with  depro¬ 
teinization  by  metaphosphoric  acid  are  to  be  found  in  foreign 
.journals,  there  is  a  scarcity  of  coordinated  authentic  information 
pn  metaphosphoric  acid  and  metaphosphates 

EARLY  WORK 

While  metaphosphoric  acid,  HP03,  can  be  prepared  by  corn- 
lining  phosphorus  pentoxide  with  water  or  with  orthophosphoric 
cid,  H3PO4,  the  product  is  a  highly  viscous  fluid,  impractical  for 
ise.  Where  investigators  mention  metaphosphoric  acid  with¬ 


out  giving  particulars,  they  refer  usually  to  the  so-called  glacial 
phosphoric  acid  which  is  commercially  available  in  the  form  of 
sticks.  This  is  an  acid  sodium  phosphate  glass  approximating  in 
composition  the  formula  Na^O.^O^PjOs.  Graham’s  salt, 
first  obtained  in  1833  by  fusing  and  quickly  cooling  sodium  di¬ 
hydrogen  phosphate,  is  a  substantially  neutral  sodium  phosphate 
glass  represented  by  the  formula  Na2O.P2C>5.  This  glass  is  com¬ 
monly  though  inaccurately  designated  as  “sodium  hexametaphos- 
phate”.  When  devitrified  by  heating  below  625°  C.,  it  yields 
crystalline  water-soluble  sodium  tri metaphosphate,  (NaPOj)j. 
Other  sodium  phosphate  glasses  with  ratios  of  sodium  oxide  to 
phosphorus  pentoxide  of  up  to  approximately  1.7  may  be  made. 

The  complexity  of  the  phosphate  glasses  is  illustrated  by  the 
finding  of  Karbe  and  Jander  {24)  that,  when  Graham’s  salt  is 
prepared  at  a  temperature  of  1160°  C.,  the  molecular  weight  of  the 
anion  amounts  to  more  than  7000. 

Berzelius  (S)  discovered  in  1816  that  a  phosphoric  acid,  known 
today  as  metaphosphoric  acid,  has  the  property,  not  shared  by 
either  the  pyro-  or  the  orthophosphoric  acid,  of  coagulating  egg 
white.  In  1825  Engelhart  {12)  presented  data  on  the  precipita¬ 
tion  of  dilute  blood  serum  proteins  with  metaphosphoric  acid. 
In  1880  Lorenz  {31),  experimenting  with  dilute  solutions  of  gela¬ 
tin,  obtained  precipitates  by  means  of  metaphosphoric  acid  or  of 
sodium  metaphosphate  and  hydrochloric  acid.  Repeated  wash¬ 
ing  with  water  was  found  to  reduce  the  phosphorus  pentoxide 
content  of  the  gelatin-metaphosphate  compound.  No  antiseptic 
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was  required  during  the  washing  operation,  since  the  compound 
is  resistant  to  bacterial  decomposition. 

In  1888  Lieberman  (29)  obtained  precipitates  of  egg  albumin 
with  glacial  phosphoric  acid,  which  resembled  nucleins.  A  year 
later  Pohl  (43)  treated  dilute  serum  albumin  with  concentrated 
sodium  metaphosphate  and  obtained  upon  acidification  with  hy¬ 
drochloric  acid  a  precipitate  with  a  nearly  constant  phosphorus 
content  (5.54  to  5.69%).  Hemialbumoses,  prepared  from  Witte’s 
peptone  by  means  of  precipitation  with  ammonium  sulfate,  also 
gave  precipitates  with  metaphosphoric  acid,  which  dissolved  on 
heating  and  reappeared  on  cooling. 

In  1892  Malfatti  (32)  obtained  precipitates  by  treating  blood 
serum  proteins,  dissolved  in  0.3%  hydrochloric  acid,  with  meta¬ 
phosphoric  acid.  The  precipitates  were  found  to  contain  6.1% 
phosphorus;  after  repeated  (five  times)  dissolving  in  ammoniated 
water  and  reprecipitation  with  acetic  acid,  the  phosphorus  content 
was  reduced  to  1.6%.  From  the  filtrates  a  product  rich  in  phos¬ 
phorus  wras  obtained  upon  acidification  with  hydrochloric  acid. 

The  following  year  Deniges  (9)  recommended  a  5%  solution  of 
sodium  metaphosphate  with  some  hydrochloric  or  sulfuric  acid 
for  deproteinization  of  milk  for  lactose  determination.  Five 
years  later  Chassaigne  (5)  used  sodium  metaphosphate  solution 
and  hydrochloric  acid  as  deproteinizing  agent  in  his  studies  on 
the  reducing  substances  of  blood. 

Pick  (42)  studied  in  1898  the  precipitating  effect  of  metaphos¬ 
phoric  acid  on  aqueous  solutions  of  various  albumoses  and  pep¬ 
tones,  and  obtained  only  a  trace  of  turbidity  with  protalbumose, 
and  with  the  secondary  albumose  A  a  white  precipitate,  which 
dissolved  on  heating  and  reappeared  on  cooling.  None  cf  the 
other  albumoses,  or  the  peptones,  gave  any  turbidity. 

In  1902  Fuld  (Id),’ who  took  up  Hofmeister’s  w  ork  on  protein- 
metaphosphate  compounds,  reported  earlier  (1896)  work  by 
Georgiewsky  from  the  same  laboratory,  who  precipitated  solu¬ 
tions  of  serum  albumin  with  an  excess  of  glacial  phosphoric  acid, 
as  well  as  with  solutions  of  phosphate  glass  (Graham’s  salt)  and 
hydrochloric  acid,  and  obtained  products  with  nearly  constant 
phosphorus  content,  averaging  3.47%  phosphorus,  which  re¬ 
mained  practically  the  same  even  after  dissolving  in  ammonia 
followed  by  reprecipitation  by  acid.  Fuld  also  showed  the  solu¬ 
bility  of  the  protein-phosphate  compound  in  alkalies  and  neutral 
salts,  a  subject  which  has  been  investigated  in  recent  studies  by 
Perlmann  and  Herrmann  (40),  Briggs  (4),  and  Horvath  (23). 

In  his  own  experiments,  Fuld  (16)  precipitated  12.5%  solutions 
of  serum  albumin  with  increasing  amounts  of  10%  glacial  phos¬ 
phoric  acid,  and  obtained  products  with  a  nearly  constant  phos¬ 
phorus  content  (average  3.33%).  Fuld  interprets  his  lower 
figure,  as  compared  with  Georgiewsky’s,  as  due  to  more  thorough 
washing  of  the  precipitate,  and  the  prevention  of  the  splitting  off 
of  albumoses  by  the  acid  by  immediately  pouring  large  volumes 
of  water  on  the  precipitate.  With  crystalline  ovalbumin  Fuld 
obtained  under  similar  conditions  a  product  containing  2.43% 
phosphorus,  and  with  Hamarsten’s  casein  an  average  of  3% 
phosphorus.  No  constant  figures  were  obtained  with  crystalline 
hemoglobin  (2.83  to  4.06%),  owing  to  the  gradual  splitting  off  of 
hematin.  Serum  globulins  gave  unsatisfactory  results.  Pro- 
talbumoses  showed  turbidity,  which  dissolved  on  heating  or  in 
excess  acid.  Peptones  gave  no  turbidity.  Fuld  also  established 
the  fact  that  the  amount  of  metaphosphoric  acid  combined  by  a 
protein  depends  on  its  diaminoaeid  content,  and  is  suggestive  of 
an  amino  group  link,  a  fact  which  has  been  corroborated  in  re¬ 
cent  times  by  other  investigators  (4, 39,  40). 

In  his  1914  study  on  glucose  and  lactic  acid  of  blood  and  other 
body  fluids,  Chelle  (6)  used  sodium  metaphosphate  (phosphate 
glass,  0.6%  solution)  as  deproteinizing  agent  in  the  presence  of 
sulfuric  acid. 

DEPROTEINIZATION  OF  BLOOD 

In  1916  there  appeared  the  substantial  paper  by  Folin  and 
Denis  (13)  on  deproteinization  of  blood  and  urine  by  glacial 


phosphoric  acid,  whioh  is  said  to  be  remarkably  effective  as  a  pre¬ 
cipitant  for  the  blood  proteins.  It  is  better  than  colloidal  iron 
and  fully  as  good  as  trichloroacetic  acid,  and  yields  filtrates  which 
are  as  colorless  and  clear  as  water,  which  remain  clear,  and  which  1 
boil  without  foaming. 

The  recommended  procedure  is  to  dilute  5  cc.  of  blood  with  an 
equal  volume  of  water,  and  to  precipitate  the  proteins  by  3  cc.  : 
of  25%  metaphosphoric  acid.  The  solution  should  be  prepared 
fresh  every  several  days,  as  a  gradual  reversion  to  orthophos- 
phoric  acid  takes  place.  The  mixture  is  diluted  to  50  cc.  and, 
after  shaking,  filtered  through  a  dry  filter  paper.  The  technique 
of  nonprotein  nitrogen  determination  in  the  filtrate  is  given  in 
detail.  For  urea  determination  the  urease  effect  must  be  com¬ 
pleted  before  the  metaphosphoric  acid  is  added.  For  deprotein¬ 
ization  of  urine  10  cc.  are  treated  with  1  cc.  of  25%  metaphos¬ 
phoric  acid.  The  procedure  of  ammonia  determination  as  well 
as  of  urea  in  urine  by  the  nesslerization  method  is  fully  described. 

In  the  following  year,  Sjollema  and  Hetterschy  (46)  used  glacial 
phosphoric  acid  for  deproteinization  in  the  determination  of 
nonprotein  nitrogen  in  dog  and  ox  blood,  as  well  as  in  horse  blood 
serum,  by  a  modified  Bang’s  technique.  The  specimens  wrere 
absorbed  on  strips  of  filter  paper,  weighed,  immersed  for  1  hour 
in  3.5%  metaphosphoric  acid  and  washed,  and  the  nonprotein 
nitrogen  was  determined  in  the  fluid.  The  authors  also  con-  j 
ducted  parallel  deproteinization  experiments  by  phosphomolybdic 
and  trichloroacetic  acid.  The  figures  of  nonprotein  nitrogen  in 
the  filtrates  were  highest  for  trichloroacetic  acid,  next  for  meta-  i 
phosphoric  acid,  and  lowest  for  phosphomolybdic  acid.  Differ¬ 
ences  disappeared  when  dialyzed  blood  was  used,  wdiere  a  part  of’  i 
polypeptides,  amino  acids,  etc.,  were  removed.  Phosphomolybdic 
acid  gives  a  precipitate  in  metaphosphoric  acid  filtrates. 

In  1921  Wolff  (50),  using  Bang’s  technique,  found  that  meta-  , 
phosphoric  acid  precipitates  only  a  small  part  of  primary  albu¬ 
moses,  leaving  70  to  80%  of  them  in  the  filtrate.  In  it  are  to  be 
found  also  over  80%  of  secondary  albumoses  and  all  of  the  . 
peptones.  Phosphomolybdic  acid,  on  the  other  hand,  completely 
precipitates  the  primary  albumoses  and  leaves  only  8%  of  the 
secondary  albumoses  in  the  filtrate.  Peptones  are  precipitated 
by  it  very  incompletely. 

Wolff  conducted  parallel  precipitation  of  blood  specimens  by 
phosphomolybdic  and  metaphosphoric  acids,  and  stated  that  the 
difference  in  the  nitrogen  contents  of  the  filtrates  represented 
approximately  the  nitrogen  of  albumoses.  By  means  of  such  a. 
technique  a  large  number  of  clinical  blood  samples  were  investi¬ 
gated,  showing  the  existence  of  a  distinct  hyperalbumosemia 
(of  90  to  240  mg.  %  as  against  20  to  65  mg.  %  in  normal  indi¬ 
viduals)  in  typhoid  fever,  pneumonia,  and  pleuritis.  In  leukemia, 
the  existing  blood  hyperalbumosemia  originates  from  the  white 
cells  which  are  extremely  rich  in  albumoses.  A  light  hyperal¬ 
bumosemia  was  observed  often  in  cancer.  Blood  hyperalbumo¬ 
semia  was  absent  in  Bright’s  disease  and  patients  with  stomach 
ulcers  and  liver  disease. 

In  the  same  year  Guillaumin  {21)  compared  the  deproteiniza¬ 
tion  of  blood  plasma  by  tungstic,  metaphosphoric,  and  tri¬ 
chloroacetic  acids,  and  found  that  the  average  minimal  required 
acidity  was  a  pH  of  4.8  at  a  dilution  of  1  to  10.  With  increas¬ 
ing  acidity  the  nonprotein  nitrogen  of  meta-  and  tungstic  acid 
filtrates  declines,  while  the  trichloroacetic  acid  filtrate  is  not 
much  affected  by  it. 

Further  comparative  studies  along  these  lines  were  conducted 
in  1922  by  Hiller  and  Van  Slyke  (22)  on  ox  blood,  deprived  of  its 


urea  nitrogen  by  means  of 

urease  and  aeration.  Results: 

NPN 

Amino  N 

Peptide  N 

Mg.  % 

Mg.  % 

Mg.  % 

Tungstic  acid 

28.1 

9.2 

4.1 

Picric  acid 

8.3 

4.6 

Metaphosphoric  acid 

28.3 

7.9 

3.9 

Trichloroacetic  acid  (2.5%) 

28.8 

7.9 

7.0 

Colloidal  iron 

29  4 

7.8 

Trichloroacetic  acid  (5%) 

26  7 

7.5 

4 !  9 

Trichloroacetic  acid  (10%) 

26. 1 

7.1 

4.6 

Alcohol 

•  18  2 

4.9 

1.4 

.pril,  1946 


ANALYTICAL  EDITION 


231 


Investigations  by  Grigaut  {19),  published  during  the  same 
ear,  were  conducted  on  human  whole  blood,  red  corpuscles,  and 
;rum,  using  the  following  technique  for  deproteinization  by 
letaphosphoric  acid: 

Cc.  Cc. 

srum  10  Whole  blood  (or  red  cells)  10 

odium  metaphosphate  (5%)  8  Sodium  metaphosphate  (5%)  25 

[ydrochloric  acid  (2  N )  2  Hydrochloric  acid  (2  N)  5 

In  parallel  experiments  in  deproteinization  by  trichloroacetic 
cid  equal  volumes  of  blood  serum  and  of  20%  trichloroacetic 
cid  were  used.  The  blood  serum  of  patients  with  chronic 
ephritis  and  with  diabetes  showed  a  twofold  and  fourfold,  re- 
pectively,  higher  nonprotein  nitrogen  value  in  metaphosphoric 
cid  filtrates  as  compared  with  trichloroacetic  acid  filtrates, 
-hi le  the  uric  acid  values  were  practically  identical  for  both  pre- 
ipitants. 

In  further  studies  on  the  deproteinization  of  blood,  spinal 
luid,  and  pathological  fluids  by  metaphosphoric  acid,  Grigaut 
nd  Zizine  {20)  pointed  out  the  importance  of  proper  dilution 
nd  acidity.  The  higher  the  preliminary  dilution  of  the  speci- 
aen,  the  lower  is  the  nonprotein  nitrogen  of  the  filtrate.  Dilu- 
ions  of  various  pathological  blood  sera  1  to  1  gave  much  higher 
onprotein  nitrogen  figures  in  the  filtrates  than  a  dilution  1  to 
0.  As  to  the  proper  acidity,  there  exists  for  every  serum  an 
adividual  range  of  complete  deproteinization  between  the  so- 
alled  minimal  and  maximal  acidity.  Expressed  in  cubic  cen- 
imeters  of  hydrochloric  acid  (2  N)  per  10  cc.  of  serum,  the  ranges 
re  0.5  to  4.0  cc.;  0.9  to  2.8  cc.;  0.6  to  4.3  cc.;  1.2  to  3.5  cc.; 
i.7  to  4.3  cc.;  and  0.6  to  3.6  cc.  A  medium  acidity  and  a  dilution 
.f  1  to  1  were  used  to  obtain  in  the  metafiltrate  certain  substances 
f  the  polypeptide  type  less  complex  than  albumoses  and  peptones, 
.•hich  are  of  interest  in  pathological  sera.  The  techniques  used 
/ere: 


erum 

Vater 

odium  metaphos¬ 
phate  (20%,  ap¬ 
proximately  2  N) 

lydrochloric  acid 
(2  N) 


Cc. 

10 

Whole  blood 

Cc. 

10 

Cerebrospinal 

Cc. 

6 

Water 

20 

fluid 

10  ‘ 

Sodium  metaphos¬ 
phate 

5 

Sodium  metaphos¬ 
phate  (20%) 

0.5 

2 

Hydrochloric  acid 
(2  N) 

5 

Hydrochloric  acid 

(2  N) 

0.5 

2 


In  a  number  of  pathological  sera  metaphosphoric  acid  (1  to  1) 
;ave  a  higher  nonprotein  nitrogen  than  trichloroacetic  acid 
1  to  1),  which  is  evidently  not  due  to  hydrolysis.  The  fil- 
rates  from  metaphosphoric  acid  were  found  to  contain  uro- 
>iline,  while  the  trichloroacetic  acid  filtrates  were  free  of  this 
onstituent,  a  phenomenon  which  is  attributed  by  the  authors  to 
ts  being  bound  to  protein.  Blood  filtrates  from  metaphosphoric 
cid  give  urea  and  uric  acid  figures  similar  to  the  ones  from  tri- 
hloroacetic  acid,  and  are  a  suitable  substitute  for  tungstic  acid 
iltrates  for  blood  sugar  determinations  by  the  Folin-Wu  method. 

During  the  same  year  Cristol  (7)  confirmed  Grigaut’s  data 
hat  the  metaphosphoric  acid  filtrates  of  blood  serum  contain 
core  nonprotein  nitrogen  than  the  trichloroacetic  acid  filtrate, 
-nd  established  by  means  of  a  positive  biuret  test  that  this  ex- 
ess  nitrogen  is  of  protein  nature.  In  Cristol’s  opinion  this  extra 
litrogen  in  the  metaphosphoric  acid  filtrate  may  be  caused  by 
he  splitting  effect  of  the  metaphosphoric  acid  itself,  and  he  was 
ble  to  confirm  it  experimentally,  where  the  metaphosphoric  acid 
vas  added  either  subsequently  to  the  hydrochloric  acid  or  in 
nixture  with  the  latter  (maximal  effect),  but  not  where  the  meta- 
>hosphoric  acid  was  added  first.  The  intensity  of  the  biuret 
eaction  in  the  metaphosphoric  acid  filtrates  was  shown  also  to 
>e  dependent  upon  the  duration  of  the  metaphosphoric  acid  ac- 
ion  on  the  serum,  increasing  with  time.  By  dialyzing  blood 
erum,  Cristol  was  unable  to  detect  any  biuret-positive  con- 
tituents  in  the  dialyzing  fluid. 

In  1923,  Cristol  and  Nikolitch  {8)  made  a  comparative  study 
>f  deproteinization  by  metaphosphoric,  tungstic,  and  trichloro¬ 
acetic  acids,  using  the  following  technique: 


Plasma  (or  pathological  fluid) 

1  N  Sodium  metaphosphate  (10.2%) 
Water 

1  N  Sulfuric  acid 
Plasma 

Sodium  metaphosphate  (1.5%) 
Water 

0.1  N  sulfuric  acid 

Red  blood  cells  (diluted  1  to  1) 

1  N  sodium  metaphosphate  (10.2%) 
1  N  sulfuric  acid 

Red  blood  cells  (diluted  1  to  1) 
Sodium  metaphosphate  (1.5%) 
Water 

0.1  N  sulfuric  acid 


Cc. 


2  Average  pH  of  filtrate  3.3 
36  to  3.6  (strong  acidity)  • 

2 

10 

10  Average  pH  of  filtrate  4.5 
20  to  4.8  (minimal  acidity) 

10 

10 

10  Average  pH  of  filtrate  2.0 
10  to  2.2  (strong  acidity) 

20 

30  Average  pH  of  filtrate  4.5 
14  to  4.8  (medium  acidity) 

36 


In  deproteinization  by  tungstic  acid  the  minimal  and  strong 
acidities  of  the  plasma  filtrates  (diluted  1  to  5)  were  approximately 
the  same  as  for  metaphosphoric  acid.  The  filtrates  (diluted 
1  to  1)  from  trichloroacetic  acid  had  as  minimal  acidity  a  pH  of 
2.0,  and  as  strong  acidity  a  pH  of  below  1.  In  the  metaphos¬ 
phoric  and  tungstic  acid  filtrates  higher  nonprotein  nitrogen  re¬ 
sults  were  obtained  at  higher  pH  values.  At  high  acidity,  the 
metaphosphoric  acid  filtrates  gave  the  highest  nonprotein  ni¬ 
trogen  figures  from  the  three  precipitants  tested.  At  weak  acidity 
the  results  were  not  constant,  but  for  the  red  blood  cells  tri¬ 
chloroacetic  acid  gave  the  highest  nonprotein  nitrogen.  Cristol 
and  Nikolitch  {8)  were  also  able  to  confirm  the  findings  by  pre¬ 
vious  investigators  that  in  metaphosphoric  acid  filtrates  the 
nonprotein  nitrogen  is  the  smaller  the  higher  the  preliminary 
dilution  of  the  specimen,  and  that  these  filtrates  give  a  positive 
biuret  test,  indicative  of  “large  polypeptide  molecules”  (wording 
of  the  authors)  while  the  test  for  albumoses  and  peptones  by  the 
Tanret  reagent  is  negative.  These  polypeptides,  which  are  pre¬ 
cipitated  from  the  metaphosphoric  acid  filtrates  by  phosphotung- 
stic  acid,  are  believed  by  the  authors  not  to  be  present  in  the  blood 
in  free  form,  but  to  be  split  off  by  the  action  of  metaphosphoric 
acid  from  proteins  which  have  become  labile  under  certain  patho¬ 
logical  conditions.  The  authors  believe  that  this  increase  in 
nitrogen  in  metaphosphoric  acid  filtrates  may  prove  of  value  from 
a  clinical  point  of  view,  and  they  suggested  tor  such  a  condition 
the  term  “index  of  lability”. 

During  the  same  year,  Minich  {84)  conducted  a  comparative 
study  on  the  deproteinization  of  oxalated  horse  blood  by  various 
precipitants.  The  deproteinization  by  metaphosphoric  acid 
was  conducted  by  the  method  of  Folin  and  Denis  {13).  Minich 
obtained  the  following  average  figures  for  nonprotein  nitrogen  in 
the  filtrates: 

N,  Mg.  % 


Trichloroacetic  acid 
Phosphomolybdic  acid 
Uranyl  acetate 
Phosphotungstic  acid 
Metaphosphoric  acid 


31.03 

27.04 

21.85 

18.58 

33.25 


Metaphosphoric  acid  gave  the  highest  figures,  with  trichloro¬ 
acetic  acid  following.  These  results  were  comparable  to  the 
ones  obtained  by  the  same  author  on  human  blood. 

Two  years  later,  Mendel  and  Goldscheider  {83)  used  meta¬ 
phosphoric  acid  as  a  deproteinizing  agent  in  the  determination  of 
lactic  acid  in  blood.  To  1  cc.  of  the  latter  were  added  6  cc.  of 
water  and  1  cc.  of  glacial  phosphoric  acid  (5%). 

In  1928  Balarev  {2),  experimenting  with  the  precipitation  of 
equal  portions  of  albumin  by  various  metaphosphates  acidified 
with  acetic  acid,  determined  the  amount  of  residual  metaphos¬ 
phate  in  the  filtrates. 

Normality  of  Normality  of 

Metaphosphoric  Acid  Metaphosphoric  Acid 
Added  in  Filtrate 

1  1 

40  200 

1  1 

480  2400 

1  1 

2500  12,500 

JL _  i 

5600  28,000 


Trimetaphosphate  (Tamman's) 

Tetrametaphosphate  (Tamman’s) 

Metaphosphate  obtained  by 
heating  microcosmic  salt 

Metaphosphoric  acid  by  dis¬ 
solving  P2O6  in  water 
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In  1935  Fujita  and  Ivvatake  {15)  successfully  used  glacial  phos¬ 
phoric  acid  (5%  solution)  for  deproteinization  of  ground  organs 
in  the  determination  of  reduced  glutathione.  Trichloroacetic 
acid  was  found  unsuitable  for  this  purpose  because  of  the  pres¬ 
ence  of  ferric  iron  in  the  filtrates,  which  caused  an  error  by  lib¬ 
erating  iodine  from  potassium  iodide. 

VITAMINS,  PROTEINS  IN  AGRICULTURAL  PRODUCTS 

The  following  year  there  appeared  a  paper  by  Musulin  and 
King  {36)  on  the  use  of  metaphosphoric  acid  in  the  extraction 
and  titration  method  for  vitamin  C.  It  was  found  that  meta¬ 
phosphoric  acid  in  approximately  2%  concentration  serves  to 
protect  vitamin  C  in  solution  against  atmospheric  oxidation, 
even  in  the  presence  of  added  copper,  and  also  exerts  a  protec¬ 
tive  action  against  oxidation  in  the  presence  of  trichloroacetic 
acid.  The  rate  of  reaction  with  2,6-dichlorophenol  indophenol 
was  not  appreciably  affected  by  the  presence  of  metaphosphoric 
acid.  A  procedure,  including  the  presence  of  2%  metaphosphoric 
acid,  was  recommended  for  work  with  both  plant  and  animal 
tissues. 

The  same  year  Penau  and  Guilbert  {38)  recommended  the  use 
of  sodium  metaphosphate  plus  sulfuric  acid  for  deproteinization 
of  blood  serum  in  the  determination  of  the  activity  of  lipase  and 
esterase. 

In  1939,  Knight,  Dutcher,  and  Guerrant  {25)  successfully  used 
metaphosphoric  acid  in  the  determination  of  vitamin  C  in  milk. 
To  10  cc.  of  the  latter  were  added  10  cc.  of  a  10%  solution  of 
sodium  metaphosphate,  acidified  with  0.6  cc.  of  concentrated 
hydrochloric  acid,  with  immediate  and  complete  flocculation  of 
protein  at  a  pH  of  2.5  to  3.0.  The  vitamin  C  was  subsequently 
determined  in  the  filtrate. 

In  1939-40  several  U.  S.  patents  were  granted  to  Fortune  {14) 
on  a  blood  sugar  test,  urine  albumin  test,  and  a  test  for  amino- 
benzene  compounds  in  body  fluids,  where  the  deproteinization  is 
done  by  “sodium  hexametaphosphate”  at  a  pH  of  approximately 
4.5.  (While  the  designation  “sodium  hexametaphosphate” 
has  frequently  been  applied  to  the  sodium  phosphate  glass  com¬ 
mercially  available  under  the  name  of  Calgon,  this  product  ac¬ 
tually  has  a  molar  ratio  of  Na20  to  P2O5  of  slightly  greater  than 
1  to  1.) 

For  blood  sugar  determination  one  drop  of  blood  is  diluted 
with  about  10  cc.  of  water,  and  the  protein  removed  by  precipi¬ 
tating  capsules  consisting  of : 

“Sodium  hexametaphosphate”  1/4  grain 

Oxalic  acid,  anhydrous  1/4  grain 

Talc,  powdered  2  grains 

The  albumin  test  in  urine  requires  no  heating,  and  is  conducted 
on  4-cc.  portions  of  urine,  diluted  with  an  equal  volume  of  water, 
by  adding  a  tablet  consisting  of : 

"Sodium  hexametaphosphate’  50  mg. 

Glutamic  acid  hydrochloride  50  mg. 

Dextrin  2  mg. 

.  After  shaking,  the  cloudiness  is  directly  compared  with  a  tur¬ 
bidity  chart. 

In  the  test  for  aminobenzene  compounds  in  body  fluids  the 
following  protein-precipitating  and  diazotizing  agent  (in  cap¬ 
sules)  is  used : 


Sodium  nitrite  2  mg. 

“Sodium  hexametaphosphate”  50  mg. 

Glutamic  acid  hydrochloride  30  mg. 

Talc  120  mg. 


For  this  test  approximately  2  drops  of  blood  are  required, 
diluted  30  or  40  times  with  water. 

In  1939  Pftitzer  and  Roth  {41),  working  on  the  determination 
of  proteins  in  agricultural  products,  recommended  the  precipita¬ 
tion  of  proteins  by  means  of  sodium  metaphosphate  at  a  pH  of 
2.5. 

This  was  attained  by  means  of  hydrochloric  acid  and  a  citrate 
buffer  obtained  by  dissolving  21  grams  of  citric  acid  in  100  cc. 
of  2  A  sodium  hydroxide,  adding  89  cc.  of  2  A  hydrochloric  acid, 
and  diluting  with  water  to  1  liter  (pH  2.5).  An  excess  of  meta¬ 


phosphate  was  shown  to  cause  a  partial  redissolving  of  the  pre¬ 
cipitate  in  such  varied  products  as  barley  grain,  carrots  (fresh), 
and  gelatin.  The  addition  of  various  amino  acids,  as  well  as 
choline,  colamine,  and  urea,  did  not  affect  the  figures  of  the  pre¬ 
cipitated  protein.  The  determinations  were  conducted  on  0.4- 
gram  (dry  basis)  fresh  samples,  suspended  in  50  cc.  of  water  in  a 
70-  to  100-cc.  centrifuge  tube;  2  cc.  of  a  10%  solution  of  sodium 
metaphosphate  were  added,  followed  by  0.2  cc.  of  2  A  hydro¬ 
chloric  acid  and  10  cc.  of  citrate.  After  thorough  mixing,  cen¬ 
trifuging,  decanting  of  the  supernatant  liquid,  and  washing  with 
the  same  phosphate  mixture,  the  nitrogen  in  the  residue  is  de¬ 
termined  by  the  Kjeldahl  method. 

The  following  year,  Eidelman  {11)  demonstrated  that  tri¬ 
chloroacetic  acid  destroys  in  24  hours  at  room  temperature  60  to 
81%  of  synthetic  dehydroascorbic  acid,  and  40  to  56%  of  the 
latter  in  cabbage  juice,  while  on  addition  of  metaphosphoric  acid 
65  to  100%  of  dehydroascorbic  acid  can  be  recovered. 

In  1941  Kuether  and  Roe  {28)  used  glacial  phosphoric  acid  for 
the  deproteinization  of  blood  in  the  determination  of  ascorbic 
acid.  During  the  same  year,  Krautman  {27)  published  two 
papers  on  deproteinization  of  blood  and  cerebrospinal  fluid  by 
means  of  a  reagent,  consisting  mainly  of  dilute  glacial  phosphoric 
acid  and  tungstic  acid.  This  reagent  can  also  be  stored  in  dry 
form  and  diluted  before  use.  For  deproteinization  9  parts  of  this 
reagent  are  added  to  1  part  of  specimen.  The  filtrates  are  suit¬ 
able  for  the  determination  of  glucose,  nonprotein  nitrogen,  urea 
nitrogen,  and  uric  acid. 

The  1941  paper  by  Vonesch  and  Zimman  {49)  describes  a  photo¬ 
metric  method  for  the  determination  of  ascorbic  acid  in  blood, 
where  the  deproteinization  is  conducted  by  means  of  metaphos¬ 
phoric  acid,  followed  by  lead  acetate.  In  another  photometric 
method  by  Morell  {35)  for  the  determination  of  ascorbic  acid  in 
plant  materials,  25  grams  of  pulped  fresh  plant  tissues  are  mixed 
at  high  speed  with  100  cc.  of  a  3%  solution  of  metaphosphoric 
acid  for  about  2  minutes.  The  filtrate  is  buffered  to  pH  3.6,  and 
to  it  is  added  a  solution  of  2,6-dichlorophenol-indophenol  (con¬ 
taining  34.4  mg.  in  1  liter  of  water). 

'  In  1942  Loeffler  and  Ponting  {30)  used  dilute  metaphosphoric 
acid  in  fresh,  frozen,  and  dehydrated  fruits  and  vegetables  in  the 
determination  of  ascorbic  acid. 

A  year  later  Ponting  {44)  made  a  special  study  of  the  loss  of 
ascorbic  acid  in  13  acids,  and  came  to  the  conclusion  that  only 
oxalic  and  metaphosphoric  acids  were  suitable  for  extracting  as¬ 
corbic  acid  from  such  vegetable  materials  as  cabbage,  broccoli, 
lima  beans,  peas,  and  strawberries,  some  of  them  frozen,  using  a 
Waring  Blendor.  A  concentration  of  1%  for  metaphosphoric 
acid  was  found  to  be  satisfactory,  using  a  ratio  of  7  volumes  of 
this  dilute  acid  to  1  part  of  plant  material,  or  higher. 

In  1943  Horvath  {23)  treated  2-cc.  portions  of  citrated  beef 
plasma,  diluted  to  10  cc.,  with  0.1,  0.2,  and  0.3  cc.  of  a  10%  solu¬ 
tion  of  sodium  phosphate  glass  of  pH  6.5  (Calgon),  and  acidified 
by  hydrochloric  acid  (4%)  to  a  pH  of  3.8,  which,  as  well  as  lower 
pH  values,  was  found  to  be  suitable  for  the  precipitation  of  serum 
proteins.  Complete  deproteinization  was  observed  where  0.2- 
and  0.3-cc.  portions  of  the  phosphate  solutions  were  used.  De¬ 
proteinization  by  acid  phosphate  glass  (mole  ratio  Na20/P20s  = 
0.7152;  pH  of  a  1%  solution  =  2.2),  as  well  as  by  sodium 
trimetaphosphate  and  by  sodium  tripolyphosphate  at  a  pH  of  3.8 
was  also  reported.  Further  studies  were  made  on  the  solubility 
of  the  protein  phosphate  compound  in  neutral  salts  of  mono-, 
di-,  and  trivalent  metals,  as  well  as  in  urea.  The  1940  work  of 
Briggs  (4)  explains  the  solubility  of  protein  phosphate  in  neutral 
salts  by  its  having  many  characteristics  of  a  complex  coacervate. 
Briggs  found  the  titration  curve  of  the  protein-metaphosphate  to 
be  reversible,  and  confirmed  the  earlier  findings  of  Perlmann  and 
Herrmann  {40)  that  no  denaturation  of  the  protein  occurs  through 
the  action  of  metaphosphate. 

In  the  same  year  Doan  and  Josephson  {10),  while  studying 
the  ascorbic  acid  content  of  evaporated  milk,  found  that  in  milk 
heated  to  240°  F.  for  15  minutes  there  appear  reducing  substances 
which  react  with  the  indophenol  dye.  The  interfering  substances 
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rere  successfully  precipitated  with  the  proteins  by  treating  25 
il.  of  the  reconstituted  milk  with  26.7  ml.  of  coagulant  consist- 
]g  of  6%  trichloroacetic  acid  and  4%  metaphosphoric  acid  (the 
dditional  1.7  ml.  being  used  in  order  to  compensate  for  the  vol- 
me  of  the  curd).  The  coagulum  was  immediately  filtered  and 
0  ml.  of  the  serum  (equivalent  to  10  ml.  of  the  reconstituted 
lilk)  were  treated  with  the  indophenol  dye. 

In  1944  metaphosphoric  acid  was  recommended  by  the  As- 
ociation  of  Official  Agricultural  Chemists  (7)  as  a  deprcteinizing 
gent  for  the  determination  of  ascorbic  acid.  The  same  year 
Jawron  and  Berg  (17)  observed  that  ferrous  iron  reduces  di- 
hlorophenol-indophenol  in  the  presence  of  metaphosphoric  acid, 
hus  providing  a  basis  for  the  stepwise  determination  of  vitamin  C 
nd  ferrous  iron  in  the  same  aliquot. 

In  1945  Kramer  (26)  used  metaphosphoric  acid  in  the  deter- 
oination  of  ascorbic  acid  content  of  some  army  foods.  Fresh 
amples  were  covered  with  dilute  metaphosphoric  acid  (3%), 
aacerated  in  a  Waring  Blendor,  and  the  vitamin  C  determined 
iromptly  in  the  filtrates.  Vavich,  Stern,  and  Guerrant  (48), 
ising  a  similar  technique,  found  a  final  concentration  of  3%  meta- 
ihosphoric  acid  to  be  the  optimum  for  blending  unwashed  raw 
teas,  preserving  the  ascorbic  acid  in  the  presence  of  air  for  one 
tour,  presumably  by  inactivating  the  enzymes. 

In  the  same  year,  a  U.  S.  patent  was  granted  to  Gordon  (18) 
>n  the  recovery  of  protein  from  milk  whey  or  blood  serum,  where 
he  first  step  consists  in  precipitation  of  the  protein  by  means  of 
netaphosphoric  acid,  at  a  pH  range  of  3.5  to  1.8. 

Another  U.  S.  patent,  issued  to  Rushton  (45),  deals  with  a 
irocess  for  separating  protein  from  aqueous  industrial  waste  ma- 
erial  by  mixing  with  it  a  finely  divided  solid  calcium  metaphos- 
>hate  (300-mesh)  and  maintaining  the  mixture  in  a  slightly  acid 
ondition  (generally  in  the  order  of  pH  5),  and  digesting  the  mix- 
ure  for  .a  time  sufficient  to  precipitate  a  substantial  proportion 
if  the  protein  in  the  form  of  a  protein-phosphate  complex, 
vhich  is  said  to  contain  usually  about  5%  phosphorus  pentoxide 
md  16%  nitrogen.  The  patentee  claims  his  method  to  be  suit- 
ible  in  particular  for  the  removal  of  protein  from  milk  whey  in 
irder  to  recover  subsequently  milk  sugar  or  lactic  acid. 

In  1945,  Vavich,  Dutcher,  Guerrant,  and  Bechdel  (47)  used 
netaphosphoric  acid  in  their  study  of  the  utilization  and  excre- 
ion  of  ingested  ascorbic  acid  by  dairy  cows.  Their  technique 
vas  as  follows: 

Blood  Plasma.  Five  milliliters  of  plasma  and  10  ml.  of  10% 
netaphosphoric  acid  were  pipetted  into  a  centrifuge  tube  con- 
aining  5  ml.  of  distilled  water.  The  tube  was  centrifuged  in 
irder  to  facilitate  a  sharper  separation  of  the  precipitated  pro- 
eins,  and  aliquots  of  the  supernatant  metaphosphoric  acid  ex- 
ract  were  taken  for  ascorbic  acid  determinations. 

Milk.  An  aliquot  of  milk  was  pipetted  into  an  equal  volume 
if  10%  metaphosphoric  acid  solution.  After  shaking  to  break 
ip  aggregates  of  precipitated  protein  the  mixture  was  titrated 
lirectly  with  indophenol  dye  solution  to  a  pink  end  point  which 
persisted  for  30  seconds. 

Rumen  Fluid.  The  fluid  was  deproteinized  by  a  10%  solu- 
ion  of  metaphosphoric  acid,  and  the  ascorbic  acid  in  the  filtrate 
letermined  photoelectrically  by  a  variation  of  the  colorimetric 
nethod  in  which  the  unreacted  dye  was  extracted  with  xylene. 

The  application  of  the  indophenol-xylene  extraction  method 
o  the  determination  of  ascorbic  acid  in  tomatoes  and  tomato 
uice  was  studied  by  Nelson  and  Somers  (87),  and  preference  given 
.o  3%  metaphosphoric  dcid  as  compared  with  a  5%  sulfuric-2% 
netaphosphoric  acid  mixture  because  ascorbic  acid  is  more  stable 
n  3%  metaphosphoric  acid,  and  it  is  much  easier  to  obtain  per- 
ectly  clear  filtrates  using  metaphosphoric  acid  alone  than  the 
hcid  mixture. 

CONCLUSIONS 

It  is  evident  that  deproteinization  by  means  of  metaphosphoric 
icid  is  already  being  used  for  a  great  variety  of  purposes.  It 
seems  to  be  generally  accepted  as  the  most  reliable  deproteinizing 
agent  for  the  determination  of  ascorbic  acid  in  plant  and  animal 
materials  alike,  mainly  because  of  its  stabilizing  effect  on  the 


ascorbic  acid  and  noninterference  with  the  dichlorophenol-indo- 
phenol  color  reaction.  Metaphosphoric  acid  has  found  favor  in 
the  determination  of  lactose  in  milk.  It  is  also  of  value  for  de¬ 
proteinization  of  clinical  specimens,  since  it  permits  the  determi¬ 
nation  in  the  filtrates  of  most  of  the  constituents  of  interest  to  the 
clinician,  giving  reliable  yields  of  the  constituents  without  inter¬ 
fering  with  the  standard  colorimetric  procedures. 

The  field  of  application  of  metaphosphoric  acid  in  analytical 
chemistry  is,  however,  not  limited  to  deproteinization  purposes. 
It  can  be  used  with  equal  advantage  for  the  isolation  of  protein 
from  agricultural  and  other  products  and  the  subsequent  quan¬ 
titative  determination  of  the  isolated  protein.  The  analyst  will 
undoubtedly  find  many  new  applications  for  the  protein-precip¬ 
itating  property  of  metaphosphoric  acid,  and  develop  for  it  a 
number  of  new  techniques. 
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Application  of  Platinum  Resistance  Thermometry 
to  Some  Industrial  Physicochemical  Problems 

DANIEL  R.  STULL,  The  Dow  Chemical  Company,  Midland,  Mich. 


Platinum  resistance  thermometry  is  discussed  in  some  detail,  with 
mention  of  new  techniques  for  construction  of  these  thermometers 
and  their  convenient  size.  An  automatic  recorder  facilitates  the 
use  of  these  thermometers.  The  cryoscopic  method  of  determining 
the  purity  of  a  compound  using  platinum  resistance  thermometers 
is  presented,  together  with  the  assumptions  and  limitations  of  the 
method.  A  modified  ebulliometer  fitted  with  a  platinum  resistance 
thermometer  is  introduced.  A  new  type  of  boiling  range  apparatus 
incorporating  a  platinum  resistance  thermometer  is  presented  and 
compared  with  the  standard  A.S.T.M.  method.  The  increased 
accuracy  resulting  from  the  use  of  platinum  resistance  thermometers 
as  well  as  the  automatic  recording  feature  fits  these  three  applications 
well  for  industrial  use. 

THE  reasons  for  the  slight  use  of  platinum  resistance  thermom¬ 
eters  in  industrial  laboratories  may  be  reviewed  to  advan¬ 
tage.  Platinum  resistance  thermometers  have  been  on  the  market 
for  some  time,  but  their  high  cost,  calibration,  fragility,  size,  and 
accompanying  electrical  measuring  equipment  have  deterred 
many  from  using  them.  It  is  well,  however,  periodically  to  re¬ 
examine  one’s  research  tools  in  the  light  of  more  recent  advances. 
Since  the  international  temperature  scale  from  —190°  to  660°  C. 
is  defined  in  terms  of  a  platinum  resistance  thermometer  (3,  28), 
it  seems  appropriate  for  precision  measurements  of  such  physical 
quantities  as  freezing  point,  boiling  point,  boiling  range,  vapor 
pressure,  and  the  like  to  be  made  with  a  platinum  resistance  ther¬ 
mometer.  Recent  developments  in  equipment  design,  as  well  as 
demands  for  greater  accuracy,  have  brought  this  admirable 
method  of  precise  temperature  measurement  to  a  point  of  devel¬ 
opment  such  that  it  deserves  to  be  more  widely  applied. 


and  the  gold  lead  to  serve  as  a  thermal  darn  for  any  possible 
heat  being  conducted  along  the  gold  leads.) 

The  four  gold  leads  are  kept  insulated  by  mica  disks  5  mm.  in 
diameter  (spaced  by  a  short  length  of  glass  tubing)  with  four  equi¬ 
distant  holes  through  which  the  wires  pass.  The  coiled  helix, 
having  approximately  25  ohms’  resistance  at  0°  C.,  occupies  a 
space  about  5  mm.  in  diameter  by  20  mm.  long.  The  tempera¬ 
ture-sensitive  element  is  thus  concentrated  within  a  fairly  small 
space. 

The  whole  assembly  is  placed  in  a  Pyrex  tube  of  7-mm.  outside 
diameter.  The  upper  end  of  each  gold  lead  is  welded  to  a  1-cm. 
piece  of  0.020-inch  tungsten  wire  which  is  thermally  platinized  at 
each  end. 

Welding  gold  or  platinum  wires  is  facilitated  by  previously  “tin¬ 
ning”  the  tungsten  wire  with  platinum.  A  length  of  the  tungsten 
wire  is  supported  horizontally  in  a  vacuum  chamber  (bell  jar).. 
Strips  of  0.001-inch  platinum  foil  2  X  10  mm.  are  hung  on  the  wire 
in  the  position  where  the  tinning  is  desired.  The  bell  jar  is  put  in 
position,  the  air  pumped  out  to  a  pressure  of  1  micron  or  less,  and  an 
electric  current  sent  through  the  wire.  As  the  wire  glows  the  oxides 
of  tungsten  vaporize  and  the  platinum  melts  and  “wets”  the  tungsten 
wire  evenly  in  a  homogeneous  sleeve. 

To  the  opposite  end  of  the  tungsten  is  welded  a  short  piece  ol 
No.  28  B.  and  S.  platinum  wire,  and  the  tungsten  leads  are  sealed 
through  the  Pyrex  wall.  The  thermometer  is  then  heated  tc 
400°  C.  for  8  hours,  during  which  time  it  is  continuously  evacuated 
and  refilled  with  dry  air  every  half  hour.  After  sealing  off  the  gas 
filling  neck  (located  adjacent  to  the  tungsten  lead  seals  at  the 
upper  end)  with  about  0.75  atmosphere  of  dry  air  in  the  thermom¬ 
eter,  the  four-lead  copper  cable  is  soldered  to  the  platinum  leads 
and  the  protecting  head  or  handle  is  fastened  in  place  with  plastei 
of  Paris.  The  platinum  coil  is  then  annealed  by  connecting  il 
with  a  Variac  and  applying  55  volts  across  the  25-ohm  coil  for  4C 
seconds.  This  heats  the  platinum  to  redness  and  relieves  am 
strains  due  to  winding,  etc.,  to  ensure  permanence  of  calibration 
The  annealing  process  is  continued  as  follows : 


PLATINUM  RESISTANCE  THERMOMETRY 

In  1871,  Siemens  (18)  suggested  that  resistances  be  used  as  a 
means  of  measuring  temperature.  His  materials  of  construction 
were  faulty,  causing  many  to  discredit  resistance  thermometry. 
Some  years  later  the  monumental  work  of  Callendar  (4)  laid  the 
foundation  for  the  reliability  and  precision  of  platinum  thermom¬ 
etry  as  we  know  it  today.  In  the  50-odd  years  since,  some  of 
those  who  have  labored  to  perfect  the  platinum  resistance  ther¬ 
mometer  are  Sligh  (22),  Meyers  (12),  Mueller  (18,  14),  Keesom 
(9, 10),  and  Van  Dusen  (26). 

The  author  has  employed  the  methods  of  Meyers  (12)  for  mak¬ 
ing  resistance  thermometers. 

No.  38  B.  and  S.  wire  (approximately  0.1  mm.,  0.004  inch,  in 
diameter)  of  the  highest  purity  platinum  obtainable  is  wound  on 
an  iron  piano  wire  No.  00  (approxi¬ 
mately  0.2  mm.,  0.008  inch,  in  di¬ 
ameter)  ,  so  that  between  turns  there  is 
a  free  space  equal  to  the  diameter  of 
the  platinum  wire.  The  iron  wire  is 
then  dissolved  out  by  hydrochloric 
acid,  leaving  a  helix  approximately  0.4 
mm.  (0.016  inch)  in  diameter.  This 
platinum  helix  is  wound  on  a  notched 
mica  framework  in  the  form  of  a  cross 
(see  illustration  in  Meyers’  paper). 

Two  leads  of  pure  gold  wire  size  32  B. 
and  S.  (approximately  0.2  mm.,  0.008 
inch,  in  diameter)  are  welded  to  each 
end  of  the  coiled  platinum  helix  with 
a  small  oxy-gas  flame  and  threaded 
through  the  mica.  (Where  the  ther¬ 
mometer  is  to  be  read  to  0.01  °  C.  thus 
procedure  is  permissible,  but  if  read 
to  0.001°  a  short  piece  of  platinum  Figure  1.  Comparison 
wire  is  interposed  between  the  helix 


50  volts  for  2  minutes 
45  volts  for  6  minutes 
40  volts  for  10  minutes 
35  volts  for  20  minutes 
30  volts  for  30  minutes 

Figure  1  shows  the  size  of  the  finished  thermometers,  which  ir 
dimensions  and  utility  compares  very  favorably  with  the  usua 
mercury  thermometer.  It  is  convenient  to  construct  the  ther 
mometer  with  a  ground-glass  joint  for  insertion  into  various  piece: 
of  apparatus. 

Platinum  metal  is  admirably  suited  to  serve  as  the  resistor  ma 
terial,  because  of  the  very  regular  and  reproducible  relation  exist 
ing  between  the  resistance  and  temperature. 

This  relation  has  often  been  fitted  with  a  parabolic  equation  o 
the  form 

Rt  =  R0  (1  +  At  +  Bt2)  (1 


of  Platinum  Resistance  Thermometers  with  Conventional  Mercury 
Thermometers 
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here  Rt  is  the  resistance  at  temperature  t,  R»  is  the  resistance  at 
“  C.,  and  A  and  B  are  constants.  To  avoid  solving  Equation  1, 
is  sometimes  put  in  the  form 

1  =  (fl.oo  -  k)  100  +  5  (100  -  1)  loo  (2) 

here  Rt,  Ro,  and  Rm  are  the  measured  resistances  at  t°,  0°,  and 
30°,  respectively,  and  S  is  a  constant  obtained  by  measuring  the 
distance  at  some  other  fixed  temperature,  usually  the  sulfur 
oiling  point.  Equation  2  will  reproduce  the  temperature-resist- 
ace  relationship  with  sufficient  accuracy  from  —40°  to  660°  C., 
ut  at  low  temperatures  does  not  reproduce  the  thermodynamic 
■mperature  scale  with  sufficient  accuracy,  so  in  1925  Van  Dusen 
26)  proposed  the  formula 

=  (rL  -%,)  100  +  6  (ilo  “  l)  loo  +  p  (loo  “  0 loo-3  (3) 

'here  /3  is  another  empirical  constant  obtained  by  measuring  the 
distance  at  a  fixed  low  temperature,  usually  the  boiling  point  of 
f  oxygen.  The  form  of  these  equations  can  be  appreciated  best 
y  a  worker  in  this  field.  After  constants  5  and  /3  are  computed, 
ae  resistance  of  each  thermometer  is  calculated  for  each  10 0  in- 
irval  (see  Table  I). 


Table  I.  Platinum  Resistance  Thermometer,  NBS  690 


(Ro 

=  25.540S2. 

Rioo  =  35.56012. 

S  = 

1.49s.  &  =  0.1 10s) 

T°C. 

RSI 

A  RSI 

T°  C. 

RS2 

ARS2 

0 

25 . 540 

0 

25.540 

1.018 

1.016 

10 

24 . 522 

10 

26 . 556 

1.022  . 

1.012 

20 

23 . 500 

20 

27 . 568 

1.025 

1  009 

30 

22.475 

30 

28.577 

1.028 

1.007 

40 

21.447 

40 

29 . 584 

1.031 

1.003 

50 

20.416 

50 

30 . 587 

1.036 

1.001 

60 

19 . 380 

60 

31.588 

1.039 

0.997 

70 

18.341 

70 

32 . 585 

1.043 

0.995 

80 

17.298 

80 

33 . 580 

1.048 

0.992 

90 

16.250 

90 

34.572 

1.052 

0.988 

100 

15.198 

100 

35 . 560 

Inspection  of  Table  I  will  disclose  the  fact  that  A R£i  for  each 
10°  interval  is  substantially  1  ohm,  and  that  it  changes  slowly 
enough  so  that  linear  extrapolation  of  each  10°  interval  is  permis- 


igure  2  (Below).  Freezing 
oint  Apparatus 


22  Ohms  Curve  Drawing  Pen 

Pen  Indicating  Position  of  Double  Decade 

RESISTANCE  IN  OHMS 


Figure  3.  Automatic  Recorder-Drawn  Freezing  Curve  of  Monomeric  Styrene 

Became  of  the  necessary  reduction  of  recorder-drawn  figures,  the  original  pen  traces  have  been  retouched  to  make 
them  broader 


I  I  I  I  I 
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Figure  4.  Superimposed  Freezing  Curves  of  Styrene  Diluted  with  Ethylbenzene 


the  true  freezing  point  is  known,  if  th; 
time-temperature  curve  is  observei 
during  the  freezing  process  the  tru 
freezing  point  can  be  calculated  ant 
the  method  is  more  cogent.  It  is  true 
however,  that  the  method  rests  o: 
certain  assumptions,  and  the  result 
are  proportional  to  the  degree  to  whie 
the  assumptions  are  fulfilled. 

As  outlined  originally  by  White  (2b\ 
*and  more  recently  by  Mair,  Glasgow 
and  Rossini  (11),  the  estimation  of  th 
amount  of  solid-insoluble,  liquic 
soluble  impurity  from  a  time-tempers 
ture  freezing  curve  involves  the  follow 
ing  assumptions : 


1.  The  impurity  remains  entirel 
in  the  liquid  phase  during  the  time  ths 
the  temperature  lowering  is  being  d< 
termined. 

2.  The  rate  of  crystallization  re 
mains  constant. 

3.  Complete  thermal  equilibriui 
exists  between  the  solid  and  liqui 
phases. 

4.  That  an  ideal  solution  is  forme ; 
between  the  liquid  phase  and  the  solic  I 
insoluble,  liquid-soluble  impurity,  or,  ■ 
this  system  forms  a  nonideal  solutioi 
that  it  is  of  sufficient  dilution  that 
may  be  treated  as  ideal. 


sible  when  only  0.01°  C.  accuracy  is  sought.  This  greatly  facili¬ 
tates  the  calculation  of  measured  values  of  R  to  the  corresponding 
temperature. 

Since  1  ohm  is  equivalent  to  10°,  it  is  necessary  to  measure  the 
electrical  resistance  of  the  platinum  coil  to  within  0.001  ohm  in  or¬ 
der  to  calculate  the  temperature  to  0.01  °  C.  Resistance  measure¬ 
ments  of  this  order  of  magnitude  have  long  been  adequately  made 
with  hand-operated  bridges  (13),  but  are  somewhat  tiresome  and 
time-consuming.  To  eliminate  this  toil,  a  completely  automatic 
resistance  recorder  has  been  developed  in  this  laboratory. 


Thus  the  method  gets  progressive!, 
less  effective  as  the  concentration  of  the  impurities  increases,  bi , 
what  is  very  important,  the  higher  the  purity,  the  more  coni 
pletely  are  the  assumptions  satisfied.  Usually  the  method 
open  to  serious  question  if  the  sample  is  less  than  90%  pur  j 
At  95%  the  method  is  fairly  reliable,  but  from  98%  on  up  tlj 
results  become  progressively  more  excellent,  depending,  of  cours.j 
on  the  accuracy  to  which  the  resistance  is  determined. 

It  is  paramount  that  the  sample  freeze  to  a  crystalline  soli'  j 
Glass  formation  is  sometimes  encountered,  rendering  the  cry'  i 
scopic  purity  determination  impossible.  Various  techniques  hat 


It  consists  essentially  of  a  25-cm. 
(10-inch),  constant-speed,  strip  chart 
recorder  with  a  full-scale  range  of 
exactly  1.000  ohm,  but  with  the  ability 
to  shift  this  range  automatically  any¬ 
where  from  0  to  100  ohms  as  the  oc¬ 
casion  demands.  A  second  pen  simul¬ 
taneously  records  the  range  in  which 
the  instrument  is  operating.  One  can 
read  the  chart  to  within  about  0.01  inch, 
corresponding  with  a  practical  limit  of 
±0.01°  C.  in  the  precision  of  the  in¬ 
strument.  A  more  complete  descrip¬ 
tion  of  this  machine  has  appeared 
elsewhere  (24). 

As  the  remainder  of  this  article 
demonstrates,  the  perfection  and  con¬ 
struction  of  an  automatic  recorder  for 
a  platinum  resistance  thermometer 
should  considerably  increase  the  useful¬ 
ness  and  scope  of  that  instrument  in 
precision  thermometry. 

CRYOSCOPIC  DETERMINATION  OF  PURITY 

A  number  of  workers  (1,  8,  11,  17, 
19,  20,  21,  23,  29)  have  pointed  out 
the  fact  that,  while  the  initial  freez¬ 
ing  point  of  a  compound  may  be  em¬ 
ployed  to  calculate  its  purity  when 
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Figure  5.  Automatic  Recorder-Drawn  Freezing  Curve  of  Para-Chlorostyrene 
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Figure  6.  Automatic  Recorder-Drawn  Freezing  Curve  of  Chlorobenzene 
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fact  that  the  temperature  of  the  re¬ 
frigerant  is  always  maintained  essen¬ 
tially  constant,  the  cooling  rate  is  con¬ 
stant,  thus  satisfying  the  requirements 
of  assumption  2.  Several  sample  con¬ 
tainers  are  available  with  different  de¬ 
grees  of  evacuation,  permitting  proper 
choice  of  container,  so  that  near  the 
freezing  point  the  cooling  rate  will  be 
in  the  range  0.8°  to  1.0°  C.  per  minute. 
Figure  3  is  a  time-temperature  cooling 
curve  of  monomeric  styrene  automati¬ 
cally  recorded  by  the  machine  referred 
to  above. 

The  usual  method  of  plotting  time- 
temperature  curves  is  to  plot  tempera¬ 
ture  as  the  ordinate  increasing  upward 
and  time  as  abscissa  increasing  toward 
the  right.  The  type  of  automatic 
recorder  developed  for  this  purpose 
makes  use  of  a  strip-chart  machine 
which  plots  time  increasing  upward  on 
the  chart  as  the  ordinate,  with  abscissa 
recording  the  resistance  increasing 


en  used  to  induce  crystallization, 
tong  which  may  be  mentioned 
iding  (provided  some  seed  is  avail- 
le),  vigorous  stirring,  scratching  the 
rer  wall  of  the  sample  tube,  plung- 
;  into  the  liquid  a  wire  chilled 
th  liquid  nitrogen,  and  the  presence 
an  inert  crystal  of  the  same  lattice 
nensions. 

A  number  of  different  cryoscopic 
•hniques  have  been  devised  and 
blished  (1,  8,  11,  17,  19,  20,  21, 

,  29);  this  list  does  not  pretend 
be  complete.  Each  has  some  special 
srit  which  best  fits  it  to  do  some 
rticular  job.  The  procedure  de- 
ribed  here  has  been  devised  to 
general  laboratory  usage,  and 
s  been  in  use  now  for  some  4 
ars. 

Fifteen  milliliters  of  sample  are 
troduced  into  a  test  tube  having 
unsilvered  vacuum  jacket  around 
lower  portion  (see  Figure  2).  Some 
equate  means  of  stirring  the  sample 
a  rate  of  40  to  80  strokes  per  minute 
provided,  such  as  a  solenoid  or  a 
nverted  windshield  wiper  reciprocat- 
l  stirrer. 

The  test  tube  is  fitted  with  a  rub- 
r  stopper  which  serves  to  support 
e  test  tube  in  a  wide-mouthed 
ermos  bottle  containing  the  re- 
gerant.  Crushed  dry  ice  in  a  mix- 
re  of  half  and  half  chloroform  and 
rbon  tetrachloride  (this  mixture  is 
■nflammable)  or  liquid  nitrogen  is 
e  refrigerant  used,  depending  upon 
e  degree  of  cooling  required.  Sup- 
Tted  by  a  cork  stopper  at  the  top  of 
ie  sample  tube  is  the  resistance 
ermometer. 

Because  of  the  poor  heat  transfer 
rough  the  vacuum  jacket,  and  the 


Figure  7.  Automatic  Recorder-Drawn  Freezing  Curve  of  Naphthalene 
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Figure  8.  Automatic  Recorder-Drawn  Melting  Curve  of  Naphthalene 


toward  the  right.  The  recorder  has  proved  so  useful  that  the 
users  early  learned  to  make  the  necessary  mental  geometric  trans¬ 
lation,  and  now  find  it  just  as  convenient  to  work  with  as  the  older 
system.  • 


The  temperature  of  the  sample  decreases  from  A  to  B,  then  the 
range  shifts,  and  the  temperature  of  the  sample  decreases  from  C 
to  E.  At  point  E,  crystallization  is  initiated  and  the  temperature 
of  the  sample  (which  is  supercooled  at  E)  rises  to  F  where  the 
solid  and  liquid  phases  are  in  thermal  equilibrium.  The  temper¬ 
ature  follows  from  G  to  H  (as  the  sample  crystallizes)  where  the 
range  again  shifts  and  the  sample  continues  to  cool  in  the  solid 
State  from  I  to  J.  Sometime  during  the  stirring,  the  stirrer 
freezes  fast  (the  magnetic  impulse  is  not  strong  enough  to  cause 
any  damage,  or  if  the  windshield  wiper  is  used,  a  flexible  link  is 
included)  but  this  causes  no  trouble. 

In  working  up  the  data,  a  line  of  constant  temperature,  F,  is 
drawn  from  F .to  K,  and  JI  is  extrapolated  back  to  K.  Now  the 
sample  is  all  liquid  at  D  and  if  it  were  100%  pure,  it  would  have 
been  completely  frozen  in  the  ideal  case  at  K.  Then  the  sample 
must  have  been  half  frozen  at  G,  the  midpoint  between  D  and  K. 
If  the  impurities  concentrate  in  the  mother  liquor  in  accordance 
with  assumption  1,  when  the  sample  is  half  frozen  the  impurities 
are  twice  their  original  concentration,  and  the  difference  in  tem¬ 
perature  AT  between  F  and  G  is  due  to  this  doubling  of  the  im¬ 
purity  concentration.  Then  pure  100%  material  would  freeze  at 
a  temperature  AT  higher  than  the  temperature  F,  and  thus  we 
have  a  method  of  determining  the  freezing  point  of  the  pure  ma¬ 
terial  from  a  sample  containing  impurities. 

To  a  first  approximation  (neglecting  higher  terms  whose  maxi¬ 


mum  contribution  is  2%  or  less),  the  purity  of  the  sample  is  k 
lated  to  AT  by  the  following  relationship: 

X  =  A  AT  (4 

where 

X  =  mole  fraction  of  impurity 

AH 

A  =  cryoscopic  constant  = 

AH;  =  molar  latent  heat  of  fusion  of  material  in  calories 
T;  =  absolute  temperature  of  freezing  point 
R  —  gas  constant  per  mole  =  1.987  calories 

In  the  case  of  Figure  3  AT  =  0.02°  C.  (hardly  observable  i 
the  reduced  chart)  and  the  initial  freezing  point  of  100.00%  pur 
monomeric  styrene  should  be  —30.63°  C.  Also  since  AT  = 
0.02°  ±  0.01°  C.,  our  sample  contains  0.05  =*=  0.02  mole  %  inc 
purity  and  thus  has  a  purity  of  99.95  ±  0.02  mole  %. 

Figure  4  shows  what  happens  to  the  freezing  curve  as  mono 
meric  styrene  is  diluted  with  small  amounts  of  ethylbenzen* 
The  initial  freezing  temperature  drops,  but  even  more  sensitive  i 
the  length  of  the  plateau  or  straight  portion  of  the  coolin 
curve. 
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Vacuum  Tube  Relay 


Figure  1 0.  Contacting 
Barometer 


Figure  5  shows  the  freezing  curve  of  a  sample  of  p-chlorostyrene 
rhich  turned  out  to  be  about  85  mole  %  pure.  In  the  light  of 
figure  4,  an  experienced  operator  can  tell  at  once  the  approxi- 
aate  purity  by  looking  at  the  shape  of  the  curve  and  the  plateau, 
■'he  nearest  freezing  curve  to  ideality  that  has  been  encountered 
3  shown  in  Figure  6,  and  probably  represents  some  of  the  purest 
hlorobenzene  that  has  been  prepared.  Figure  7  shows  a  freezing 
urve  of  naphthalene,  and  is  given  here  in  order  to  compare  it 
rith  the  melting  curve  shown  in  Figure  8. 

Because  the  thermal  conductivity  of  organic  solids  is  much 
ess  than  the  liquid,  the  melting  curve  does  not  present  as  good 
onditions  for  realizing  thermal  equilibrium  of  the  melt.  Hence, 
vhile  the  melting  point  can  be  determined  accurately  and  checks 
he  initial  freezing  point  very  well,  measurements  of  A T  at  a  half 
nelted  point  are  often  in  error.  Nevertheless,  occasions  arise,  as, 
or  example,  when  the  sample  has  supercooled  some  20°  or  30° 
)efore  crystallization  starts,  and  so  much  heat  has  been  lost  that 
he  sample  never  reaches  a  thermal  equilibrium  between  solid 
ind  liquid  state,  when  the  initial  freezing  point  is  known  to  be  in 
irror.  It  is  then  a  very  convenient  thing  to  let  the  recorder  draw 
he  melting  curve  (it  is  necessary  to  melt  the  sample  to  retrieve  the 


resistance  thermometer)  and  thus  gain  more  information  about 
the  sample. 

Referring  to  Figure  8,  as  the  sample  melts,  it  attains  a  thermal 
melting  equilibrium  indicated  by  the  dotted  line,  AB.  The  solid 
state  line  is  extrapolated  at  CA  and  the  liquid  state  at  DB.  Point 
B  is  the  melting  point  of  the  compound  which  can  be  compared 
with  the  freezing  point  obtained  in  Figure  7  (actually  this  material 
was  melted  in  a  small  furnace  as  shown  in  Figure  8,  then  cooled 
and  the  freezing  curve  in  Figure  7  obtained).  This  sample  of 
naphthalene  was  about  99.95  mole  %  pure. 

Over  the  last  4  years,  some  125  different  organic  compounds 
have  been  frozen  in  this  laboratory.  Frequently  in  the  case  of 
isomeric  mixtures,  the  freezing  point  has  been  one  of  the  most  reli¬ 
able  analytical  tools  available.  The  list  includes  plastic  mono¬ 
mers,  hydrocarbons,  alcohols,  amines,  halogenated  hydrocarbons, 
sulfur  compounds,  acids,  aldehydes,  ketones,  esters,  etc.,  and  the 
freezing  temperatures  range  from  — 160°  to  +200°  C.  This 
work  has  served  to  stress  the  paucity  of  heat  of  fusion  data 
needed  to  calculate  the  cryoscopic  constant. 

EBULLIOMETRy  OF  LIQUIDS 

The  problem  of  accurately  measuring  the  temperature  of  a 
liquid  boiling  under  precisely  known  pressures  has  received  con- 
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Figure  12. 


Automatic  Recorder-Drawn  Boiling  Point  of  Ethylene  Glycol  under  Various 

Pressures 


cycled.  To  prevent  heat  loss,  the  boili 
is  mounted  inside  a  thermos  bottl 
Rapidity  of  recycle  prevents  supe 
heating,  and  the  temperature  recorde 


by  the  resistance  thermometer  soc 


siderable  attention  (5,  6,  7,  16,  25,  27,  30,  31).  Over  the  last  few 
years  a  boiling  point  apparatus  which  combines  accuracy  and 
convenience  has  been  developed  in  this  laboratory.  It  consists  of 
a  boiler  and  condenser,  a  special  barometer  for  measuring  the 
pressure,  and  auxiliary  pressure  control  apparatus. 

Figure  9  is  a  diagram  of  the  boiler,  which  consists  of  a  small  res¬ 
ervoir  with  a  re-entrant  well  in  the  bottom.  The  re-entrant  well 
contains  an  electric  cartridge-type  heater  (Chromolox  C201),  and 
has  powdered  Pyrex  fused  to  its  inner  wall  to  promote  smooth 
boiling.  The  liquid  boils  and  the  vapor  pushes  hot  liquid  before 
it  up  the  Cottrell  pump  where  together  they  spew  out  on  the 
platinum  resistance  thermometer.  The  vapor  is  condensed  and 
the  liuqid  returns  to  the  bottom  of  the  reservoir  where  it  is  re¬ 


comes  to  a  thermal  equilibrium  (sf  ■ 
Figure  12). 

The  pressures  in  this  apparatus  ai 
measured  by  a  contacting  baromete 
Rossini  and  co-workers  (31)  seale 
tungsten  wires  into  the  permanei 
vacuum  side  of  their  barometer,  ar 
arranged  it  to  control  the  pressure  c 
the  system.  With  this  scheme,  tl 
authors  have  found  some  slight  g; 
leakage  over  a  period  of  several  montl 
around  the  tungsten  wires.  A  ne 
model  built  with  the  contacts  on  tl 
open  side  of  the  barometer  seems  f  i 
work  much  better. 

Figure  10  shows  a  diagram  of  tl  ' 
contacting  barometer,  which  is  mac 
of  10-mm.  Pyrex  tubing  with  20-n 
tungsten  wire  sealed  into  the  ope 
arm.  By  means  of  a  set  of  bindir 
posts  a  plug  can  easily  connect  any  < 
the  contact  points  with  a  vacuum  tul 
relay.  The  armature  of  the  relay  is  fitted  with  a  rubber  pad  whic 
can  cover  or  uncover  a  small  hole  whose  free  opening  is  adjus 
able  by  a  small  needle  valve,  H  (Figure  11). 

Figure  11  shows  the  pressure  control  apparatus.  When  it 
plugged  into  a  pressure  less  than  atmospheric,  the  vacuum  pum] 
G,  continually  exhausts  the  system  at  a  rate  governed  by  1 
When  the  mercury  rises  to  the  appropriate  tungsten  contai 
point  in  the  contacting  barometer,  D,  the  air  leak,  H,  opens  an 
admits  air  until  the  mercury  falls  below  the  contact,  thus  shuttle 
off  the  air  leak.  By  careful  adjustment  of  valves  F  and  H  tl 
mercury  column  (and  indirectly  the  pressure)  can  be  controlle 
to  about  ±0.1  mm.  on  either  side  of  the  contact  point.  The; 
fluctuations  in  pressure  are  smoothed  out  by  a  5-gallon  surf 
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nk,  C,  between  barostat  D  and 
iler  A,  so  that  the  pressure  fluctua- 
>n  on  the  boiler  (as  determined  by 
independent  method)  is  about  ±  0.02 
m.  B  is  a  dry  ice  trap  to  prevent 
pors  from  the  sample  from  invading 
e  rest  of  the  system.  When  plugged 
to  a  pressure  greater  than  atmos- 
teric,  compressed  air  is  fed  in  at  E, 
d  F  is  closed.  The  operation  is  the 
me,  except  that  the  normal  position 
the  vacuum  tube  relay  is  now  re- 
rsed,  because  the  air  leaks  out  in- 
sad  of  in.  By  placing  pure  distilled 
iter  in  the  boiler  and  measuring  the 
riling  point  of  the  water  with  a 
atinum  resistance  *thermometer  for 
,ch  contact  point,  the  pressure  value 
each  contact  point  was  interpolated 
om  the  accurate  water  vapor  pressure 
ita  of  Osborne  and  Meyers  (15). 

This  scheme  eliminates  considera- 
ins  of  pressure  drop  between  the 
rints  where  the  temperature  and 
•essure  are  measured.  Because  the 
trometer  also  acts  like  a  thermom- 
er  it  must  always  be  corrected  to 
C. 

Thus  by  adjustment  of  the  appa- 
tus,  the  boiling  point  at  some  14 
•essure  points  (see  Figure  12)  can  be 
easured  to  ±0.02  mm.  of  mercury, 
lamination  of  Figure  12  will  disclose 
e  fact  that  at  lower  pressures  (plugs 
)  and  12)  there  is  difficulty  in  es- 
blishing  a  steady  temperature  equilib- 
am.  This  difficulty  is  encountered 
merally  in  any  dynamic  boiling  point 
ethod. 


BOILING  RANGE  OF  A  LIQUID 

Much  time  is  spent  in  determining 
le  boiling  range  of  a  particular  liquid 
i  order  to  get  some  idea  of  its  purity, 
tandard  prescribed  methods  for  ac- 
implishing  this  have  been  in  use  for 
number  of  years  (2).  It  would  seem 
lat  this  is  an  instance  in  which  an 
atomatic  recording  resistance  ther- 
lometer  could  serve  to  advantage. 

Figure  13  gives  a  diagrammatic  sketch  of  an  apparatus  de- 
gned  to  be  used  to  determine  the  boiling  range  of  a  liquid. 

Fifty  milliliters  of  liquid  are  placed  in  the  central  chamber,  and 
le  Cottrell  pumping  tube  is  inserted  and  held  in  place  by  the 
distance  thermometer.  The  liquid  is  boiled  by  means  of  a 
eater,  which  is  a  flat  pancake-type  coil  of  Nichrome  ribbon  on 
ie  upper  end  of  an  asbestos  plug,  and  which  is  inserted  in  the 
lOttom  heater  well.  The  whole  apparatus  is  surrounded  by  a 
Dnventional  vacuum  jacket.  Once  the  heat  is  turned  on,  it  is 
ept  at  a  constant  value,  so  that  the  boiling  rate  will  always  be 
enstant  and  comparable.  The  trough  at  the  top  of  the  inner 
hamber  prevents  vapor  from  condensing  and  running  back,  once 


Figure  14.  Automatic  Recorder-Drawn  Boiling  Range  of  Unrefined  Benzene 


A  .5 

RESISTANCE 


Figure  15.  Automatic  Recorder-Drawn  Boiling  Range  of  A.C.S.  Reagent  Grade  Benzene 


Figure  16.  Comparison  of  This  Boiling 
Range  Method  with  the  Standard  A.S.T.M. 
Boiling  Range  Method 
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Figure  17.  Automatic  Recorder-Drawn 
Boiling  Range  of  Vinyl  Chloride 

■< - - - - 
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boiling  has  started.  The  vapors  are  condensed  and  recovered  in 
a  graduated  cylinder.  Once  boiling  starts,  liquid  and  vapor  are 
pumped  over  the  resistance  thermometer  which  is  thus  in  thermal 
equilibrium  with  each  component. 

Figure  14  shows  the  time-resistance  record  of  the  boiling  range 
of  a  sample  of  unrefined  benzene,  while  Figure  15  shows  the  au¬ 
tomatically  traced  time-resistance  record  of  the  boiling  range  of 
a  sample  of  A.C.S.  reagent  grade  benzene.  In  Figures  14  and  15 
the  distillate  was  caught  in  a  graduated  cylinder  and  the  record 
kept  on  the  chart.  Both  samples  were  also  run  according  to  the 
standard  A.S.T.M.  procedure  ( 2 )  and  Figure  16  shows  the  data 
replotted  for  comparison  (the  milliliter  values  for  the  50-ml.  sam¬ 
ples  were  doubled). 

Obviously  the  recording  thermometer  working  every  second 
can  detect  temperature  changes  more  quickly  than  an  operator. 
This  is  an  important  factor,  particularly  on  the  ends  of  the  curves. 
Because  the  rate  of  heat  input  is  constant,  it  is  not  necessary  to 
observe  each  unit  of  5  or  10  ml.  of  distillate  as  it  comes  over,  but 
^the  recorder  chart  can  be  divided  into  10  or  20  equal  parts  with  a 
ruler  as  shown  in  Figure  17  and  the  temperatures  read  off  at  once. 
Figure  17  is  a  record  of  the  boiling  range  of  vinyl  chloride.  The 
temperatures  marked  on  the  chart  indicate  the  narrow  boiling 
range  of  this  material.  This  apparatus  embodies  a  rapid  control 
method  to  determine  the  purity  of  this  product.  By  making  the 
boding  range  determination  automatic  in  so  far  as  possible,  the 
operator  can  measure  more  boiling  ranges  in  the  same  time  with 
little  or  no  extra  effort. 
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Volumetric  Quantitative  Determination  of  — SOONa  Group 

in  Sodium  Benzene  Sulfinate 

LEO  ACKERMAN,  Analytical  Section,  Process  Development  Department,  General  Aniline  &  Film  Corporation,  Grasselli,  N.  J. 


rHE  quantitative  precipitation  of  aryl  sulfinic  acids  as  ferric 
salts,  reported  in  1909  by  Thomas  (3),  has  been  employed  in 
,  variety  of  procedures  as  the  principal  reaction  in  the  quantita- 
ive  determination  of  the  sulfinic  acids.  Thomas  mentioned  the 
ormation  of  sulfonyl  chlorides,  by  reaction  with  sodium  hypo- 
hlorite  in  sodium  carbonate  solution,  but  apparently  made  no 
,t tempt  to  use  this  reaction  as  a  quantitative  tool. 

Krishna  and  Singh  (3)  reported  using  the  ferric  salt  reaction, 
mploying  a  solution  of  ferric  chloride  of  predetermined  concen- 
ration,  filtering  off  the  ferric  salt,  and  determining  the  excess  of 
erric  chloride.  Until  recently,  Thomas’  ferric  salt  reaction  in 
rery  concentrated  solution  has  been  employed  in  this  laboratory, 
or  want  of  a  better  method. 

The  approximate  equivalent  of  2.5  grams  of  sodium  benzene 
ulfinate  is  dissolved  in  25  ml.  of  distilled  water,  and  made  acid 
o  Congo  red  by  dropwise  addition  of  concentrated  hydrochloric 
icid.  Fifteen  milliliters  of  15%  ferric  chloride  solution  are  added 
ind  the  resultant  slurry  is  swirled  for  several  minutes  until  the 
>recipitate  turns  light  yellow'.  The  precipitate  is  filtered  and 
vashed  6  times  with  5  ml.  of  water,  and  3  times  with  5  ml.  of 
nethanol,  care  being  taken  to  fill  in  the  cracks  which  form  on  the 
ilter.  The  precipitate  is  then  removed  to  a  large  crucible  (5 
■m.)  and  carefully  ignited  to  Fe203. 

There  are  disadvantages  in  using  this  procedure.  The  ferric 
ialt  is  soluble  in  excess  ferric  chloride.  The  precipitate  is  so 
voluminous  that  it  is  very  difficult  and  time-consuming  to  wash 
t  free  of  salts,  and  the  mass  on  the  filter  nearly  always  cracks. 
Sodium  sulfite,  knowrn  to  be  present  in  commercial  sodium  ben- 
iene  sulfinate,  interferes  with  the  accuracy  of  the  method. 
Comparative  runs  on  equal  samples  have  also  shown  that  the 
.veight  of  precipitate  becomes  less  as  the  initial  concentration  of 
sodium  benzene  sulfinate  is  reduced. 

These  objections  also  apply  to  the  Krishna  and  Singh  method 
n  its  application  to  commercial  production. 

Krishna  and  Das  (1 )  report  a  complex  gas  volumetric  analysis 
involving  the  liberation  of  iodine  from  a  mixture  of  potassium 
iodide  and  potassium  iodate,  and  utilization  of  the  free  iodine  to 
liberate  oxygen  from  hydrogen  peroxide.  The  success  of  this 
method,  by  admission  of  the  authors,  depends  on  the  high  purity 
of  the  reagents  and  also  on  an  approximate  adjustment  of  the 
proportions  in  which  they  are  used.  These  prerequisites,  in  ad¬ 
dition  to  the  complexity  of  the  procedure,  seem  to  disqualify 
it  as  a  simple  method. 

Thomas’  reaction  of  sodium  benzene  sulfinate  with  sodium 
hypochlorite  was  investigated  and  found  to  give  accurate  and 
reproducible  results.  When  sodium  benzene  sulfinate  with  only 
slight  excess  of  sodium  carbonate  was  treated  with  concentrated 
(12%)  sodium  hypochlorite,  a  small  yield  of  sulfonyl  chloride  was 
obtained.  However,  under  the  conditions  employed  in  the 
method  described  below,  the  reaction  is  probably 

C6H6S02Na  +  NaOCl  — >-  C6H5S03Na  +  NaCl 
Even  if  some  sulfonyl  chloride  is  formed,  the  equation 

C6H5S02Na  +  NaOCl  +  H20  — >-  C6H6S02C1  +  2NaOH 
still  gives  the  same  molecular  proportions  to  the  reaction  as  the 
first  equation. 

Chlorates  present  in  the  sodium  hypochlorite  solution  used 
presented  no  problem,  since  they  do  not  react  with  the  sulfinate 
and  may  still  be  detected  after  completion  of  the  oxidation. 

Test  Paper.  The  starch-iodide  test  paper  used  in  the  pro¬ 
cedure  described  here  must  be  very  sensitive.  The  following 
formula,  used  in  this  laboratory,  was  found  satisfactory: 


One  liter  of  distilled  water  is  boiled  several  minutes,  and  3 
grams  of  pure  cadmium  iodide  crystals  are  added  to  it,  followed 
by  5  grams  of  potato  starch  which  have  been  made  into  a  thin 
paste  with  water.  The  mixture  is  boiled  for  several  minutes.  It 
is  allowed  to  settle  for  at  least  24  hours,  and  the  clear  liquor  is 
decanted.  Then  strips  of  Reeves-Angel  filter  paper  No.  211,  about 
12.5  cm.  (5  inches)  wide,  are  passed  through  the  solution  and 
dried  in  a  relatively  dust-free  atmosphere,  away  from  fumes. 
The  strips  are  cut  into  thin  strips  1.25X12.5  cm.  (0.5X5  inches). 

PROCEDURE 

A  sample,  S,  equivalent  to  approximately  2.5  grams  of  sodium 
benzene  sulfinate  is  accurately  weighed  and  transferred  to  a  250- 
ml.  Erlenmeyer  flask,  diluted  to  approximately  150  ml.  with  dis¬ 
tilled  water,  and  made  slightly  alkaline  with  dilute  sodium  hy¬ 
droxide  solution,  using  a  very  small  spot  on  brilliant  yellow  paper 
as  an  indicator. 

Ten  milliliters  of  10%  barium  chloride  solution  are  added  and 
the  precipitate  of  barium  sulfite  (and  barium  sulfate)  is  allowed  to 
digest  for  0.5  hour  on  a  steam  bath.  The  solution  is  then  filtered, 
washed  directly  into  a  250-ml.  volumetric  flask,  and  made  to  the 
mark  at  room  temperature  (S  jlution  A). 

Twenty  milliliters  of  about  12%  sodium  hypochlorite  solution 
are  diluted  to  approximately  1  liter  (Solution  B).  Fifty  milli¬ 
liters  of  this  solution  are  titrated  with  standard  0.1  if  sodium 
arsenite  solution  until  the  blue  spot  which  first  appears  on  starch- 
cadmium  iodide  test  paper  when  touched  by  a  drop  of  the  solu¬ 
tion  ceases  entirely  to  show.  (This  standardization  of  solution  B 
must  be  repeated  if  the  latter  is  to  be  used  after  several  hours’ 
standing.)  Titration  =  b. 

Fifty  milliliters  of  solution  B,  50  ml.  of  10%  sodium  carbonate 
solution,  and  100  ml.  of  distilled  water  are  cooled  to  about  15°  C. 
Into  this  solution,  solution  A  is  run  from  a  buret  until  a  blue  spot 
ceases  entirely  to  appear,  as  above.  Titration  =  s. 

Calculation 

b  X  0.016416  X  100  _  205.2  X  b  _  %  sodium  benaene  sul6nste 

2  X  555  x  5 

EXPERIMENTAL 

A  good  grade  of  sodium  benzene  sulfinate  was  recrystallized 
three  times  from  water.  The  crystals  obtained  were  dried  over 
sulfuric  acid  in  vacuum  for  36  hours,  then  dried  at  100°  C.  in  air 
for  1  hour.  The  resultant  compound  was  analyzed  and  found  to 
contain  S,  19.51%;  C,  44.00%;  H,  3.13%.  Calculated:  S, 
19.52%;  C,  43.89%;  H,  3.07%. 

This  material  was  analyzed  with  the  results  shown  in  Table  I. 

To  test  further  the  relative  values  of  the  two  procedures  for 
commercial  application,  a  mixture  of  the  pure  sodium  benzene 
sulfinate  with  the  inorganic  salts  usually  found  in  the  technical 
product,  and  sodium  benzene  sulfonate,  a  possible  impurity,  was 


Table  1. 

Analysis  of  Sodium  Benzene  Sulfinate 

Proposed  Method 

Ferric  Salt  Method 

% 

% 

1st  run 

100.24 

99.66 

2nd  run 

100.10 

100.43 

3rd  run 

100.10 

95.94 

4th  run 

99.97 

.... 

5th  run 

99.97 

6th  run 

100.11 

Table  II.  Analysis  of  Mixture 

Proposed  Method 

Ferric  Salt  Method 

% 

% 

1st  run 

80.26 

89.3 

2nd  run 

79.89 

98.3 

3rd  run 

80.18 

94.4 

4th  run 

80.18 

5th  run 

80.09 

6th  run 

80.18 
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prepared.  This  combination  was  thoroughly  ground  and  mixed 
to  ensure  homogeneity.  Content  of  the  mixture  follows: 

Grams  Grams  Grams 

NaCl  2.5000  NazSOs  2.5000  CeHsSOiNa  40.0000 

Na2SOj  2.5000  CsHsSOsNa  2.5000 


P.  Nawiasky  and  R.  H.  Zappert  for  cooperation  and  constructive 
criticism. 

Thanks  are  extended  to  H.  M.  Schramm  for  the  sulfur  deter¬ 
mination,  and  L.  T.  Hallett  for  the  carbon  and  hydrogen  deter¬ 
minations. 


An  analysis  of  the  mixture  containing  80.00%  sodium  benzene 
sulfinatte  gave  the  results  shown  in  Table  II. 
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Determination  of  1,2-Propylene  Glycol  in  Ethyl  ene  Gly  col 

R.  C.  REINKE  AND  E.  N.  LUCE,  The  Dow  Chemical  Company,  Midland,  Mich. 


A  procedure  for  the  determination  of  1,2-propylene  glycol  in  the 
presence  of  ethylene  glycol  consists  of  a  periodate  oxidation  of 
1,2-propylene  glycol  to  acetaldehyde  and  formaldehyde  and  of 
ethylene  glycol  to  formaldehyde,  and  the  separation  of  the  two 
aldehydes  by  a  blowing-out  process,  forming  the  acetaldehyde 
sulfite  addition  compound  which  is  titrated  with  iodine.  By  this 
method  it  is  possible  to  determine  98%  of  the  1 ,2-propylene  glycol 
present  over  a  range  of  0  to  90%  1,2-propylene  glycol  in  ethylene 
glycol.  A  method  for  determining  total  glycols  by  periodate  is 
also  given. 


HCHO  +  NH2CH2COOH  — >-  CH2NCH2COOH  +  H20 

OH 

/ 

CHsCHO  +  NaHS03  — >  CH3C— S03Na 

\ 

H 

2NaHS03  +  2I2  +  2H20  — >  4HI  +  H2S04  +  Na2S04 

The  sulfite  solution  containing  the  absorbed  acetaldehyde  is 
treated  with  iodine  to  remove  excess  sulfite  and  then  made  alka¬ 


A METHOD  was  desired  for  the  determination  of  1,2-propyl¬ 
ene  glycol  in  ethylene  glycol,  in  varying  amounts  and  in 
various  types  of  samples.  Fractionation  procedures  were  im¬ 
practical,  since  they  required  too  much  time  and  did  not  easily 
permit  analytical  separation  because  of  the  small  difference  in 
boiling  points.  Furthermore,  this  type  of  method  would  not  be 
satisfactory  when  dilute  aqueous  solutions  were  encountered. 

A  search  of  the  literature  revealed  much  work  on  this  problem, 
but  none  suitable  to  the  authors’  needs. 

Hoepe  and  Treadwell  (4)  developed  a  method  for  the  quantita¬ 
tive  determination  of  glycerol,  ethylene  glycol,  and  1,2-propylene 
glycol  involving  periodate  oxidation  of  the  alcohols  and  depend¬ 
ing  on  accurate  determination  by  the  potassium  cyanide  method 
of  formaldehyde  in  the  presence  of  acetaldehyde.  The  authors 
found  this  procedure  unsuitable,  owing  to  interference  of  the  acet¬ 
aldehyde.  In  a  method  for  determining  small  amounts  of  lactic 
acid  in  blood  and  urine,  developed  by  Clausen  ( 1 ),  the  lactic  acid 
was  oxidized  to  acetaldehyde  which  was  removed  by  an  aeration 
process  from  the  other  oxidized  materials.  Nicolet  and  Shinn 
( 6 )  determined  methyl  pentose  in  the  presence  of  pentoses  by  a 
periodate  oxidation  and  separation  of  aldehydes  by  aeration.  As 
the  basis  for  the  present  work  Shupe’s  (7)  micro  application  of 
the  Nicolet  and  Shinn  procedure  to  glycols  in  cosmetic  ingredients 
was  used.  Changes  in  design  of  equipment  and  procedure  were 
made  to  ensure  theoretical  results  in  the  type  samples  encoun¬ 
tered. 

OUTLINE 

The  oxidation  of  glycerol  by  the  periodate  method  of  Mala- 
prade  ( 5 ),  Fleury  and  Fatome  (3)  and  adaptation  to  glycols  by 
Denice  ( 2 )  may  be  expressed  as  follows: 

C2H4(OH)2  +  HI04  — >  2CH20  +  HI03  +  H20 

ch3chohch2oh  +  hio4  — > 

CH20  +  CHaCHO  +  HI03  +  H20 

The  ethylene  glycol  yields  two  molecules  of  formaldehyde, 
while  the  1,2-propylene  glycol  reacts  to  give  one  molecule  each 
of  formaldehyde  and  acetaldehyde.  The  aldehydes  are  separated 
by  blowing  them  through  a  saturated  solution  of  sodium  bicar¬ 
bonate  containing  a  definite  quantity  of  glycine.  This  treatment 
removes  the  formaldehyde,  and  the  acetaldehyde  is  then  deter¬ 
mined  by  the  sodium  bisulfite  procedure: 


line  with  saturated  sodium  bicarbonate  which  destroys  the  addi¬ 
tion  compound.  The  sulfite  thus  liberated  is  titrated  with  a 
standard  iodine  solution  with  a  buffer  added  just  before  the  end 
point. 

REAGENTS 

Periodic  Acid,  0.1  M.  Weigh  10.7  grams  of  sodium  meta¬ 
periodate  into  a  500-ml.  volumetric  flask,  and  add  200  ml.  of 
water  followed  by  100  ml.  of  1  N  sulfuric  acid.  Dilute  the  solu¬ 
tion  to  volume  with  distilled  water  and  shake  the  flask  until 
solution  is  complete. 

Iodine,  standard  0.1  N. 

Iodine,  standard  0.02  N.  Dissolve  30  grains  of  potassium  io¬ 
dide  in  100  ml.  of  water  in  a  500-ml.  volumetric  flask  and  measure 
in  accurately  from  a  buret  100  ml.  of  standard  0.1  N  iodine. 
Make  to  volume  with  distilled  water. 

Iodine,  approximately  0.1  N. 

Sodium  Bisulfite,  5%.  Dissolve  5  grams  of  sodium  bisulfite 
in  100  ml.  of  water. 

Buffer  (Borax-sodium  carbonate  mixture).  Dissolve  4 
grams  of  borax  (Na2B407. 10H2O)  and  5  grams  of  anhydrous 
sodium  carbonate  in  100  ml.  of  water. 

Glycine  (aminoacetic  acid).  Dissolve  5  grams  of  U.S.P. 
glycine  in  saturated  sodium  bicarbonate  solution  and  dilute  to 
250-ml.  volume  with  saturated  sodium  bicarbonate  solution. 

Starch.  Dissolve  0.5  gram  of  soluble  starch  in  10  ml.  of  cold 
water  and  add  to  90  ml.  of  boiling  water.  Boil  5  minutes  and 
cool. 

Sodium  Bicarbonate,  U.S.P.  powder. 

Sodium  Bicarbonate,  saturated  aqueous  solution. 

Sodium  Arsenite,  standard  0.1  N. 

Potassium  Iodide,  approximately  10%. 

APPARATUS 

Special  equipment  used  in  determining  1,2-propylene  glycol 
consisted  of: 

Carbon  Dioxide  or  Nitrogen,  one  cylinder. 

Flowmeter,  calibrated  for  1.5  liters  of  carbon  dioxide  per 
•minute. 

Reaction  and  Absorption  Tubes.  The  equipment  consists 
of  a  series  of  4  test  tubes  connected  in  a  manner  satisfactory  for 
passing  gas  through  the  solutions.  The  first  tube  (200  X  29 
mm.)  is  fitted  with  a  3-hole  rubber  stopper  carrying  a  small  sepa¬ 
ratory  funnel  through  which  the  sample  aliquot  and  periodate 
solutions  are  added.  This  funnel  also  serves  as  an  inlet  tube  for 
carbon  dioxide.  A  large-bore  glass  tube,  also  inserted  in  the 
stopper  of  the  first  tube,  is  divided  above  the  stopper  by  a  piece 
of  rubber  tubing.  It  serves  as  a  reservoir  and  inlet  for  the  sodium 
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bicarbonate  powder.  A  pinchclamp  on  the  rubber  tubing  pre¬ 
vents  loss  of  gas  when  the  sodium  bicarbonate  is  added,  iiie 
other  3  tubes  in  the  series  are  150  X  25  mm. 


PROCEDURE 

Total  Glycols.  Pipet  an  aliquot  of  not  more  than  30  ml 
containing  not  less  than  15  mg.  nor  more  than  90  mg.  of  glycols 
calculated  as  ethylene  glycol,  into  a  125-ml.  Erlenmeyer  flask. 
Pipet  in  15  00  ml.  of  0.1  M  periodic  acid,  mix  well,  and  allow  to 
stand  15  minutes.  Add  30  ml.  of  saturated  sodium  bicarbonate 
solution,  after  which  the  solution  should  be  approximately  neu¬ 
tral  Measure  in  accurately  50.00  ml.  of  0.1  A  sodium  arsemte 
and  finally  add  1  ml.  of  10%  potassium  iodide  and  an  excess  of 
solid  sodium  bicarbonate.  Titrate  with  0.1  A  iodine.  With  a 
little  practice  the  yellow  end  point  can  readily  be  detected,  and 
the  use  of  this  end  point  without  the  addition  of  starch  is  pre¬ 
ferred.  The  presence  of  solid  sodium  bicarbonate  improves 
the  quality  of  the  end  point  by  ensuring  a  saturated  solution 
Run  a  blank  determination  by  placing  15.00  ml.  ot  0.1  M 
periodic  acid  in  a  125-ml.  Erlenmeyer  flask,  add  30  ml.  of  satu¬ 
rated  sodium  bicarbonate  solution,  50.00  ml.  of  0. 1  iV  sodium  ar- 
senite  and  1  ml.  of  10%  potassium  iodide,  and  allow  the  solu¬ 
tion  to  stand  15  minutes.  Add  solid  sodium  bicarbonate  in  excess 
and  titrate  with  0.1  A  iodine  to  the  yellow  end  point. 

The  milliliters  of  0.1  A  iodine  used  for  the  determination  minus 
the  milliliter  used  for  the  blank  gives  the  milliliter  of  0  1  A  iodine 
equivalent  to  the  periodic  acid  used  to  oxidize  the  ethylene  gl>  - 
col  and  1,2-propylene  glycol. 

Net  ml.  of  0.1  A  iodine  X  0.003102  X  100  _ 

sample  weight 

%  by  weight  of  ethylene  glycol  +  1,2-propylene  glycol,  as 

ethylene  glycol 

The  above  result  (total  glycol  as  ethylene  glycol),  minus  per 
cent  of  l,2-prop3'lene  glycol  from  the  following  determination 
times  31/38,  equals  per  cent  by  weight  of  ethylene  glycol. 

Glycerol,  if  present,  must  be  determined  and  accounted  tor, 
since  it  is  also  oxidized  by  periodate  in  accordance  with  the  fol¬ 
lowing  equation: 

CH,OHCHOHCH2OH  +  2KI04  — >- 

2CH20  +  HCOOH  +  2KIO,  +  H20 

In  this  case  the  formic  acid  may  be  titrated. 

1,2-Propylene  Glycol.  Accurately  weigh  a  sample  of  the 
proper  size  and  dilute  to  a  suitable  volume,  so  that  a  10- to  20-ml. 
aliquot  will  contain  not  more  than  50  mg.  of  total  glycols  and  not 
more  than  10  mg.  as  1,2-propylene  glycol.  Pipet  an  aliquot  to  the 
largest  test  tube  of  the  series  described  above  and  stopper  it  after 
adding  water,  if  necessary,  to  make  a  final  volume  of  25  ml. 
Pipet  into  the  second  test  tube  sufficient  glycine  solution  to  leave 
a  10%  excess  of  glycine  over  the  amount  required  to  remove  the 
formaldehyde.  Too  large  an  excess  will  remove  some  acetalde¬ 
hyde  and  cause  low  results.  If  the  ethylene  glycol  content  is  un¬ 
known,  make  a  trial  determination  first  and  calculate  the  amount 
of  glycine  from  the  result.  Add  to  the  second  tube  saturated 
sodium  bicarbonate  solution  sufficient  to  make  the  final  volume 
10  ml.  In  the  third  and  fourth  tubes  place  1  ml.  of  5%  sodium 
bisulfite  and  15  ml.  of  distilled  water. 

Place  15  ml.  of  0.1  M  periodic  acid  in  the  separatory  funnel 
and  connect  the  carbon  dioxide  line.  Open  the  stopcock  and  al¬ 
low  the  acid  to  run  into  the  reaction  tube.  Mix  the  solution 
gently  for  15  minutes  by  passing  in  a  small  amount  of  carbon  di¬ 
oxide.  Meanwhile  place  4  grams  of  solid  sodium  bicarbonate  in 
the  large-bore  glass  tube.  After  the  15-minute  mixing,  remove  the 
pinchclamp  and  tap  in  the  sodium  bicarbonate.  Replace  the 
clamp  and  pass  in  carbon  dioxide  at  the  rate  of  1.5  liters  per  min¬ 
ute  for  1  hour. 

Transfer  the  contents  of  tubes  3  and  4  to  a  250-ml.  Erlenmeyer 
flask  with  the  aid  of  a  wash  bottle.  A.dd  5  ml.  of  starch  indicator 
I  and  run  in  the  approximately  0.1  A  iodine  from  a  buret  until  a 
blue  color  persists,  shaking  the  flask  continually.  Avoid  the  addi- 
i  tion  of  a  large  excess  at  anv  one  time.  Discharge  the  blue  color 
with  a  drop  of  5%  sodium  bisulfite.  After  5  minutes  add  0.02  A 
iodine  dropwise  to  the  blue  starch-iodine  end  point.  Now  add 
10  ml.  of  saturated  sodium  bicarbonate  solution  and  again  titrate 
with  0.02  A  iodine  to  the  blue  color.  Before  taking  the  final  end 
point  add  10  ml.  of  the  borax-carbonate  buffer  solution.  Record 
the  total  volume  of  0.02  A  iodine  solution  used  after  the  excess 
i  sodium  bisulfite  was  removed  by  the  first  addition  of  0.02  A  io¬ 
dine,  and  calculate  the  per  cent  by  weight  of  1,2-propylene  glycol 
as  follows: 


Sample 

Weight 

Mg. 

43.98 

45.98 

47.98 

49.98 
25.85 
16.90 
12.61 
11.06 


Table  I.  Analytical  Data 


Ethylene 

1,2-Propylene 

Glycol 

Glycol 

Present 

Present 

% 

% 

95.44 

4.56 

91.29 

8.71 

87.50 

12.50 

84.00 

16  00 

61.10 

38.90 

41.13 

58.87 

20.65 

79.35 

9.50 

90.50 

1,2-Propylene 
Glycol  Found 

by  Acet¬ 
aldehyde 

Error 

% 

% 

4.59 

+  0.7 

8.61 

-1.2 

12.50 

±0.0 

16.22 

+  1.4 

38.16 

-1.9 

58.24 

-1.1 

78.22 

-1.4 

89.56 

-2.1 

Ml.  of  0.02A  iodine  X  0.00076  X  aliquot  factor  X  100  _ 

sample  weight 

%  by  weight  of  1,2-propylene  glycol 

DISCUSSION 

Various  methods  were  tried  to  secure  better  results  on  the 
acetaldehyde  determination.  No  noticeable  difference  was  ob¬ 
served  when  the  periodate  oxidation  was  carried  out  at  0°  and 
100°  C.  (In  order  to  keep  the  contents  of  the  reaction  tube  at 
100°  C.  without  concentration,  a  condenser  was  used  on  the  reac¬ 
tion  tube.)  Following  the  procedure  of  Nicolet  and  Shinn,  ala¬ 
nine  was  used  instead  of  glycine  and  0.1  A  arsenite  solution  was 
used  to  take  care  of  excess  periodate,  without  improving  the 
method. 

Best  results  were  obtained  by  adding  the  periodate  solution  to 
the  reaction  tube  through  a  separatory  funnel  and  maintaining 
a  closed  system  by  adding  the  solid  sodium  bicarbonate  through 
the  large-bore  glass  tube. 

That  glycine,  if  present  in  too  high  a  concentration,  will  remove 
some  acetaldehyde  was  demonstrated  by  placing  a  glass  ampoule 
containing  a  known  amount  of  acetaldehyde  in  the  reaction  tube 
and  going  through  the  complete  procedure.  The  recovery  was 
86%.  Experimental  results  showed  that  formaldehyde  was  com¬ 
pletely  removed  by  the  glycine;  a  10%  excess  of  glycine  over 
that  required  to  react  with  the  formaldehyde  formed  proved  to 
be  satisfactory.  In  the  lower  percentage  range  of  1,2-propylene 
glycol  very  good  recovery  is  obtained.  However,  in  the  higher 
ranges  the  results  tended  to  run  slightly  low,  since  the  glycine 
reacted  with  a  very  small  amount  of  acetaldehyde. 

The  analytical  data  are  given  in  Table  I.  The  1,2-propylene 
glycol  used  in  this  work  was  a  regular  Dow  product  and  analyzed 
100.8%  by  the  periodate  method.  The  ethylene  glycol  was 
Eastman  Kodak  Co.’s  No.  133,  analyzing  100.1%  by  the  same 
procedure.  Values  given  in  Table  I  have  not  been  corrected  for 
the  fact  that  the  pure  materials  analyzed  more  than  100%. 

Interfering  substances  are  molecules  containing  adjacent  hy¬ 
droxyl  groups  or  an  amino  group  adjacent  to  a  hydroxyl  gioup. 

An  attempt  was  made  to  oxidize  the  formaldehyde  to  formic 
acid  with  hydrogen  peroxide:  the  formic  acid  could  then  be  de¬ 
termined  by  reduction  of  mercuric  chloride  to  the  insoluble  mer¬ 
curous  chloride.  Very  high  results  were  obtained,  since  hydrogen 
peroxide  itself  reduces  mercuric  chloride.  However,  when  silver 
oxide  was  tried  instead  of  hydrogen  peroxide,  the  recovery  was 
about  75%. 
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Estimation  of  Salts  of  Weak  Acids  by  Direct  Titration 

in  a  Mixed  Solvent 

SANTI  R.  PALIT,  Department  of  Chemistry,  Stanford  University,  Calif. 


A  simple  volumetric  method  for  the  estimation  of  alkali  metal  salts 
of  weak  monobasic  organic  acids  ( — COONa),  and  a  few  weak 
monobasic  inorganic  acids,  using  direct  titration  in  a  mixture  of 
cosolvents  is  described.  Weak  bases  such  as  aniline,  toluidine,  and 
amines  can  also  be  titrated  with  sharp  end  points  in  the  same  media. 
The  method  consists  of  dissolving  the  salt  in  a  mixture  of  solvents 
containing  glycol  and  a  higher  alcohol  or  chloroform  and  titrating 
with  hydrochloric  or  perchloric  acid  in  the  same  mix-solvent,  the 
end  point  being  determined  either  potentiometrically  or  with  the 
help  of  methyl  red  or  methyl  orange.  In  such  media  the  order  of 
indicator  range  is  sometimes  the  reverse  of  that  in  an  aqueous 
medium.  Further  applications  of  the  method  have  been  made  or 
suggested  for  estimation  of  soaps,  amino  acids,  weak  acid-strong 
acid  mixtures,  and  equivalent  weight  of  any  unknown  organic  acid. 


THERE  is  no  easy  and  accurate  method  for  the  estimation  of 
salts  of  weak  acids  such  as  sodium  acetate.  Generally  it  is 
done  (7,  IS)  by  distilling  the  acid  liberated  by  sulfuric  acid  or  phos¬ 
phoric  acid  and  absorbing  it  in  standard  alkali,  or  by  the  pyro¬ 
lytic  method.  For  salts  of  nonvolatile  acids  like  sodium  benzo¬ 
ate  the  matter  is  more  complicated  and  may  involve  extraction 
from  acid  with  ether.  The  present  paper  describes  a  simple 
direct  method  which  is  rapid  and  accurate,  has  some  special 
features  and  advantages  which  are  not  met  in  aqueous  solution, 
and  is  remarkably  free  from  all  complicating  factors  due  to 
hydrolysis. 

The  method  depends  on  the  fact  that  all  salts  of  monobasic 
weak  organic  acids  containing  the  group  COONa  are  highly 
soluble  in  a  glycol  or  a  glycol  mixed  with  some  solvent  for  hydro¬ 
carbons.  Such  mixtures  may  be  referred  to  as  G-H  mixtures, 
where  G  stands  for  any  glycol  type  of  solvent  and  H  represents 
any  solvent  for  hydrocarbons,  such  as  hydrocarbons  themselves, 
alcohols,  chlorinated  hydrocarbons,  etc.  The  solutions  thus  ob¬ 
tained  can  be  titrated  directly  with  hydrochloric  or  perchloric 
acid  dissolved  in  the  same  solvent  mixture,  the  end  point  being 
indicated  either  potentiometrically  or  by  the  color  change  of 
indicators.  The  method  likewise  can  be  used  with  a  few  weak 
inorganic  acids,  the  salts  of  which  are  soluble  in  the  afore¬ 
mentioned  solvents,  and  can  be  applied  to  determine  any  excess 
base  which  might  be  present  in  a  neutral  salt,  since  no  free  base  is 
produced  by  hydrolysis.  The  excess  base  which  makes  the  solu¬ 
tion  alkaline  to  phenolphthalein  or  cresol  red  can  be  directly 
determined  by  titration  in  the  G-H  solvent  medium.  Thus,  by  a 
double  indicator  titration,  first  with  phenolphthalein  or  cresol  red 
and  then  with  methyl  orange  or  methyl  red,  both  the  free  base 
and  the  combined  base  can  be  determined. 

Weak  acids  are  far  less  dissociated  in  nonaqueous  solvents  such 
as  alcohol  than  in  water;  hence,  their  sodium  salts  act  as  bases 
towards  indicators.  However,  most  are  only  slightly  soluble  in 
such  solvents  and  the  end  point  is  not  sharp  because  the  color 
change  or  the  pH  change  extends  over  a  long  interval.  The  sol¬ 
vent  medium  here  proposed  provides  high  solubility  and  a  sharp 
end  point. 

The  COONa  group  in  organic  salts  of  the  type  R.COONa 
undergoes  a  specific  solvation  with  glycols,  evidently  due  to 
hydrogen  bond  formation  as  shown  below,  leading  to  a  high  solu¬ 
bility. 


R.C^- 


0--H0.CH, 


-Na4- 


•0~--H0.CH2  or 


0---H0.CH2.CH20H 

/ 

or  R.C  — Na+ 

V 

o---ho.ch2.ch2oh 


Of  course,  the  — COO —  group  has  no  double  bond  in  the  classi¬ 
cal  sense  as  represented  in  the  conventional  formula,  but  both 
the  oxygen  atoms  are  equivalent,  owing  to  a  mesomeric  shift  in 
the  electronic  structure.  If  R  is  large  enough  it  prevents  ade¬ 
quate  solvation  of  the  whole  molecule  by  the  glycolic  group  alone, 
and  only  by  the  addition  of  a  hydrocarbon  solvent  is  a  high  solu¬ 
bility  attained. 

The  solvent  properties  of  G-H  mixtures  have  been  extensively 
studied  and  the  theoretical  aspects  discussed  in  separate  pub¬ 
lications  (10,  12);  here  these  mixtures  will  be  discussed  only  in 
respect  to  their  suitability  as  solvent  media  for  titration.  In 
conformity  with  the  above  idea  it  has  been  found  that  glycols  or 
G-H  mixtures  are  powerful  solvents  for  any  organic  salt  of  the 
type  R.COONa.  This  is  illustrated  by  a  few  data  in  Table  I, 
taken  from  a  portion  of  a  forthcoming  publication  on  soap  solu¬ 
bility  in  G-H  solvents. 

As  can  be  observed,  R  can  stand  for  both  aliphatic  and  aro¬ 
matic  groups,  and  hence  G-H  mixtures  might  be  regarded  as  an 
almost  universal  solvent  for  alkali  metal  salts  of  any  monobasic 
organic  acid.  They  serve  as  good  solvent  media  for  direct  titra¬ 
tion  of  the  salts  with  strong  acids. 

Almost  any  G-H  mixture  can  be  used  for  these  direct  titra¬ 
tions,  but  in  making  the  choice  the  author  has  paid  attention  to 
the  following  points:  sharp  end  point,  high  solvent  power,  low 
viscosity,  low  volatility,  freedom  from  toxicity,  and  easy  avail¬ 
ability.  Of  the  three  commercially  available  glycols,  ethylene 
glycol  is  slightly  preferable  to  propylene  and  to  diethylene  glycol 
in  respect  to  the  second  and  third  points,  but  the  advantage  is 
not  decisive.  From  the  many  solvents  for  hydrocarbons,  iso¬ 
propyl  alcohol  has  been  chosen  as  the  cosolvent  with  ethylene 
and  propylene  glycol  as  best  meeting  all  the  above  requirements. 
In  extreme  cases  like  sodium  stearate,  isopropyl  alcohol  does  not 
confer  sufficient  hydrocarbon-dissolving  property  and  hence 
other  more  powerful  solvents,  such  as  butyl  or  amyl  alcohol 
chloroform,  dioxane,  etc.,  might  be  used. 


Table  I.  Solubility  of  Salts  at  25°  C.  in  Glycolic  Media 


(Grams  of  anhydrous  salt  per  100  grams  of  solvent) 

Ethylene  Glycol  Propylene  Glycol 


Salt 

Alone 

With 

cosolvent 

Alone 

With 

cosolvent 

Sodium  acetate 

29.05 

22.57a 

Sodium  caprylate 

29.52 

22.31 

Sodium  laurate 

11.92 

12.19 

Sodium  oleate 

16.43 

28.8i*> 

11.72 

15. 336 

Sodium  benzoate 

24.87 

21.95° 

13.13 

10.24° 

Sodium  salicylate 

Very  high 

Very  high 

Sodium  propyl  nitronate 

39.51 

34.89° 

21.84 

18.82° 

Sodium  nitrite 

16.78 

8.47 

Borax 

9.05 

Sodium  metaborate 

6.98 

3.36 

°  Chloroform,  20%. 

6  Butyl  alcohol,  50%. 

°  n-Amyl  alcohol,  20%. 


The  proportion  of  isopropyl  alcohol  which  can  be  satisfactorily 
used  as  a  cosolvent  for  glycol  extends  over  a  wide  range,  from  15 
to  70%  by  volume  being  satisfactory.  The  author  has,  however, 
used  a  mixture  1  to  1  by  volume  of  ethylene  or  propylene  glycol 
and  isopropyl  alcohol  as  a  standard  solvent  medium;  although 
20  volume  %  of  the  latter  is  slightly  better  with  respect  to  sensi¬ 
tivity  and  solubility,  the  low  viscosity  of  the  1  to  1  composition 
is  advantageous. 

The  two  acids  tried,  hydrochloric  and  perchloric,  give  equally 
satisfactory  results.  The  latter  is  preferred,  particularly  in 
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Ml.  of  0.18  N  Acid  Added 

Figure  1 .  Potentiometric  Titration  Curves  of 
Organic  Acid  Salts  in  G-H  Solvents 

0.1 8  N  perchloric  acid,  glass  electrodes 

A.  Sodium  acetate  C.  Sodium  formate 

B.  Sodium  cinnamate  D.  Sodium  mandalate 

containing  excess  alkali  E.  Sodium  salicylate 

.itrating  concentrated  solutions,  since  the  perchlorate  formed  is 
nuch  more  soluble  than  the  chloride  and  so  does  not  produce  any 
laziness  during  titration  through  separation  of  finely  divided 
lalt.  This  equality  in  strength,  as  evidenced  by  practically 
dentical  titration  curves,  is  contrary  to  the  findings  of  Hall  and 
fis  co-workers  (5),  who  found  hydrochloric  acid  to  give  a  steeper 
■itration  curve  than  perchloric  acid  in  glacial  acetic  acid  medium, 
md  to  the  observations  of  others  (2,  S,  6)  on  acid  strength  in  non- 
iqueous  solvents.  That  the  intrinsic  strength  of  perchloric  acid 
ihould  be  more  than  that  of  hydrochloric  acid  is  easily  under- 
itood,  since  the  coordinate  bonds  of  the  chlorine  ion  to  the  oxy- 
jens  are  formally  equivalent  to  a  transfer  of  negative  charge 
•esulting  in  a  higher  protogenic  tendency  (basic  power)  of  the 
■esulting  perchlorate  ion.  However,  this  leveling  effect  on  acids 
if  glycolic  solvents,  which  have  very  weak  acidic  or  protogenic 
xnver  but  possibly  no  basic  or  protophilic  power,  is  difficult  to 
inderstand  unless  we  admit  that  not  only  the  acidic  or  basic 
rnture  of  the  medium  but  also  its  solvation  power  is  an  important 
'actor.  This  may  cause  in  some  cases,  as  in  the  case  of  indicators, 
i  reversal  of  the  normal  order  of  acid  strengths. 

Potentiometric  titrations  were  conducted  satisfactorily  using 
x  Beckman  glass  electrode.  The  readings  on  the  dial  of  the  pH 
meter  indicate,  of  course,  only  apparent  pH  values,  because  the 
scale  of  acidity  has  not  been  thermodynamically  established  for 
;hese  solvents,  and  because  of  the  unknown  value  for  the  po¬ 
tential  at  the  liquid  junction  between  the  solvent  and  the  satu¬ 
rated  potassium  chloride  solution  surrounding  the  reference  elec¬ 
trode.  Nevertheless,  it  is  remarkable  that  the  pH  changes  and 
the  behavior  of  the  indicators  are  nearly  in  the  same  range  as  in 
m  aqueous  medium  in  weakly  acid  region.  In  strongly  acid 
region  the  apparent  pH  is  much  lower;  in  fact,  it  is  negative  in  a 
iecinormal  acid  solution  and  hence,  except  as  a  means  of  deter¬ 
mining  the  end  point,  these  values  have  no  significance  at  all. 

A  few  titration  curves  are  shown  in  Figures  1  and  2.  The 
change  at  the  equivalence  point  is  rapid,  and  therefore  the  end 
point  can  be  ascertained  with  great  accuracy.  For  comparison, 
a  titration  curve  of  sodium  acetate  in  water  is  shown  in  Figure  2. 
It  will  be  observed  that  pure  glycol  could  be  used  as  a  solvent 
medium  with  slight  sacrifice  of  accuracy  so  far  as  the  steepness  of 
the  titration  curve  is  concerned.  But  two  other  additional 
factors  stand  in  its  way  to  be  used  as  such:  (1)  its  viscosity  is 


rather  high,  which  introduces  a  large  “drainage”  error  in  deliver¬ 
ing  from  a  buret,  and  (2)  many  organic  acid  salts  are  insoluble 
or  sparingly  soluble  in  the  pure  glycol  but  are  sufficiently  soluble 
in  suitable  G-H  mixtures. 

The  same  titration  can  be  done  with  the  help  of  suitable  acid- 
base  indicators.  Owing  to  the  uncertainties  in  the  significance 
of  conventional  pH  measurement  in  organic  solvents,  the  choice 
of  indicator  has  to  be  made  by  trial  and  error.  Both  methyl  red 
and  methyl  orange  can  be  satisfactorily  used.  The  latter  gives  a 
sharper  end  point,  but  the  former  gives  a  brighter  one.  In  more 
than  300  titrations  by  this  method  in  connection  with  measure¬ 
ments  of  soap  solubility,  using  both  the  indicators,  methyl  red 
was  found  more  convenient,  owing  to  a  greater  sensitivity  of  the 
eye  in  judging  the  methyl  red  color.  The  colors  of  the  indicators 
are  somewhat  different  from  those  in  water  and  are  much  brighter 
and  more  contrasted.  The  color  on  the  acid  side  is  bright  pink 
and  that  on  the  alkaline  side  is  canary  yellow  for  both  indicators. 

Of  all  common  solvents,  only  a  few  as  fisted  below  show  bright 
color  and  sharp  change  from  alkaline  to  strong  acid  with  methyl 
red,  whereas  in  all  other  solvents  a  dull  brownish  orange  color 
with  a  sluggish  change  is  observed.  The  suitability  of  the  sol¬ 
vent  was  judged  by  a  very  simple  test:  Five  milliliters  of  each 
solvent  were  taken  in  each  of  two  separate  test  tubes  and  to  one 
was  added  a  drop  of  glacial  acetic  acid  and  to  the  other  a  drop  of 
alcoholic  0.2  N  hydrochloric  acid.  Obviously,  the  solvents 
which  show  color  with  acetic  acid  and/or  fail  to  show  sharp  change 
with  hydrochloric  acid  cannot  be  used.  The  following  solvents 
more  or  less  qualified  in  the  above  test:  propylene  glycol,  di¬ 
ethylene  glycol,  ethylene  glycol,  benzyl  alcohol,  methyl  alcohol, 
phenols,  chloroform,  methylene  chloride,  glacial  acetic  acid,  and 
cyclohexanol.  The  first  two  solvents  are  found  best  for  the  pur¬ 
pose,  followed  very  closely  by  the  third.  The  solvents  at  the 
end  of  the  fist  are  rather  poor  for  the  purpose.  With  somewhat 
less  accuracy  benzyl  alcohol  and  methyl  alcohol  probably  can  be 
used  in  place  of  glycols,  if  other  conditions  permit.  In  fact,  with 
respect  to  the  brightness  of  the  acid  color  of  methyl  red,  benzyl 
alcohol  (and  phenol)  is  definitely  superior  to  even  the  glycols, 
but  its  low  solvent  power,  less  availability,  presence  of  blanks 
against  alkali  in  even  the  purest  commercial  variety,  etc.,  for¬ 
feited  its  chance  of  being  considered  for  this  purpose.  If  phenols, 
cresolg,  benzyl  alcohol,  etc.,  become  available  commercially  in 
purer  state  they  would  perhaps  be  usable  in  place  of  the  glycols 


Figure  2.  Potentiometric  Titration  Curve  for  Sodium 
Acetate 

0.18  N  perchloric  acid,  glass  electrode 
A.  G-H  solvent  B.  Glycol  C.  Water 
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for  such  titrations.  As  cosolvents'  ethyl  alcohol  shows  too  slug¬ 
gish  a  color  change  to  be  used,  whereas  higher  alcohols  are  better. 

EXPERIMENTAL 

Estimation  of  Salts  of  Organic  Acids.  Potentiometric 
Method.  Since  the  use  of  the  glass  electrode  under  such  condi¬ 
tions  is  a  departure  from  the  usual  procedure,  a  rather  detailed 
description  of  the  procedure  is  given. 

All  the  potentiometric  titration  curves  were  obtained  by  dis¬ 
solving  0.1  to  0.2  gram  of  the  salt  (equivalent  to  8  to  10  ml.  of 
0.18  N  acid)  in  20  ml.  of  the  G-H  solvent  and  titrating  with  6  M 
perchloric  acid,  using  a  Beckman  glass  electrode  (Type  1190) 
with  a  Beckman  pH  meter.  The  solution  to  be  titrated  was 
taken  in  a  50-cc.  beaker  which  was  stirred  by  an  electromagnetic 
device  with  a  small  piece  of  thin  glass  tubing  containing  a  sealed 
iron  nail.  The  glass  electrode  was  adjusted  with  a  buffer  of  pH 
7,  washed  with  a  spray  of  distilled  water,  which  was  carefully 
tissued  off  completely  with  very  soft  absorbent  paper,  and  imme¬ 
diately  placed  in  the  solution.  The  type  of  calomel  electrode 
whose  connection  was  made  through  a  sealed-in  thin  asbestos 
fiber  was  used  and  was  treated  in  the  same  wRy  as  the  glass  elec¬ 
trode.  In  less  than  2  minutes  very  steady  readings  were  ob¬ 
tained  and  the  titration  was  then  carried  out  as  usual  with  per¬ 
chloric  acid  dissolved  in  the  same  solvent  mixture  delivered  from 
a  10-cc.  buret.  The  pH  value  was  checked  with  the  same  buffer 
after  titration.  It  was  found  that  the  buffer  now  gave  a  value 
always  higher  by  0.02  to  0.06  pH  unit,  which  tended  to  disappear 
on  keeping  the  electrode  immersed  for  a  long  time. 

In  order  to  determine  how  far  these  apparent  pH  values  are 
reproducible,  a  solution  of  sodium  acetate-acetic  acid  (ap¬ 
proximately  decinormal  with  respect  to  both  components)  in 
standard  G-H  mixture  was  made  and  its  apparent  pH  was  deter¬ 
mined  from  time  to  time  (Table  II).  The  values  are  fairly  re¬ 
producible  and  comparable. 

Sodium  salts  of  all  the  following  acids  have  been  found  to  give 
satisfactory  results:  acetic,  propionic,  butyric,  oleic,  stearic, 
benzoic,  cinnamic,  mandelic,  and  lactic.  It  would  appear  from 
the  titration  curve  of  formic  acid  that  this  is  about  the  limit  of 
acid  strength  suitable  to  the  method  with  high  accuracy,  and 
salts  of  acids  much  stronger  than  formic  ( Ka  =  2.1  X  10“ 4)  can¬ 
not  be  titrated  without  sacrificing  accuracy. 

Indicator  Method.  From  0.2  to  1.0  gram  of  the  salt  is  dis¬ 
solved  in  about  10  to  15  cc.  of  the  solvent  mixture  in  a  50-cc. 
conical  flask  or  a  big  test  tube  (1X5  inch)  and  is  titrated  with 
0.18  iV  perchloric  acid,  or  stronger  if  necessary,  to  keep  the  titer 
to  a  convenient  volume.  In  order  to  effect  a  quick  dissolution 
of  the  solid  it  is  advisable  first  to  add  5  cc.  of  propylene  glycol  to 
moisten  it  fully,  allow  a  few  minutes  for  swelling,  warming  if 
necessary,  and  then  add  about  an  equal  volume  of  the  other  sol¬ 
vent  (usually  isopropyl  alcohol  or  chloroform)  and  stir  to  get  a 
clear  solution.  Three  to  5  drops  of  0.05%  alcoholic  indicator 
solution  are  added  and  the  solution  is  titrated  slowly  with  stand¬ 
ard  perchloric  acid  solution  in  propylene  glycol-isopropyl  alcohol 
mixture  (1  to  1  by  volume)  until  the  color  changes  sharply  to  a 
bright  pink.  To  facilitate  the  detection  of  color  change  the 
conical  flask  is  placed  on  a  white  background*  and  the  acid  is 
added  near  the  end  point  in  steps  of  0.02  cc.  No  blanks  are 
necessary  even  with  the  commercial  solvents  (excepting  chloro¬ 
form),  which  are  neutral  and  give  a  bright  pink  color  on  adding  a 
drop  of  the  acid.  The  chloroform,  if  it  contains  free  hydrochloric 
acid,  should  be  washed  with  water  and  dried  before  use.  The 
presence  of  benzyl  alcohol,  phenol,  or  any  benzoid  compound,  if 
added,  brightens  the  color  of  methyl  red. 

Accuracy  of  the  Method.  It  is  necessary  to  check  the 
method  using  a  pure  salt  of  an  organic  acid.  Unfortunately, 
such  chemicals  are  not  easily  available  or  prepared  because 


Table  II.  Apparent  pH  of  an  Acetate  Buffer  in  G-H  Solvent 


Type  of  Electrode 

Days 

Apparent  pH 

Type  1190 

0 

6.33 

1 

6.31 

2 

6.32 

Type  1190  (a  different  glass  electrode) 

3 

3 

6 . 30 

6.31 

Table  III.  Titration  of  Sodium  Hydroxide  in  G-H  Medium 
Containing  an  Excess  of  an  Organic  Acid 


Volume  of  0.2  N  Acid 
Required 


Organic  Acid 

Actual 

Observed 

Error 

Ml. 

Ml. 

Ml. 

% 

Acetic 

8.45 

8.43 

-0.02 

-0.24 

Propionic 

8.41 

8.41 

0.00 

0.00 

Butyric 

8.43 

8.39 

-0.04 

-0.48 

Benzoic 

8.45 

8.43 

-0.02 

-0.23 

Cinnamic 

8.45 

8.46 

+  0.01 

+  0.12 

Mean 

-0.17 

these  salts  have  a  tendency  to  crystallize  from  water  with  excess 
acid  formed  by  hydrolysis.  In  order  to  avoid  any  such  doubt 
the  following  procedure  was  used  to  check  the  proposed  method. 

A  solution  of  sodium  hydroxide  (approximately  0.14  N)  was 
made  in  ethylene  glycol.  An  equal  volume  (about  12  cc.)  of  this 
solution  and  isopropyl  alcohol  was  mixed.  The  isopropyl  alcohol 
contained  an  excess  (about  10%)  of  an  organic  acid  and  hence 
the  resulting  solution  is  the  same  as  a  solution  of  a  salt  of  an 
organic  acid  containing  a  known  amount  of  the  same  in  the  pres¬ 
ence  of  an  excess  of  the  same  acid.  This  solution  was  potentio- 
metrically  titrated  as  described  above.  To  avoid  any  drainage 
error  due  to  high  viscosity  of  glycol,  the  amount  of  glycolic 
caustic  soda  used  was  always  determined  by  weighing.  The 
results  obtained  are  shown  in  Table  III,  from  which  it  will  be 
observed  that  the  method  is  capable  of  an  accuracy  of  at  leasl 
1  part  in  500  without  any  special  technique. 


Ml.  of  Alkali  or  Acid  Added 

Figure  3.  Potentiometric  Titration  Curves  in  G-H 
Solvents,  Using  Glass  Electrode 

A.  Boric  acid  by  0.2  N  alkali 

B.  Borax  by  0.18  N  perchloric  acid 

Estimation  of  Salts  of  Inorganic  Acids.  It  has  been  found 
that  not  only  the  COONa  group  but  any  sodium  salt  containing 
the  group  XOONa,  where  X  stands  for  any  negative  element,  is 
highly  soluble  in  G-H  mixtures  and  can  be  titrated  accurately  in 
such  media.  The  inorganic  salts  containing  this  requisite  struc¬ 
ture  are  metaborates,  aluminates,  nitrites,  nitronates,  hypo- 
phosphites,  hyposulfites,  sulfinates,  chlorites,  etc.,  all  of  which 
are  highly  soluble  in  glycols  and  G-H  mixtures,  and  they  can  be 
titrated  as  described  above  by  either  the  potentiometric  or 
indicator  method.  The  only  difficulty  is  encountered  with 
strongly  reducing  hyposulfite  which  tends  to  decolorize  the  indi¬ 
cator,  but  in  the  1  to  1  G-H  solvent  the  reducing  action  is  not 
sufficiently  rapid  to  interfere  with  the  titration.  In  fact,  it  has 
been  observed  that  the  G-H  solvents,  containing  higher  alcohols, 
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Figure  4.  Potentiometric  Titration  Curves  of  Weak 
Bases  in  G-H  Solvents 

0.18  N  perchloric  acid 

A.  Ammonia  B.  Aniline  in  water  C.  Aniline 

chloroform,  etc.,  act  as  a  retardant  for  such  reduction  processes, 
vhereas  in  pure  glycol  the  reduction  is  rapid. 

In  addition  to  the  above  acids  there  are  a  fair  number  of  mono¬ 
basic  weak  inorganic  acids  whose  salts  are  sufficiently  soluble  in 
j-H  mixtures  to  admit  of  such  a  titration.  Such  compounds 
ire  borate,  silicate,  arsenate,  etc.,  which  can  be  estimated  in  the 
same  manner. 

Estimation  of  Borates.  In  glycolic  solvents,  boric  acid  be- 
laves  as  a  moderately  strong  monobasic  acid  just  as  it  does  in 
iqueous  solution  in  the  presence  of  a  large  concentration  of 
mannitol  or  glycerol.  Hence,  all  the  alkali-metal  borates  which 
have  been  found  to  be  very  highly  soluble  in  glycolic  solvents 
lan  be  easily  estimated.  The  salt  is  dissolved  in  glycolic  solvent 
md  is  titrated  with  glycolic  alkali  to  the  color  change  of  phenol- 
phthalein  or  cresol  red  which  gives  the  free  acid  equivalent. 
This  solution  is  now  titrated  with  glycolic  perchloric  acid  using 
methyl  red  as  indicator,  which  will  give  the  total  boric  acid 
equivalent,  provided  no  other  weak  acid  is  present  in  the  system. 
The  alkali  titration  of  boric  acid  or  borates  gives  a  very  sharp 
end  point,  whereas  the  acid'  titration  is  somewhat  less  accurate, 
owing  to  the  fairly  strong  acidity  of  boric  acid  in  glycolic  solvent, 
making  the  end  point  less  sharp.  This  is  seen  from  the  potentio¬ 
metric  titration  curves  of  boric  acid  against  alkali  and  borax 
against  acid  (Figure  3).  The  strong  buffering  effect  of  solutions 
of  boric  acid  in  the  presence  of  borates  is  also  worthy  of  notice. 

The  explanation  of  this  behavior  of  boric  acid  can  be  given  in 
terms  of  Lewis’  theory.  The  octet  structure  of  the  boron  in 
boric  acid  is  not  complete  and  the  former  can  therefore  accommo¬ 
date  two  more  electrons.  Hence  it  is  a  monobasic  acid  (electron 
acceptor)  like  boron  trichloride.  Water  forms  a  coordinate 
bond  by  lending  a  lone  pair  from  its  oxygen  shell,  winch  is  equiva¬ 
lent  to  giving  a  formal  negative  charge  to  the  central  atom  which 
inductively  holds  all  the  positive  hydrogen  atoms  tighter.  Alter¬ 
natively,  we  might  consider  the  structure  of  boric  acid  as  shown 
below,  HBO2.H2O,  where  it  has  a  filled  octet  instead  of  a  sextet 
as  in  the  other  structure,  B(OH)3.  Glycol  solvates  the  electro¬ 
negative  oxygen  atom  through  hydrogen  bond  formation,  as  a 
result  of  which  the  hydroxylic  hydrogen  of  boric  acid  becomes 
more  prone  to  dissociation,  similar  to  the  stepwise  behavior  of  a 
dibasic  acid.  This  explanation,  however,  is  different  from  that 
of  Boeseken  and  co-workers  (I),  who  consider  that  a  coordinate 


compound  is  formed  with  a  central  boron  atom  after  elimination 
of  water  between  the  hydroxyl  groups  of  boric  acid  and  glycol. 

H  0- . —  HO.CH,CH2OH 

\  / 

0:B 

/  \  : 

h  o;h 

■ 

Estimation  of  Weak  Bases.  Since  glycol  is  an  acidic  or 
protogenic  solvent  we  should  expect  it,  according  to  the  Lowry- 
Brpnsted  theory,  to  augment  the  apparent  basic  power  of  a  base, 
and  beyond  a  certain  strength  make  all  bases  appear  strong. 
However,  the  acidic  power  of  glycol  will  be  inferior  to  water  as  a 
titration  medium  for  weak  bases.  There  is,  however,  one  point  to 
consider  which  makes  it  decidedly  superior  to  water  for  such  use. 
Water,  owing  to  its  amiphiprotic  nature,  also  shows  its  protophilic 
activity  on  the  salt  formed  during  titration  and  hence  obscures 
the  end  point.  Thus,  in  titrating  aniline  in  aqueous  medium, 
we  have  two  reactions  simultaneously  occurring,  as  shown  below: 

C6H5NH2  +  H+- - -  C6H5NH3  + 

C6H3NH3  +  H20  ;  — wt  C6HsNH2  +  H3CH 

whereas  in  glycolic  medium  the  second  reaction,  in  which  the 
solvent  competes  for  the  proton,  will  be  much  reduced. 

A  few  potentiometric  titration  curves  for  weak  bases  are 
shown  in  Figure  4.  It  will  be  observed  that  aniline  (Kp  =  4.6  X 
10~10  in  water)  gives  a  curve  which  is  of  almost  the  same  type  as 
that  of  ammonia  in  water;  in  other  words,  its  apparent  dissocia¬ 
tion  constant  as  judged  by  the  steepness  at  the  inflection  point 
has  been  increased  more  than  10,000  times  that  in  water.  For 
comparison,  its  titration  curve  in  water  under  the  same  condi¬ 
tions  has  been  shown.  It  should  be  noted  that  the  apparent  pH 
of  aniline  in  the  G-H  solvent  titration  curve  is  much  lower  than 
the  same  curve  in  water,  whereas  in  the  case  of  sodium  acetate 
the  apparent  pH  is  higher  before  neutralization  and  lower  after 
neutralization  (Figure  2).  n-Butylamine  (mono)  and  ammonia 
have  been  found  to  give  practically  strong  base  curves  in  gly¬ 
colic  solvent. 


Table  IV. 

Estimation  oF  Weak  Bases  by  Direct  Titration 

Sharpness  of 

Base 

Taken 

Found 

Error  % 

End  Points 

Gram 

Gram 

Aniline 

0.2594 

0.2587 

Mean  error 

Fairly  sharp 

0.2034 

0 . 2034 

-0.16 

Strychnine 

Brucine 

0. 1785 
0.2150 

0 . 6525 
0.7821 

0.1776 

0.2154 

0.6531 

0. 8762a 

....... 

Very  sharp 
Extremely  sharp 

0 . 7408 

Pyridine 

0.2392 

0.2095 

-12.42 

0. 1993 

0.1705 

-14.09 

Poor 

p-Toluidine 

0.3040 

0.3124 

+  2.7 

Fair 

Naphthylamine 

0.3181 

0.3674 

+  15.8 

Poor 

Quinoline 

0.4309 

0 . 4045 

—  6.5 

Fair 

‘a  Calculated  as  4H2O. 
b  Calculated  as  anhydrous. 


The  end  point  can  also  be  detected  with  the  help  of  indicators 
as  in  the  foregoing  cases,  methyl  red  being  satisfactory  for  the 
purpose.  The  following  weak  bases  were  found  to  give  fairly 
sharp  end  points  with  methyl  red,  the  stronger  base  showing  a 
sharper  color  change:  aniline,  quinoline,  pyridine,  j8-naphthyl- 
amine,  p-toluidine,  and  phenylhydrazine.  Phenylhydrazine  and 
to  a  less  extent  /3-naphthylamine  were  found  to  destroy  the  indi¬ 
cator,  probably  by  a  slow  chemical  reaction,  and  could  be  titrated 
only  by  conducting  the  titration  very  quickly.  The  actual  val¬ 
ues  could  not  be  checked  against  titration  values,  since  none  of 
the  above  bases  was  obtainable  in  the  analytically  pure  stgite,  but 
with  fairly  pure  samples  of  aniline  (Merck,  A.C.S.  specification) 
the  results  agreed  within  1%  as  shown  in  Table  IV.  Some  of 
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the  bases  like  toluidine  and  naphthylamine  show  high  results, 
perhaps  due  to  the  presence  of  diamines  as  impurities. 

The  experimental  procedure  followed  in  these  cases  was  to 
dissolve  about  0.2  to  0.5  gram  of  the  base  in  a  mixture  of  5  cc.  of 
chloroform  and  5  cc.  of  propylene  glycol  and  to  titrate  the  solu¬ 
tion  with  the  standard  hydrochloric  acid  solution  as  in  the  pre¬ 
vious  cases,  adding  the  solution  in  steps  of  0.05  cc.  near  the 
equivalent  point.  Chloroform  was  used  as  cosolvent,  as  it  was 
found  that  its  presence  gave  a  slightly  better  color  change.  The 
dissociation  constant  of  the  base  in  aqueous  solution  is  not  a 
reliable  guide  as  to  its  suitability  in  the  direct  titration,  because 
aniline,  though  a  weaker  base  than  pyridine,  was  found  to  give 
much  sharper  color  changes  and  a  steeper  titration  curve  than 
the  latter.  In  fact,  it  is  impossible  to  judge  the  end  point  accu¬ 
rately  with  pyridine  by  this  procedure  unless  by  comparative 
methods.  The  pyridine  used  was  an  ordinary  dry  sample  which 
gave  about  10  to  12%  lower  results,  which  is  perhaps  due  to  the 
presence  of  its  homologs. 

Alkaloids  like  strychnine  and  brucine  gave  extremely  sharp 
end  points  and  in  the  former  case,  where  a  pure  sample  (Merck) 
was  available,  the  result  agreed  very  well. 

Estimation  of  Salts  of  Dibasic  Acids.  Generally  speaking, 
dibasic  acids  are  not  amenable  to  this  direct  titration  for  two 
reasons:  (1)  their  salts  are  not  sufficiently  soluble  in  G-H  sol¬ 
vents,  and  (2)  for  salts  like  oxalates  and  phthalates  the  free  acid 
liberated  during  titration  is  strong  enough  to  effect  a  color 
change  of  the  indicators.  It  might  be  possible  to  titrate  some 
of  the  weaker  ones  by  this  method.  Strangely  enough,  hydrazine 
hydrate,  which  is  dibasic,  also  could  not  be  titrated  in  glycolic 
solvent  with  accuracy  and  the  potentiometric  titration  curve 
shows  an  almost  constant  slope  over  a  wide  range  near  the 
equivalence  point. 

Choice  of  Indicators.  The  suitability  of  an  indicator  can¬ 
not  be  judged  from  these  potentiometric  curves  in  nonaqueous 
solvents  and  the  best  indicator  for  any  titration  is  found  only  by 
empirical  means.  For  example,  butylamine,  which  registers  an 
apparent  pH  of  11.3  in  glycolic  solvents,  shows  only  a  faint  alka¬ 
line  color  with  phenolphthalein,  whereas  in  water  a  bright  pink 
color  is  shown  though  the  pH  is  only  slightly  higher  (11.45).  In 
fact,  phenolphthalein  in  glycolic  solvents  is  much  less  bright  than 
in  water  and  methyl  red  is  just  the  reverse.  The  author  believes 
that  solvation  plays  a  very  important  role  and  the  color  of  dyes 
and  indicator  is  largely  influenced  by  the  solvating  power  of  the 
medium.  It  has  been  shown  that  glycol  has  a  strong  solvating 
power  through  hydrogen  bond  formation  for  RCOO~  ion  but  has 
very  little  power  for  dibasic  acid  salts.  This  might  be  responsible 
for  the  selectivity  of  the  indicators  as  noted  above.  Cresol  red 
has  been  found  to  have  a  brighter  color  than  phenolphthalein 
with  the  same  color  change  interval  and  so  can  be  used  with  ad¬ 
vantage  in  place  of  phenolphthalein  for  free  alkali  titrations. 

Even  the  order  of  indicator  range  might  change  with  the  nature 
of  the  solvent,  though  usually  acids  of  the  same  type  are  nearly 
equally  affected  by  change  of  solvent  (4,  9).  A  very  striking  case 
observed  in  G-H  medium  is  the  relative  range  of  bromocresol 
green  (pH  3.8  to  5.4)  and  methyl  red  (pH  4.4  to  6.2) ;  the  figures 
in  parentheses  are  the  color  change  interval  in  water.  If  we 
prepare  a  set  of  buffer  solutions  in  G-H  mixtures  by  partially 
neutralizing  aniline  with  gradually  increasing  quantities  of  per¬ 
chloric  acid  it  is  observed  that  bromocresol  green  changes  to  acid 
color  with  about  one-third  neutralization  of  aniline,  while  methyl 
red  requires  free  acid  to  be  present;  though  according  to  the 
values  quoted  above  for  an  aqueous  medium  the  reverse  is  to  be 
expected.  Bromophenol  blue  (pH  3.0  to  4.6)  has  also  been  ob¬ 
served  to  change  to  acid  color  at  a  higher  level  of  pH  than  methyl 
red,  but  to  a  smaller  extent  than  bromocresol  green.  That  the 
titration  range  of  sulfonphthalein  indicators  tends  to  shift  to 
higher  jiH  values  in  glycolic  solvents  is  found  in  a  recent  work  of 
Masi  and  Knight  (8),  who  found  that  in  20  to  80  by  weight  glycol- 
water  mixture  the  pK  of  bromo thymol  blue  (dibromothymol 


Figure  5.  Potentiometric  Titration  Curves  of  a  Strong  Acid-Weak 
Acid  Mixture  in  G-H  Solvents 

0.2  N  sodium  hydroxide 

A.  Nitric  acid-acetic  acid  mixture 

B.  Sulfuric  acid-acetic  acid  mixture 

sulfonphthalein)  is  7.42  and  in  40  to  60  glycol-water  mixture  it 
becomes  7.69  as  against  7.21  in  pure  water. 

APPLICATIONS 

Some  interesting  applications  of  this  method  can  be  made  in 
diverse  fields.  Soap,  as  well  as  the  free  alkali  present  in  it,  can 
be  conveniently  measured.  A  very  interesting  application  is  in 
the  estimation  of  amino  acids,  where  the  results  are  much  more 
complicated  because  of  the  dipolar  nature  of  their  ions.  The 
results  of  this  method  with  reference  to  soaps  (11)  and  amino 
acids  and  proteins  will  form  the  subject  of  separate  publications. 

Another  suggested  application  is  the  estimation  of  a  mixture 
of  a  weak  acid  and  a  strong  acid  in  a  single  titration  by  a  double 
indicator  method  or  a  potentiometric  method.  The  possibility 
of  such  a  method  is  shown  by  a  typical  titration  curve  of  a  mix¬ 
ture  containing  nitric  acid  and  acetic  acid  by  sodium  hydroxide 
in  G-H  medium  (Figure  5,  A).  Two  sharp  inflections  at  about 
apparent  pH  4  and  10  are  obtained  corresponding  to  the  neutral¬ 
ization  of  the  nitric  acid  and  the  acetic  acid,  respectively.  Such 
estimation  is  frequently  necessary  in  industry  with  acid  mix¬ 
tures  containing  sulfuric  acid,  for  example  in  the  manufacture  of 
cellulose  acetate.  Unfortunately,  sulfuric  acid  is  not  very  well 
amenable  to  this  method  because  it  does  not  behave  as  a  very 
strong  acid  like  the  other  mineral  acids  in  G-H  medium.  This 
is  shown  by  a  titration  curve  of  a  mixture  containing  sulfuric 
acid  and  acetic  acid  by  sodium  hydroxide  in  G-H  medium 
(Figure  5,  B).  Surprisingly,  sulfuric  acid,  unlike  in  water,  shows 
two  inflections  corresponding  to  its  two  dissociable  hydrogen 
atoms.  The  first  neutralization  occurs  around  apparent  pH  1.5 
and  is  not  very  sharp,  whereas  the  second  or  complete  neutraliza¬ 
tion  occurs  around  apparent  pH  4  and  the  latter  inflection  is  only 
moderately  sharp,  far  less  than  the  other  mineral  acids.  The 
third  inflection  occurs  as  usual  around  apparent  pH  10,  corre¬ 
sponding  to  the  complete  neutralization  of  all  acids.  A  better 
method  in  such'case  will  be  to  determine  the  total  acid  by  neutrali¬ 
zation  with  sodium  hydroxide  in  water  or  alcohol  and  then  to 
estimate  the  sodium  salt  of  the  organic  acid  by  direct  titration 
in  G-H  medium  after  evaporating  off  the  water  or  alcohol  used 
for  the  above  total  acid  titration. 
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Another  application  could  be  made  in  the  determination  of  the 
equivalent  weight  of  an  organic  acid  without  isolating  it  in  the 
pure  state.  The  sodium  salt  of  the  acid  could  be  treated  in 
aqueous  or  aqueous-alcoholic  medium  with  excess  of  calcium 
chloride  solution  and  the  precipitated  calcium  salt  dried  and  its 
•equivalent  weight  determined  by  direct  titration  in  G-H  medium. 
A  slight  change  of  procedure  is  convenient  here.  The  metallic 
soap  is  to  be  treated  with  chloroform  first  and  after  a  little  swell¬ 
ing  is  treated  with  propylene  glycol  to  effect  solution.  The  solu¬ 
tion  can  then  be  titrated  as  usual.  A  sample  of  lauric  acid 
(Eastman  Kodak)  treated  by  this  method  gave  as  equivalent 
weight  for  the  calcium  salt,  220.5  (theoretical,  219.23). 

Various  other  applications,  depending  on  the  basic  fact  that  we 
can  clearly  distinguish  analytically  a  strong  acid  from  a  weak  acid 
and  a  free  base  from  a  combined  base  by  direct  titration  in  a 
glycolic  medium,  can  be  easily  made  in  other  suitable  cases. 

CONCLUSIONS 

The  subject  of  acidimetry  and  alkalinity  in  organic  solvents 
has  hitherto  not  been  systematically  pursued.  Data  indicate 
that  highly  interesting  and  useful  results  are  obtainable  from  this 
field  and  a  long  way  is  to  be  gone  before  these  results  can  be 
brought  in  line  with  the  standard  data  obtained  in  water,  so  that 
a  unified  theoretical  presentation  is  possible.  Two  types  of 
study  are  needed.  First,  it  is  necessary  to  fix  up  a  pH  scale  in 
glycolic  solvents  with  the  help  of  a  reversible  hydrogen  electrode 
and,  second,  we  must  have  data  about  the  performance  of  the 
usual  acid-base  indicators  in  the  common  organic  solvents  with 
respect  to  their  sensitivity  to  all  types  of  acids  and  bases.  The 
glycolic  solvents  and  their  mixtures  particularly  recommend 
themselves  for  our  first  study,  since  they  behave  more  closely  to 
water  than  any  other  organic  solvent,  have  fairly  high  solubility 
for  salts,  and  are  expected  to  be  well  suited  to  the  functioning  of 


reversible  electrodes.  The  prospect  seems  definite  that  such  a 
study  will  produce  many  newer  and  better  methods  of  analysis 
and  a  more  thorough  understanding  of  the  behavior  of  solvents. 

Another  fruitful  line  of  study  involving  organic  solvents  in 
analytical  chemistry  remains  practically  untouched.  The  precipi¬ 
tation  in  gravimetric  analysis  is  often  attended  with  colloid 
formation  and  adsorption,  to  obviate  which  careful  control  of  pH 
and  other  conditions  is  necessary.  It  is  likely  that  by  addition  of 
suitable  organic  solvents  better  and  easier  control  might  be 
achieved,  as  in  some  cases  of  electrode  position.  It  is  also 
imaginable  that  some  easier  methods  of  separation  and  analysis 
using  some  organic  solvents  as  the  medium  might  come  out  of 
such  studies. 
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Determining  the  Moisture  Equilibrium  Curves 
of  Hygroscopic  Materials 

WILLMER  A.  WINK,  The  Institute  of  Paper  Chemistry,  Appleton,  Wis. 


THE  wartime  packaging  of  rations  and  foods  for  the  armed 
services  and  civilians  has  required  extensive  use  of  paper, 
paperboard,  and  other  flexible  packaging  materials.  The  pro¬ 
jection  of  moisture-sensitive  products  by  nonhermetically  sealed 
•containers  has  aroused  increased  interest  in  the  relationship  of 
imoisture  content  to  equilibrium  relative  humidity.  In  anticipa¬ 
tion  of  such  work  at  the  institute,  a  new  procedure  for  obtaining 
sorption  data  was  developed,  the  general  principle  of  which  was 
•described  by  Gane  {2).  The  method  requires  a  minimum  of  un- 
•common  apparatus,  conditioning  equipment,  and  technique. 
•  Specimens  of  adequate  size  may  be  used  and  data  for  complete 
sorption  and  desorption  isotherms  may  be  obtained  simultane¬ 
ously. 

The  procedure  consists  in  suspending  specimens  in  small  closed 
vessels  in  which  the  relative  humidity  is  controlled  by  saturated 
rsalt  solutions.  The  number  of  test  units  is  determined  by  the 
number  of  points  desired  on  the  sorption  isotherms  and  an  ap¬ 
propriate  number  of  salt  solutions  is  used.  The  specimen  is  sus¬ 
pended  in  the  vessel  by  a  rod  which  passes  through  a  hole  in  the 
•  cover  of  the  vessel  and  can  be  attached  to  the  pan  hook  of  an 
analytical  balance  to  permit  weighing  the  specimen  without  re¬ 
moval  from  the  conditioned  atmosphere.  The  hole  in  the  top  of 
the  dish  is  sealed  except  during  the  weighing  operation.  All  the 
•  operations  are  carried  od  in  a  room  of  controlled  temperature. 

Figure  1  is  a  photograph  of  a  glass  test  unit  in  weighing  position 
i  in  a  balance.  The  left-hand  balance  pan  has  been  removed  and 


a  can  with  an  appropriate  slot  has  been  inverted  over  the  pan 
arrest  to  act  as  a  platform  for  the  unit. 

Figure  2  is  a  schematic  diagram  of  the  glass  test  unit  in  normal 
storage  position. 

The  specimen  is  normally  held  in  a  93  X  18  mm.  Petri  dish  and 
is  uniformly  distributed  over  the  bottom  of  the  dish.  This  dish 
is  supported  by  a  bracket  made  from  0.6-cm.  (0.025-inch)  alumi¬ 
num  sheet.  The  bracket  is  8.1  cm.  (3.25  inches)  long  and  1.25 
cm.  (0.5  inch)  wide;  it  is  bent  to  fit  the  dish  snugly.  This 
bracket  is  fastened  to  the  threaded  end  of  a  0.23-cm.  (0.092-inch) 
diameter  brass  rod  by  means  of  two  2-56  brass  nuts.  The  top 


Table  I.  Equilibrium  Relative  Humidities  for  Saturated  Salt  Solutions 


Relative  Humidity,  % 


Chemical 

Formula 

co 

0 

86°  F. 

100°  F. 

Ammonium  phosphate 

NH,H,PO, 

92.9 

92.0 

91.1 

Potassium  chromate 

K2CrO< 

86.5 

86.3 

85.6 

Ammonium  sulfate 

(NH4)2SO( 

80. 1 

79.6 

79.1 

Sodium  chloride 

NaCl 

75.5 

75.2 

75.1 

Sodium  acetate 

NaC2H302 

74.8 

71.4 

67.7 

Sodium  nitrite 

NaNOj 

64.8 

63.3 

61.8 

Sodium  bromide 

NaBr 

58  5 

56.3 

53.7 

Sodium  dichromate 

Na2Cr2C>7 

54.1 

52.0 

50.0 

Magnesium  nitrate 

ME(N03)2 

53.5 

51.4 

49.0 

Potassium  nitrite 

KNOj 

48.6 

47.2 

45.9 

Calcium  nitrate 

Ca(NOj)2 

51.8 

46.6 

38.9 

Potassium  thiocyanate 

KCNS 

46.6 

43.7 

41.1 

Potassium  carbonate 

K2CO3 

43.9 

43  5 

43.4 

Chromium  trioxide 

Cr03 

39.2 

40.0 

40.2 

Magnesium  chloride 

MgCh 

32.9 

32.4 

31.9 

Potassium  acetate 

kc2h3o2 

22.9 

22  0 

20.4 

Lithium  chloride 

LiCl 

11.1 

11.2 

11.1 
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Figure  1.  Glass  Test  Unit  in  Weighing  Position 


The  glass  test  unit  permits  visual  inspection  of  the  specimen 
during  the  test;  this  is  a  convenience  in  testing  foods  and  other 
materials  for  which  the  caking  point,  or  other  critical  behavior,  is 
of  interest. 

Table  I  lists  the  equilibrium  relative  humidities  for  a  number 
of  saturated  salt  solutions  at  73°,  86°,  and  100°  F.  (1 ). 

PROCEDURE 

The  number  of  specimens  and  their  initial  conditioning  vary 
with  the  purpose  of  the  test.  If  a  complete  sorption  isotherm  is 
contemplated,  it  is  necessary  to  dry  the  specimens,  before  as¬ 
sembling  the  test  units,  to  a  moisture  content  lower  than  that 
corresponding  to  the  first  point  desired  on  the  curve.  The  num¬ 
ber  of  specimens  depends  on  the  number  of  points  considered 
desirable  in  defining  the  isotherm.  For  many  purposes,  six  to 
ten  points  are  sufficient.  A  corresponding  number  of  saturated 
salt  solutions  having  equilibrium  relative  humidities  appropri¬ 
ately  distributed  through  the  range 
from  10  or  15%  to  somewhat  over 
90%  are  needed.  If  a  desorption 
isotherm  is  wanted,  the  specimens 
must  be  wet  or  conditioned  at  a 
high  relative  humidity  before  be¬ 
ginning  the  tests.  On  occasion, 
complete  isotherms  are  not 
needed;  the  purpose  is  served  by 
determining  the  moisture  contents 
at  two  or  three  different  relative 


end  of  the  rod  is  bent  into  a  flat 
hook  for  convenient  suspension 
from  the  pan  hook  of  a  balance  or 
from  the  counterpoise  used  with 
a  magnetic  damping  device,  as 
shown  in  Figure  1.  The  over-all 
length  of  the  rod,  8.1  cm.  (3.25 
inches),  is  arbitrary  and  depends 
upon  the  depth  of  the  test  unit 
and  the  height  of  the  platform 
upon  which  the  unit  rests  when  in 
the  balance.  A  brass  cone  is  drilled, 
slipped  on  the  rod,  and  soldered  in 
place  with  the  small  end  down  and 
at  a  distance  of  2.5  cm.  (1  inch) 
from  the  bottom  end  of  the  rod.  This  cone  is  cut  from  a  0.6-cm. 
(0.25-inch)  brass  rod  and  has  a  half-angle  of  approximately  30 

The  top  of  the  test  unit  is  a  13.75-cm.  (5.5-inch)  square  of 
double-strength  window  glass.  A  0.47-cm.  (3/J6-inch)  hole  is 
cut  0.6  cm.  (0.25  inch)  off  center  on  a  line  perpendicular  to  one 
edge  of  the  plate  and  passing  through  its  center.  This  off-center 
position  is  necessary  because  of  space  limitations  in  a  typical 
analytical  balance.  In  particular  cases,  it  may  be  necessary  to 
position  this  hole  farther  from  the  center  of  the  plate.  The  brass 
cone  is  normally  seated  in  the  hole  of  the  glass  plate  to  seal  the 
hole  against  passage  of  water  vapor  and  to  support  the  suspended 
system.  The  top  edge  of  the  hole  on  which  the  cone  rests  should 
be  free  from  serious  flaws.  If  a  chipped  edge  results  from  the 
drilling  operation,  the  edge  should  be  ground  lightly  with  Car¬ 
borundum,  using  a  brass  cone  of  the  type  described.  No  sealing 
grease  is  employed  in  the  zone  of  contact  between  the  brass  cone 
and  the  hole  in  the  glass  cover.  The  slight  leak  of  water  vapor 
through  the  zone  has  a  negligible  effect  on  the  relative  humidity 
in  the  vessel. 

The  main  body  of  the  test  unit  is  a  125  X  65  mm.  crystallizing 
dish.  The  top  edge  of  the  dish  is  ground  on  a  flat'  surface — 
e.g.,  plate  glass — with  Carborundum  to  remove  irregularities. 
The  ground  edge  is  lightly  greased  with  Celvacene  (Distillation 
Products,  Inc.).  This  film  of  grease  effects  a  good  seal  between 
the  ground  edge  of  the  crystallizing  dish  and  the  glass  plate  when 
the  unit  is  subsequently  assembled. 

Approximately  40  cc.  of  a  saturated  salt  solution,  having  the 
desired  equilibrium  relative  humidity,  are  poured  into  the  bottom 
of  the  crystallizing  dish.  An  excess  of  the  salt  is  transferred  to 
the  dish  to  ensure  a  saturated  condition  of  the  solution  while  the 
test  is  carried  out.  In  obtaining  data  for  a  desorption  isotherm, 
where  moisture  is  removed  from  the  specimen  and  transferred  to 
the  saturated  solution,  it  is  advisable  to  have  mounds  of  the  ex¬ 
cess  salt  exposed  above  the  level  of  the  solution. 


humidities. 

Since  the  detailed  procedure  for 
obtaining  sorption  data  depends 
largely  upon  the  purpose  of  the 
test  and  the  type  of  material  to 
be  tested,  it  is  beyond  the  scope 
of  this  discussion  to  cover  the 
many  phases  involved  in  obtaining 
such  data.  The  following  discus¬ 
sion  is  therefore  limited  and  pre¬ 
sents  only  the  procedure  for  the 
assembly  and  weighing  operation 
of  the  test  units. 

A  unit  is  temporarily  assembled  to  obtain  its  tare.  An  empty 
Petri  dish  is  placed  in  the  bracket  of  the  suspending  device  and 
the  glass-plate  cover  is  placed  on  a  crystallizing  dish.  The  zero 
of  the  balance  is  noted  and  adjusted  if  necessary.  The  left-hand 
pan  is  removed  from  the  balance  and  the  platform  is  placed  in 
position  straddling  the  pan  arrest.  The  unit  is  placed  on  the 
platform  and  the  hooked  rod  is  lifted  and  gently  engaged  with 
the  pan  hook  or  with  the  eye  of  the  counterpoise  weight.  The 
unit  is  then  adjusted  in  position  on  the  platform  until  the  rod 
hangs  freely  through  the  hole  in  the  glass  plate.  The  combined 
weight  of  the  suspending  device  and  the  empty  Petri  dish  is  then 
determined  and  recorded.  The  rod  is  unhooked  and  the  unit  is 
removed  from  the  balance. 

To  insert  the  specimen  and  start  the  test,  the  cover  of  the  unit 
is  removed,  the  Petri  dish  is  taken  from  the  bracket,  and  a  speci¬ 
men  is  evenly  distributed  over  the  bottom  of  the  dish.  For  ma¬ 
terials  which  are  very  hygroscopic  it  may  be  desirable  to  replace 
the  Petri  dish  with  a  shallow  weighing  bottle.  Then  the  mois¬ 
ture  content  of  the  specimen  can  be  determined  in  the  same  dish 
which  is  used  to  obtain  the  sorption  data.  The  Petri  dish  is  re¬ 
turned  to  its  bracket,  a  film  of  grease  is  applied  to  the  ground 
edge  of  the  crystallizing  dish,  and  the  saturated  salt  solution, 
giving  the  desired  relative  humidity,  is  poured  in  the  bottom  of 
the  crystallizing  dish.  The  cover  is  replaced  on  the  crystalliz¬ 
ing  dish  and  pressed  lightly  into  continuous  contact  with  the 
greased  ground  edge.  The  unit  is  then  placed  on  a  storage  shelf 
until  time  for  weighing.  The  specimens  in  the  test  units, are 
weighed  in  the  manner  described  at  approximately  24-hour  in¬ 
tervals  until  the  weights  become  constant. 

LITERATURE  CITED 

(1)  American  Paper  and  Pulp  Association,  Report  40  (Feb.  15,  1945). 

(2)  Gane,  J.  Soc.  Chem.  Ind.,  60,  44  (1941). 


Simultaneous  Determination  of  Ethylene 
and  1,2-Propylene  Glycols 
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Ethylene  and  1,2-propylene  glycols  can  be  determined  simultane¬ 
ously  by  periodate  oxidation  to  formaldehyde  and  acetaldehyde 
which  are  determined  polarographically  after  a  simple  distillation. 

The  method  is  applicable  to  the  analysis  of  mixtures  of  formaldehyde 
and  acetaldehyde  as  well  as  to  the  determination  of  other  substances 
which  form  these  aldehydes  on  treatment.  The  principal  limitation 
of  the  method  is  that  there  must  not  be  formed  any  other  volatile 
substances  polarographically  reducible  under  the  same  conditions 
as  the  aldehydes. 

ALTHOUGH  several  methods  for  the  quantitative  deter¬ 
mination  of  glycols  have  been  described  in  the  literature, 
little  attention  has  been  given  to  their  determination  in  mixtures 
of  each  other.  Those  methods  that  have  been  used  involve 
tedious  and  time-consuming  procedures.  It  seemed  desirable, 
therefore,  to  obtain  a  simple  and  rapid  method  for  quantitatively 
determining  the  amounts  of  ethylene  and  1,2-propylene  glycols 
in  the  presence  of  one  another. 

The  method  described  in  this  paper  consists  essentially  of 
oxidizing  the  glycol  mixture  with  periodic  acid  to  give  formalde¬ 
hyde  and  acetaldehyde  according  to  the  following  equations: 

CH2OH.CH2OH  +  HI04  — >-  2HCHO  +  HI03  +  H20 

CH3.CHOH.CH2OH  +  HIO, — > 

HCHO  +  CH3.CHO  +  HIO3  +  H20 

The  resulting  aldehydes  are  then  determined  polarographically. 

From  an  examination  of  the  equations  of  the  reaction,  it  is 
seen  that  the  acetaldehyde  content  gives  a  measure  of  the  pro¬ 
pylene  glycol  concentration.  The  ethylene  glycol  can  be  esti¬ 
mated  by  deducting  the  formaldehyde  produced  by  the  oxidation 
of  propylene  glycol  from  the  total  amount  of  formaldehyde  found 
in  the  mixture. 

Johnson  (5)  determined  2,3-butylene  glycol  by  oxidizing  it 
with  potassium  periodate  in  an  acid  medium  to  give  acetaldehyde. 
This  was  distilled  into  a  standard  bisulfite  solution  to  form  the 
bisulfite  addition  product,  which  was  subsequently  determined 
by  titration  of  the  bound  bisulfite  with  standard  iodine  solution. 
Hoepe  and  Treadwell  (3)  described  a  method  utilizing  the  Mala- 
prade  reaction  for  the  determination  of  glycerol,  ethylene  glycol, 
and  1,2-propylene  glycol  in  mixtures.  The  resulting  formic  acid, 
total  aldehyde,  and  formaldehyde  were  determined  titrimetri- 
cally  on  aliquots  of  the  oxidized  solution.  Mixtures  of  formalde¬ 
hyde  and  acetaldehyde  were  determined  by  Ionescu  and 
Slusanschi  (4)  using  dimedon  (dimethyldihydroresorcinol)  as  a 
precipitant,  and  noting  the  length  of  time  required  for  the 
crystals  to  appear. 

Boyd  and  Bambach  ( 1 )  described  a  polarographic  method  for 
the  determination  of  formaldehyde  as  a  step  in  the  procedure  for 
the  determination  of  serine  in  protein  hydrolyzates.  The 
method  consisted  of  treating  the  hydrolyzate  with  periodic  acid, 
quantitatively  separating  the  resulting  formaldehyde  by  dis¬ 
tillation,  and  determining  it  polarographically  using  0.05  N 
potassium  hydroxide  in  0.1  N  potassium  chloride  as  the  support¬ 
ing  electrolyte  solution.  The  effect  of  the  presence  of  other  alde¬ 
hydes  such  as  acrolein,  acetaldehyde,  and  propionaldehyde  on 
the  determination  of  formaldehyde  was,  investigated  by  Whit- 
nack  and  Moshier  (6).  They  found  that  the  most  satisfactory  . 
results  are  obtained  in  0.1  N  lithium  hydroxide  containing 
0.01  N  lithium  chloride  at  constant  temperature  and  constant 
pH  without  the  removal  of  dissolved  oxygen. 


EXPERIMENTAL 

The  procedure  for  the  polarographic  determination  of  formal¬ 
dehyde  in  the  presence  of  acetaldehyde  as  previously  described 
by  Whitnack  and  Moshier  was  followed  in  this  study.  A  solu¬ 
tion  consisting  of  0.1  A  lithium  hydroxide  in  0.01  N  lithium  chlo¬ 
ride  was  used  as  the  supporting  electrolyte  medium.  It  was  not 
necessary  to  add  a  maximum  suppressor,  inasmuch  as  no  maxi¬ 
mum  was  found  to  occur  under  the  conditions  used. 

Preliminary  studies  revealed  that  the  formaldehyde  wave  ap¬ 
peared  at  —1.45  to  —1.58  volts  (dropping  mercury  electrode 
vs.  pool)  and  the  acetaldehyde  wave  appeared  at  — 1.65  to  — 1.85 
volts  under  the  conditions  of  pH,  concentration  range,  and 
capillary  used.  In  the  actual  determination,  it  was  found  neces¬ 
sary  only  to  determine  the  galvanometer  readings  at  a  point  be¬ 
fore  the  appearance  of  the  formaldehyde  wave,  —1.400  volts,  at 
the  height  of  the  formaldehyde  wave,  —1.610  volts,  and  at  the 
height  of  the  acetaldehyde  wave,  —1.890  volts.  These  are  the 
only  points  required  for  the  quantitative  determination  of  the 
aldehyde  content  of  the  mixture  resulting  from  the  oxidation  of 
the  glycols. 

It  was  found  that  the  height  of  the  acetaldehyde  wave  de¬ 
creased  markedly  (approximately  15%  after  1  hour)  when  al¬ 
lowed  to  stand  in  contact  with  the  alkaline  electrolyte  solution. 
The  formaldehyde  on  the  other  hand  was  only  slightly  affected 
(approximately  5%  decrease  after  1  hour).  For  this  reason,  and 
also  because  of  the  volatilization  of  the  acetaldehyde  while  in  the 
polarographic  cell,  all  determinations  were  made  after  standing 
in  contact  with  the  base  solution  in  the  cell  for  the  same  length 
of  time  (5  to  10  minutes) . 

MATERIALS  AND  APPARATUS 

Glycols.  Pure  ethylene  glycol  (Coleman  and  Bell  Co.)  and 
redistilled  1,2-propylene  glycol  (Eastman  Kodak  Co.)  were  used. 
The  refractive  indices  and  the  specific  gravities  of  the  glycols 
checked  the  values  reported  in  the  literature. 

Aldehydes.  A  stock  standard  solution  of  formaldehyde 
(0.795  mg.  per  ml.)  was  prepared  from  commercial  formalin  and 
standardized  by  the  hydrogen  peroxide  method.  A  stock  stand¬ 
ard  solution  of  acetaldehyde  (0.470  mg.  per  ml.)  was  prepared  by 
weighing  a  sample  of  pure  acetaldehyde  in  an  ampoule  and  di¬ 
luting  to  a  definite  volume  with  distilled  water;  the  acetalde¬ 
hyde  was  purified  by  distillation  through  an  efficient  distillation 
column. 

Periodic  Acid.  An  approximately  0.5  N  solution  was  pre¬ 
pared  by  dissolving  11  grams  of  periodic  acid  (The  G.  Frederick 
Smith  Chemical  Co.)  in  distilled  water  and  diluting  to  100  ml. 
The  solution  was  stored  in  a  dark  glass-stoppered  bottle. 

Base  Solution.  This  consisted  of  a  1  AT  lithium  hydroxide 
solution  in  0.1  N  lithium  chloride. 

Polarograph.  The  Fisher  Elecdropode  was  used  in  this 
work  and  all  measurements  were  made  at  one  tenth  of  the  gal¬ 
vanometer  sensitivity.  The  polarographic  cell  was  a  water- 
jacketed  cell  of  about  35-ml.  capacity  connected  in  series  through 
a  small  circulating  pump  with  a  constant-temperature  bath 
thermostatically  controlled  at  ±0.2°  C. 

Distilling  Apparatus.  A  simple  distilling  apparatus  was 
used  consisting  of  a  semimicro  100-ml.  Kjeldahl  flask,  a  spray 
trap,  a  vertical  condenser  about  30  cm.  in  length,  and  a  water 
bath  for  cooling  the  receiver. 

PROCEDURE 

Periodic  Acid  Oxidation.  An  aqueous  solution  of  the 
glycol  mixture  containing  approximately  5  to  20  mg.  of  each  of 
the  glycols  is  pipetted  into  a  100-ml.  Kjeldahl  flask,  and  approxi¬ 
mately  3  ml.  of  the  periodic  acid  solution  are  added,  with  suffi¬ 
cient  water  to  bring  the  total  volume  to  about  60  ml.  A  few 
glass  beads  are  introduced  into  the  flask  to  prevent  bumping. 

The  Kjeldahl  flask  is  placed  in  an  upright  position  and  con¬ 
nected  to  the  distilling  unit.  A  deep  receiver  flask — e.g.,  a 
Pyrex  test  tube,  45  X  190  mm. — containing  75  ml.  of  distilled 
water  is  used  to  absorb  the  aldehydes  and  to  cover  the  end  of  the 
condenser  to  a  height  of  several  centimeters.  In  order  to  mini¬ 
mize  any  loss  of  acetaldehyde  due  to  volatilization,  the  receiver 


253 


254 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  18,  No.  4 


is  placed  in  an  ice-water  bath  and'  kept  cold  throughout  the 
course  of  the  distillation. 

The  contents  of  the  reaction  flask  are  heated,  gently  at  first, 
and  the  solution  is  distilled  over  at  a  rate  of  3  to  4  ml.  per  minute 
until  about  5  ml.  remain  in  the  Kjeldahl  flask.  Near  the  end  of 
the  distillation,  the  receiver  flask  is  lowered  so  that  the  end  of 
the  condenser  no  longer  extends  below  the  surface  of  the  liquid 
in  the  receiver.  After  the  distillation  is  complete,  the  end  of  the 
condenser  is  rinsed  with  distilled  water.  The  distillate  is  then 
quantitatively  transferred  to  a  250-ml.  volumetric  flask,  care 
being  taken  not  to  exceed  a  total  volume  of  225  ml.  The  alde¬ 
hyde  solution  can  be  kept  in  this  manner  until  ready  for  the 
polarographic  measurements. 

Polarographic  Analtsis.  Immediately  prior  to  the  polaro¬ 
graphic  determination  of  the  aldehydes,  25  ml.  of  the  1  N  lithium 
hydroxide  solution  in  0.1  N  lithium  chloride  are  added  to  the 
distillate  in  the  volumetric  flask  and  the  contents  are  diluted  to 
the  mark.  In  this  way,  the  resulting  solution  has  a  concentration 
of  0.1  N  lithium  hydroxide  in  0.01  N  lithium  chloride. 

This  practice  seemed  most  advisable,  since  condensation  of 
aldehydes  is  rapid  in  the  presence  of  strong  alkalies.  By  adding 
the  base  solution  to  the  aldehyde  mixture  in  the  manner  pro¬ 
posed,  the  time  of  contact  of  the  aldehydes  with  the  lithium  hy¬ 
droxide  is  reduced  to  a  minimum. 

The  polarographic  cell  and  electrodes  are  rinsed  several  times 
with  the  solution  to  be  analyzed.  A  sample  of  the  solution  is 
then  placed  in  the  cell  and  allowed  to  come  to  constant  tem¬ 
perature.  After  a  definite  length  of  time  has  elapsed  from  the 
moment  of  the  addition  of  the  supporting  electrolyte  solution, 
the  galvanometer  deflections  at  applied  voltages  of  —1.890, 
—  1.610,  and  —1.400  volts  are  read.  The  height  of  the  acetalde¬ 
hyde  wave  is  the  difference  in  the  galvanometer  reading  between 
the  first  and  second  points;  the  height  of  the  formaldehyde  wave 
is  the  difference  between  the  second  and  third  points. 

These  wave  heights  are  then  compared  to  the  values  obtained 
from  a  250-ml.  solution  prepared  from  the  standard  aldehyde 
solutions.  The  concentrations  of  formaldehyde  and  acetalde¬ 
hyde  in  the  latter  solution  should  be  approximately  the  same  as 
those  in  the  sample  solution  polarographed,  though  in  the  latter 
case  it  is  not  necessary  to  submit  the  aldehydes  to  a  periodic 
acid  oxidation  or  distillation,  since  there  is  no  change  in  con¬ 
centration  as  a  result  of  such  treatment. 


CALCULATIONS 

1,2-Propylene  Glycol. 

TJ 

Weight  in  sample,  mg.  =  Wp  =  ~  X  V  X  (\  X  77 

n  i  44 

1.727  X  V  X  Ha  X  C. 

H, 

where  C,  =  mg.  of  acetaldehyde  per  ml.  of  stock  standard 
solution 

V  =  volume  in  ml.  of  stock  standard  acetaldehyde 

solution  taken 

Ha  =  acetaldehyde  wave  height  from  periodic  acid  oxi¬ 
dation  of  glycol  mixture 
H,  =  acetaldehyde  wave  height  of  standard 

Per  cent  by  weight  =  ^^JFP 
o 

where  S  =  weight  of  sample  in  mg. 

Ethylene  Glycol. 

Weight  in  sample,  mg.  =  We  = 

1MX  VXt  H,  X  C.'  _  0408Wp 

where  Wp  =  mg.  of  1,2-propylene  glycol  in  sample 

C,'  =  mg.  of  formaldehyde  per  ml.  of  stock  standard 
solution 

V  =  volume  in  ml.  of  stock  standard  formaldehyde 

solution  taken 

H/  =  formaldehyde  wave  height  from  periodic  acid 
oxidation  of  glycol  mixture 
H,'  =  formaldehyde  wave  length  of  standard 


Per  cent  by  weight 


100  IF. 

S 


where  S  =  weight  of  sample  in  mg. 


DISCUSSION 

The  values  obtained  at  three  different  temperatures  indicates 
that,  within  the  range  of  20°  to  30°  C.,  the  height  of  the  formal¬ 
dehyde  wave  increases  approximately  6.5%  for  each  1°  C.  rise 
in  temperature.  This  is  in  agreement  with  the  observation  of 
Boyd  and  Bambach  ( 1 ).  The  acetaldehyde  wave  height,  how¬ 
ever,  increases  only  approximately  1.5  to  2.0%  per  degree  rise 
in  temperature,  which  is  the  same  as  that  found  by  Elving  and 
Rutner  (2). 

The  data  obtained  in  these  studies  indicate  that,  under  the 
conditions  used,  there  is  a  linear  relationship  between  the  height 
of  the  wave  and  the  corresponding  aldehyde  content  of  the  solu¬ 
tion  resulting  from  the  action  of  periodic  acid  on  the  glycol  mix¬ 
ture. 

Using  synthetic  mixtures  of  the  pure  glycols  an  average  pre¬ 
cision  and  accuracy  of  better  than  1.5%  was  obtained  for  propy¬ 
lene  glycol  and  2.2%  for  the  ethylene  glycol. 

It  is  important  that  any  material  capable  of  being  oxidized  by 
periodic  acid  to  give  formaldehyde  or  acetaldehyde  be  absent. 
This  includes  such  substances  as  a-amino  alcohols,  hydroxyamino 
acids  (serine  and  threonine),  and  polyalcohols  (glucose  and  other 
sugars).  Monohydroxy  alcohols,  in  general,  such  as  methanol 
or  ethanol  do  not  affect  the  determination. 

The  polarographic  method  described  need  not  necessarily  be 
limited  to  the  determination  of  mixtures  of  glycols  but  can  also 
be  successfully  applied  to  the  determination  of  formaldehyde  and 
acetaldehyde  in  mixtures  and  to  the  determination  of  substances 
which  form  these  aldehydes  on  oxidation — e.g.,  a  mixture  con¬ 
taining  1,2-propylene  glycol  and  glycerol.  The  real  limitation 
of  the  technique  described — oxidation  to  formaldehyde  and  acet¬ 
aldehyde,  separation  of  the  aldehydes,  and  polarographic  meas¬ 
urement  of  the  aldehyde  content — is  that  there  be  absent  and 
not  produced  any  volatile  substances  polarographically  reducible 
'in  the  same  potential  range  as  the  aldehydes  under  the  condi¬ 
tions  used. 

Representative  data  on  the  analysis  of  mixtures  of  ethylene 
glycol  and  1,2-propylene  glycol  in  the  manner  described  are  given 
in  Table  I. 


Table  I.  Simultaneous  Determination  of  Ethylene  Glycol  and  1,2- 
Propylene  Glycol  in  Synthetic  Mixtures 


Ethylene  Glycol  Propylene  Glycol 


Present 

Found 

Error 

Present 

Found 

Error 

Mg. 

Mg. 

% 

Mg. 

Mg. 

% 

4.31 

4.28 

-0.7 

8.26 

8.13 

-1.6 

4.31 

4.53 

+5.1 

16.52 

16.50 

-0.1 

4.31 

4.34 

+0.7 

16.52 

16.72 

+  1.3 

8.62 

8.95 

+3.8 

16.52 

16.43 

-0.2 

8.62 

8.55 

-0.8 

16.52 

16.71 

+  1.1 

8.62 

8.25 

-4.3 

16.52 

17.02 

+2.8 

10.94 

11.02 

+0.7 

(15.  16) 

10.94 

10.66 

-2.5 

15.  16 

15.38 

+  1.4 

10.94 

10.91 

—  C.  3 

15. 16 

15.52 

+  2.4 

10.94 

10.98 

+0.4 

15. 16 

15.26 

+0.7 

10.94 

10.98 

+0.4 

15. 16 

15. 18 

+0.1 

10.94 

10.60 

-3.1 

22.74 

22.55 

-1.1 

16.41 

15.93 

-2.9 

15. 16 

14.91 

-1.6 

16.41 

17.34 

+  5.7 

22.74 

23.02 

+  1.1 

Av. 

±2.2 

±1.3 
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Colorimetric  Determination  of  Iron 

In  the  Presence  of  Large  Concentrations  of  Copper  and  Nickel 

R.  H.  GREENBURG,  Phelps  Dodge  Refining  Corp.,  Maspeth  P.  O.,  N.  Y. 


The  usefulness  of  disodium-1 ,2-dihydroxybenzene-3, 5-disulfonate 
as  a  chromogenic  reagent  for  the  determination  of  iron  has  been  ex¬ 
tended.  A  technique  has  been  applied  which  allows  estimation 
of  iron  in  the  presence  of  large  quantities  of  copper  and  nickel.  As 
little  as  0.025%  iron  in  blue  vitriol  can  be  estimated  without  prior 
separations. 

yOE  and  Jones  ( 2 )  proposed  the  use  of  disodium-1, 2-dihy- 
droxybenzene-3, 5-disulfonate  (tiferron)  as  a  colorimetric 
reagent  for  the  estimation  of  ferric  iron.  They  found  that 
comparatively  large  concentrations  of  a  number  of  diverse  ions 
offer  no  interference,  but  that,  in  the  presence  of  1.0  p.p.m.  of 
iron,  the  copper  concentration  must  be  less  than  25.0  p.p.m. 

In  the  writer’s  laboratory,  iron  determinations  are  made  on  a 
considerable  number  of  liquors  incident  to  the  electrolytic  refin¬ 
ing  of  copper.  These  liquors  contain  comparatively  small 
amounts  of  iron  in  the  presence  of  sulfuric  acid,  arsenic,  anti¬ 
mony,  up  to  18%  copper,  and  up  to  8%  nickel.  In  addition, 
small  percentages  of  iron  are  determined  in  blue  vitriol  samples. 

A  method  which  would  permit  iron  estimations  without  prior 
separations  of  the  copper  and  nickel  would  have  obvious  ad¬ 
vantages.  Silverthorn  and  Curtis  ( 1 )  determined  chromium  in 
the  presence  of  manganese  which  interferes  at  the  wave  length 
employed.  They  measured  the  total  absorption  caused  by  the 
manganese  and  chromium  together  and  then  corrected  for  the 
light  absorbed  by  the  manganese  alone.  Standard  curves  were 
used  for  this  purpose. 

It  was  the  purpose  of  this  investigation-  to  attempt  to  devise  a 
method  for  estimating  iron  in  the  presence  of  arsenic,  antimony, 
nickel,  and  copper,  using  the  technique  of  Silverthorn  and  Curtis 
as  a  basis  and  tiferron  as  the  chromogenic  reagent. 

APPARATUS 

All  the  optical  measurements  were  made  with  a  Coleman 
model  11  Universal  spectrophotometer  having  a  band  width  of 
35  m n.  Cylindrical  glass  cells  having  an  inside  diameter  of  16 
mm.  were  employed. 

SOLUTIONS 

Tiferron.  This  reagent  was  obtained  from  LaMotte  Chemi¬ 
cal  Products  Co.  An  aqueous  solution  containing  25  grams  per 
liter  was  used. 

Buffer.  This  solution  contained  20  grams  of  sodium  hydro¬ 
gen  carbonate  and  10  grams  of  sodium  carbonate  per  liter  of  solu¬ 
tion,  twice  the  strength  of  the  buffer  used  by  Yoe  and  Jones  (#). 
The  stronger  solution  was  used  in  order  to  obtain  the  proper  pH 
with  test  aliquots  containing  sulfuric  acid. 

Standard  Iron.  Analytical  grade  iron  wire  was  dissolved  in 
dilute  hydrochloric  acid.  The  solution  was  oxidized  with  bro¬ 
mine  water  and  the  excess  expelled  by  boiling.  The  solution  was 
made  up  to  1  liter  and  used  as  a  stock  solution. 

Standard  Nickel.  A  stock  solution  was  made  from  reagent 
grade  nickel  sulfate  crystals  having  an  iron  concentration  of 
0.0005%.  Its  exact  strength  was  determined  electrolytically. 

Standard  Copper.  A  stock  solution  was  made  from  reagent 
grade  copper  sulfate  pentahydrate  crystals.  Exact  strength  was 
determined  electrolytically.  Crystals  contained  0.00035%  iron. 

GENERAL  PROCEDURE 

Transfer  a  suitable  aliquot  to  a  50-ml.  volumetric  flask  and 
add  enough  tiferron  solution  to  take  care  of  all  the  copper,  nickel, 
and  iron  present.  Mix,  dilute  to  the  calibration  mark  with  the 
buffer  solution,  and  mix  thoroughly.  Transfer  a  portion  of  the 
solution  to  an  absorption  cell  and  measure  the  light  transmittancy 


at  500  m/x,  using  water  as  the  reference  solution.  Readings 
should  be  taken  within  4  minutes  following  the  addition  of  the 
buffer  solution.  The  per  cent  iron  is  read  from  tables,  prepared 
as  described  below. 

The  procedure  presupposes  some  knowledge  as  to  the  approxi¬ 
mate  concentrations  of  copper  and  nickel  in  the  sample.  If  the 
nickel  content  is  not  more  than  sixty  times  that  of  the  iron,  its 
effect  may  be  neglected. 

The  minimum  quantity  of  tiferron  required  for  the  test  is  deter¬ 
mined  by  the  amounts  of  iron,  copper,  and  nickel  present.  Ex¬ 
periments  have  shown  that  in  terms  of  dry  tiferron,  the  respective 
requirements  for  1  part  of  iron,  1  part  of  copper,  and  1  part  of 
nickel  are  40,  12,  and  1.25  parts.  These  quantities  are  somewhat 
in  excess  of  minimum  requirements.  It  has  been  found  that  an 
excess  of  the  reagent  has  no  effect  in  the  presence  of  copper  and 
iron  but  does  influence  the  results  to  a  negligible  extent  when 
nickel  is  present.  A  large  excess  of  the  reagent  should  be 
avoided  because  of  its  cost. 

WAVE  LENGTH-TRANSMITTANCy  RELATIONS 

The  wave  length-transmittancy  characteristics  for  iron,  cop¬ 
per,  and  nickel  are  shown  in  Figure  1.  The  respective  concen¬ 
trations  used  for  these  tests  were  0.050,  15.0,  and  49.0  mg.  per  50 
ml. 

It  will’ be  noted  that  the  shapes  of  the  nickel  and  copper  curves 
are  similar  and  differ  from  that  of  the  iron  curve.  The  maximum 
absorption  for  iron  corresponds  to  a  wave  length  of  about  490 
him,  which  is  close  to  the  500  established  for  the  testing  work. 
The  absorption  minima  for  copper  and  nickel  are  in  the  neighbor¬ 
hood  of  550  m^. 
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Figure  1.  Transmittancy  Curves  for  Nickel,  Iron,  and  Copper 
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Type  of 
Material 

A  liquor 

B  liquor 

C  liquor 

D  liquor 

E  liquor 

Blue  vitriol 

Table  1.  Aliquot 

Initial 

Sample  Dilution 

Weight  Volume 

Grams  '  Ml. 

5.0  200 

5.0  200 

5.0  200 

5.0  200 

5.0  200 

25.0  500 

Schedule 

Volume 

of 

Aliquot 

Ml. 

2.0 

1.0 

1.0 

2.0 

1.0 

2.0 

Volume  Use 

of  Ti-  Sched- 

ferron  ule 

Ml. 

12  A 

2  B 

2  B 

8  A 

2  B 

14  C 

Table  II.  Iron  Schedule 

% 

%  Iron 

Transmittancy 

4%  Cu 

6%  Cu 

8%  Cu 

Schedule  A,  A  and  D  liquors 

50 

0.148 

0.136 

0.122 

49 

0.154 

0.142 

0.128 

48 

0.160 

0.148 

0.134 

47 

0.165 

0.153 

0.139 

Schedule  C,  Blue  Vitriol 

24%  Cu 

25%  Cu 

26%  Cu 

25 

0.045 

0.040 

0.035 

24 

0.050 

0.045 

0.040 

23 

0.056 

0.051 

0.046 

22 

0.062 

0.057 

0.052 

21 

0.069 

0.064 

0.059 

CONCENTRATION-TRANSMITTANCY  RELATIONS 

The  concentration-transmittancy  relations  were  investigated 
for  copper,  nickel,  and  iron  at  500  mp  (Figure  2).  The  procedure 
outlined  above  was  followed,  using  varying  quantities  of  the 
standard  solutions. 

The  curves  cut  the  vertical  axis  at  a  point  representing  96.5% 
transmittancy  instead  of  the  expected  100%,  because  water, 
rather  than  a  blank  containing  the  buffer  and  tiferron,  was  used 
as  the  reference  solution. 

It  will  be  seen  that  Beer’s  law  holds  for  nickel  and  iron,  while 
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Figure  2.  Transmittancy-Concentration  Curves  for  Nickel, 
Iron,  and  Copper 


there  is  a  considerable  deviation  corresponding  to  the  lower  con¬ 
centrations  of  copper. 

The  absorption  by  the  nickel  complex  is  comparatively  low  and 
its  effect  may  be  neglected  with,  respect  to  lower  concentrations. 

At  higher  nickel  concentrations,  corrections  should  be  applied 
for  the  nickel  present.  The  method  outlined  below  for  copper 
can  be  used.  Because  of  the  increase  in  light  absorption  with 
time,  readings  should  be  taken  within  4  minutes  after  addition 
of  the  buffer  as  recommended  in  the  general  procedure. 

The  colors  developed  by  copper  and  iron  are  relatively  stable, 
no  material  change  in  transmittancy  taking  place  over  the  first 
half  hour. 

Comparatively  high  concentrations  of  arsenic  and  antimony, 
both  trivalent  and  quinquevalent,  showed  no  fight  absorption 
at  500  m/x.  No  further  consideration  has,  therefore,  been  given 
these  elements. 

CORRECTION  FOR  COPPER  PRESENT 

The  presence  of  copper  in  a  sample  will  manifest  itself  by  an 
increase  in  the  fight  absorbed,  resulting  in  an  apparent  increase  in 
the  concentration  of  iron.  Readings  must  therefore  be  corrected 
for  the  copper  present. 

This  may  be  done  by  referring  to  the  copper  curve  in  Figure  2 
and  noting  the  transmittancy  corresponding  to  the  known  copper 
concentration.  Reference  is  then  made  to  the  iron  curve,  and 
the  iron  concentration  corresponding  to  this  transmittancy  is  the 
correction  for  the  copper  present.  This  correction  is  subtracted 
from  the  total  apparent  iron  equivalent  to  the  actual  instrument 
reading.  The  difference  is  equal  to  the  true  iron  concentration. 

An  example  will  make  this  clear.  Assume  that  an  aliquot 
contains  12  mg.  of  copper  and  that  the  instrument  reading  is  40. 
Reference  to  the  copper  curve  in  Figure  2  shows  that  the  percent¬ 
age  transmittancy  corresponding  to  12  mg.  of  copper  is  56. 
Reference  to  the  iron  curve  shows  that  56%  transmittancy  is 
equivalent  to  0.074  mg.  of  iron.  The  apparent  iron  equivalent 
to  the  actual  instrument  reading  of  40%  is  0.12  mg.  The  true 
iron  content  is  then  0.12  —  0.074  or  0.046  mg. 

As  an  aid  in  routine  work,  a  table  has  been  arranged  to  cover 
some  of  the  samples  tested  in  the  author’s  laboratory  showing 
the  dilution,  size  of  aliquot  to  be  taken,  and  volume  of  tiferron 
to  be  used.  In  addition,  tables  have  been  assembled  to  show 
the  concentration  of  iron  corresponding  to  various  instrument 
readings  and  corrected  for  a  number  of  different  copper  concen¬ 
trations.  Abbreviated  forms  are  represented  by  Tables  I  and  II. 

CHECKS  ON  KNOWN  MIXTURES 

Some  determinations  were  made  on  "synthetic”  mixtures  con¬ 
taining  varying  quantities  of  copper,  nickel,  and  iron  (Table  III). 

The  results  of  determinations  made  on  some  production  ma¬ 
terials  whose  iron  contents  had  previously  been  determined 
gravimetrically  are  shown  in  Table  IV. 

In  making  these  determinations,  a  quantity  of  the  sample  was 
transferred  to  a  beaker,  diluted  with  water,  and  5  ml.  of  1  to  4 


Table  III.  Iron  Checks  on  Synthetic  Mixtures 


Composition  of  Mixture 


Cu 

Ni 

Fe 

Fe  Found 

Mg. /SO  ml. 

Mg./ 50  ml. 

6 

1.44 

0.060 

0.058 

8 

1.44 

0.030 

0.031 

10 

0.028 

0.010 

0.018 

10 

0.028 

0.030 

0.040 

15 

2.80 

0.050 

0.052 

20 

0.056 

0.020 

0.025 

20 

0.056 

0.030 

0.034 

20 

0.056 

0.060 

0.063 

30 

0.112 

0.010 

0.018 

30 

0.112 

0.030 

0.040 

30 

0.140 

0.070 

0.068 

30 

0.140 

0.090 

0.090 

30 

0.140 

0.100 

0.100 

30 

1.40 

0.070 

0.071 

30“ 

14.00 

0.070 

0.075 

30“ 

49.00 

0.070 

0.070 

30“ 

98.00 

0.070 

0.070 

a  Corrected  for  nickel  present. 
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Table  IV.  Iron  Checks  on  Materials  in  Process 


Type  of 

Approximate  Percentage 

Percentage  of  Fe 
Gravi-  Colori- 

Material 

As 

Sb 

Cu 

Ni 

metric 

metric 

H-3  liquor 

0.2 

0.03 

2.70 

0.70 

0.024 

0.023 

H-3  liquor 

0.2 

0.03 

2.67 

0.74 

0.025 

0.025 

H-3  liquor 

0.2 

0.03 

2.70 

0.72 

0.028 

0.031 

H-4  liquor 

0.2 

0.03 

1.75 

0.82 

0.025 

0.025 

H-4  liquor 

0.2 

0.03 

1.71 

0.85 

0.028 

0.027 

H-4  liquor 

0.2 

0.03 

1.95 

0.82 

0.038 

0.034 

H-5  liquor 

0.2 

0.03 

2.64 

0.65 

0.021 

0.019 

H-5  liquor 

0.2 

0.03 

2.92 

0.67 

0.022 

0.020 

O  liquor 

0.6 

15.20 

0.40 

0.054 

0.050 

A  liquor 

1.2 

15.70 

1.70 

0.230 

0.215 

E  liquor 

2.8 

3.80 

4 . 50 

0.416 

0.365 

G  liquor 

0.3 

0.08 

3.00 

0.024 

0.023 

Blue  vitriol 

25.1 

0.032 

0.025 

25.1 

0.025 

0.020 

25.1 

0.026 

0.024 

25.1 

0.026 

0.027 

25.1 

0.070 

0.063 

25.1 

0.086 

0.080 

sulfuric  acid  were  added  to  prevent  the  precipitation  of  arsenic 
and  antimony.  A  few  milliliters  of  saturated  bromine  water 
were  then  added  and  the  excess  was  expelled  by  boiling.  The 
solution  was  cooled,  and  if  the  acidity  was  initially  high  it  was 
neutralized  by  means  of  ammonium  hydroxide,  and  a  slight  excess 
of  1  to  4  sulfuric  acid  added.  The  test  was  again  cooled,  trans¬ 
ferred  to  a  volumetric  flask,  diluted  to  the  mark,  and  thoroughly 
mixed.  An  aliquot  was  transferred  to  a  50-ml.  volumetric  flask 
and  the  general  procedure  outlined  above  was  followed. 

DISCUSSION 

Iron  may  be  determined  in  the  presence  of  large  quantities  of 
copper  and  nickel  with  excellent  accuracy,  provided  the  iron  con¬ 


centration  is  not  less  than  0.05  mg.  per  50  ml.  Below  this  con¬ 
centration,  the  expected  error  is  somewhat  greater  but  will  still 
be  sufficiently  small  for  many  purposes. 

The  iron  was  accurately  determined  in  a  “synthetic”  mixture 
containing  30  mg.  of  copper,  98  mg.  of  nickel,  and  0.070  mg.  of 
iron  per  50  ml.  In  this  case  it  was  necessary  to  correct  for  both 
the  copper  and  nickel  present. 

The  maximum  concentration  of  nickel  which  may  be  present 
in  a  mixture  is  probably  much  higher  than  the  maximum  re¬ 
ported  on  in  this  investigation.  In  such  cases,  it  would  be 
necessary  to  take  transmittancy  readings  very  quickly  following 
addition  of  the  buffer  solution. 

It  is  believed  that  the  utility  of  many  of  the  published  spectro- 
photometric  analytical  methods  can  be  extended  materially  by 
the  use  of  corrected  tables  similar  to  those  described  in  this 
paper.  The  author  is  now  applying  this  technique  to  the  estima¬ 
tion  of  small  concentrations  of  nickel  in  samples  of  the  type  shown 
in  Table  IV  and  expects  to  publish  the  findings  at  a  later  date. 
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Destruction  of  Organic  Matter  in  Blood  Fibrin  and 
Chromacized  Medical  Catgut  by  ^X^et  Oxidation 

Determination  of  Iron  in  Blood  and  of  Chromium  in  Sutures 

G.  FREDERICK  SMITH,  Noyes  Chemical  Laboratories,  University  of  Illinois,  Urbana,  III. 


THE  determination  of  the  mineral  components  of  blood  and 
the  evaluation  of  chromium  in  chromacized  medical  catgut 
sutures  are  generally  carried  out  starting  with  a  dry-ashing  pro¬ 
cedure.  This  operation  is  time-consuming.  Subsequent  to 
dry-ashing  at  elevated  temperatures  the  residue  may  require  a 
fusion  process  to  redissolve  the  ash.  For  these  reasons  a  wet- 
ashing  procedure  is  recommended  and  herein  described. 

The  literature  on  the  use  of  mixtures  of  nitric  and  perchloric 
acids  in  the  wet-oxidation  of  organic  matter  preparatory  to  the 
determination  of  sulfur,  phosphorus,  and  arsenic  as  well  as  the 
metallic  components  iron,  chromium,  aluminum,  calcium,  mag¬ 
nesium,  sodium,  and  potassium  has  been  previously  surveyed 
(4,  7).  The  important  applications  are  the  determination  of 
sulfur  in  coal  ( 9 ),  chromium  in  leather  (S),  iron  in  leather  (6), 
calcium,  phosphorus,  and  the  alkali  metals  in  plant  materials 
(2),  sulfur  in  organic  compounds  (4),  and  iron  in  wine  or  beer  (7). 

CHEMICAL  ASPECTS  OF  WET-OXIDATION  ACID  MIXTURES  CONTAINING 
PERCHLORIC  ACID 

Because  perchloric  acid  is  known,  when  hot  and  concentrated, 
to  exert  a  powerful  oxidizing  effect  in  contact  with  organic  matter, 
its  use  for  wTet-ashing  purposes  is  retarded  by  unwarranted  appre¬ 
hension  of  violent  reactions.  When  properly  used  for  wet-miner¬ 
alization  of  samples  composed  preponderantly  of  organic  matter, 
perchloric  acid  is  entirely  dependable.  Samples  of  heterocyclic 
ring  nitrogen  compounds  such  as  occur  in  coal  which  are  oxidized 
with  great  difficulty  by  hot  concentrated  sulfuric  acid,  as  in  the 
Kjeldahl  reaction,  are  readily  and  rapidly  oxidized  by  mixtures  of 


nitric  acid  and  perchloric  acid;  vanadium  must  be  used  as  cata¬ 
lyst  to  speed  the  oxidation  to  a  time  limit  of  15  minutes  (9). 

The  use  of  mixtures  of  concentrated  nitric  and  perchloric  acids 
as  oxidants  for  organic  materials  of  a  wide  variety  of  sources  gives 
smooth,  easily  controlled,  suitably  rapid  reactions  because  the 
mixture  exerts  a  gradually  increasing  oxidation  potential.  The 
addition  of  concentrated  nitric  acid  to  concentrated  (72%) 
perchloric  acid  dilutes  the  latter  acid,  which  lowrers  its  oxidation 
potential.  At  the  same  time  the  concentration  of  nitric  acid, 
owing  to  its  partial  dehydration  by  the  perchloric  acid,  increases 
its  strength  and  oxidation  potential.  The  mixed  acids  may  be 
applied  at  ordinary  temperatures  and  their  oxidation  effects 
gradually  increased  by  elevating  the  temperature.  The  more 
easily  oxidized  portions  of  the  organic  matter  are  first  attacked. 
As  the  temperature  is  raised  the  nitric  acid  excess  is  finally  dis¬ 
tilled  off  and  the  diluted  perchloric  acid  begins  to  concentrate, 
and  finally  at  200°  C.  attains  a  constant  boiling  mixture  (72% 
perchloric  acid).  During  the  course  of  this  process  its  oxidation 
potential  increases  and  the  organic  matter  present  which  has 
escaped  the  nitric  acid  attack  is  gradually  oxidized  by  the  per¬ 
chloric  acid.  The  more  easily  oxidized  organic  material  is  de¬ 
stroyed  by  hot  60%  perchloric  acid  and  the  most  difficultly  de¬ 
stroyed  organic  matter  is  finally  oxidized  by  the  boiling  72% 
perchloric  acid,  quietly  and  efficiently. 

The  most  outstanding  property  of  a  mineralization  reaction 
following  mixed  nitric-perchloric  a;cid  digestion  at  gradually 
elevated  temperature  is  the  fact  that  the  organic  matter  is  de¬ 
stroyed  without  accompanying  carbonization,  which  is  so  pre- 
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dominant  in  such  reactions  as  a  Kjeldahl  digestion.  Most,  if  not 
all  of  the  carbonaceous  material  is  volatilized  as  gaseous  prod¬ 
ucts.  With  some  types  of  organic  material  the  reacting  solu¬ 
tion  remains  clear  throughout  the  entire  oxidation  reaction. 
In  other  cases  the  solution  acquires  a  chocolate-brown  coloration 
due  to  degradation  products  of  the  decomposition  of  organic 
matter.  In  case  any  carbonaceous  material  is  formed,  the  condi¬ 
tions  are  indicated  as  unsatisfactory  and  the  proportion  of  mixed 
acids  employed  should  be  altered,  the  temperature  relations 
changed,  or  additional  reagent  added  to  the  reaction  mixture — 
for  example,  sulfuric  acid. 

INFLUENCE  OF  SULFURIC  ACID  ADDITIONS  TO  OXIDATION  MIXTURE 

If  the  organic  matter  present  affords  smooth  oxidation  with 
extreme  difficulty,  the  oxidation  potential  of  perchloric  acid  may 
be  very  markedly  increased  by  the  addition  of  sulfuric  acid.  .In 
this  case  the  final  state  of  oxidation  is  brought  about  through  the 
the  dehydration  of  perchloric  acid  by  the  sulfuric  acid  added 
and  by  the  higher  temperature  produced  in  the  latter  stages  of 
the  reaction.  The  effect  of  the  nitric  acid  is  accomplished  and 
the  excess  is  boiled  off  at  140°  to  150°  C.  The  oxidation  by 
perchloric  acid  begins  at  150°  to  160°  C.  as  a  concentration  of  the 
perchloric  acid,  due  to  the  presence  of  sulfuric  acid,  does  not 
stop  at  72%  strength,  but  may  increase  to  85%  or  even  higher, 
depending  upon  the  proportion  of  sulfuric  acid  present.  Under 
these  conditions  the  oxidation  potential  of  the  perchloric  acid  due 
to  dehydration  is  gradually  increased  to  a-  degree  favorable  to 
oxidations  of  the  most  resistant  type.  Use  of  sulfuric  acid  as  a 
reaction  component  precludes,  of  course,  the  determination  of 
sulfur  and  causes  complications  in  presence  of  calcium  salts. 

INFLUENCE  OF  CATALYSTS 

Just  as  in  the  Kjeldahl  digestion,  the  oxidation  time  of  which 
is  much  diminished  in  the  presence  of  copper,  mercury,  selenium, 
etc.,  the  presence  of  catalysts  likewise  shortens  the  reaction  time 
with  perchloric  acid  oxidation.  Two  such  catalysts  are  chro¬ 
mium  and  vanadium.  Here  the  mechanism  of  the  reaction  de¬ 
pends  upon  the  fact  that  hot  concentrated  perchloric  acid  oxidizes 
chromium  and  vanadium  to  chromic  and  vanadic  acids.  These 
in  turn  are  reduced  by  any  traces  of  organic  matter  persisting 
and  the  process  is  repeated.  When  all  organic  matter  is  de¬ 
stroyed  the  perchloric  acid  oxidizes  the  chromium  and  vanadium 
to  chromic  and  vanadic  acids,  which  color  the  hot  acid  orange, 
and  the  chromic  acid  forms  reddish  orange  crystals  in  the  cooled 
72%  perchloric  in  which  it  is  quantitatively  insoluble.  A  few 
milligrams  of  either  chromium  or  vanadium  are  sufficient  for 
considerable  diminution  of  the  time  required  for  the  mineraliza¬ 
tion  and  the  oxidation  of  a  given  sample  of  organic  matter. 
Often  their  use  causes  a  too  energetic  effect. 

An  estimate  only  can  be  made  of  the  oxidation  potential  ac¬ 
quired  by  the  gradual  elevation  of  the  temperature  of  the  reac¬ 
tion  mixture  of  nitric,  perchloric,  and  sulfuric  acids  together, 
especially  with  the  added  influence  of  catalysts  such  as  chromium 
and  vanadium,  or  in  some  cases  cerium.  The  temperature  range 
covered  is  from  room  temperature,  with  gradually  increasing  in¬ 
crements,  through  the  boiling  range  of  nitric  acid,  perchloric  acid, 
and  finally  sulfuric  acid,  at  approximately  360°  C.  The  esti¬ 
mated  oxidation  potential  thus  attained  covers  the  range  of  1 
to  2  volts,  as  indicated  by  the  ease  with  which  chromium  and 
cerium  are  oxidized  to  their  highest  stages  of  valence  by  such 
mixtures.  The  gradual  increase  in  potential  in  ever-increasing 
increments  is  analogous  to  the  playing  of  a  chromatic  scale  on 
the  piano  keyboard  from  the  lower  pitched  notes  of  the  bass  to 
the  higher  pitched  notes  of  the  soprano.  With  studied  applica¬ 
tion  of  such  oxidizing  conditions  to  a  given  type  of  organic 
matter,  no  violent  reactions  are  probable  and  the  operation  as  a 
whole  becomes  perfectly  reliable.  Thousands  of  such  reactions 
for  the  destruction  of  organic  matter,  in  accordance  with  the 
literature  references  previously  cited,  are  daily  routine  control 


procedures.  For  new  applications,  the  analyst  who  prefers 
dry-ashing  procedures,  because  of  apprehensioh  concerning 
hazardous  application  of  the  nitric-perchloric-sulfuric  acid  wet- 
ashing  procedure,  is  depriving  himself  of  one  of  the  most  reliable, 
time-saving,  and  precise  procedures.  Conditions,  once  estab¬ 
lished  for  the  proper  application  of  this  procedure  to  a  specific 
case,  bring  into  play  easily  recognized  superior  advantages. 
The  present  discussion  demonstrates  these  facts  as  applied  to  the 
mineralization  of  blood  fibrin  and  chromacized  catgut  sutures. 

APPARATUS  EMPLOYED 

An  electrically  heated  hot  plate  with  inset  rheostat  for  variable 
heat  control,  such  as  is  always  available  from  reagent  supply 
houses,  or  a  modified  ( 8 )  Rogers  ring  burner  and  Nichrome 
wire  gauze  can  be  used,  and  intermediate  heat  intensities  other 
than  those  provided  by  the  device  itself  can  be  arranged  by  the 
use  of  heavy  asbestos  paper  in  one-,  two-,  or  three-layer  portions. 
The  actual  heat  attained  under  given  conditions  should  be  deter¬ 
mined  by  the  use  of  the  acids  employed  without  sample  present. 
In  general,  a  beaker  containing  concentrated  sulfuric  acid  and 
inserted  thermometer  serves  as  an  adequate  test.  A  maximum 
temperature  of  210°  to  225°  C.  was  found 'suitable  for  the  two 
types  of  samples  under  discussion.  The  use  of  the  Rogers  ring 
burner  as  a  substitute  for  electrical  heating  provides  very  suitable 
variable  heat  adjustment. 

Vycor  glass  Erlenmeyer  flasks,  500-ml.  capacity,  should  be 
employed  for  safety  from  cracking  or  fracture  due  to  sudden  heat 
gradients.  Their  use  avoids  all  danger  that  a  flask  containing 
hot  oxidizing  acids  may  crack  or  open  at  the  bottom,  causing 
damage  through  fire  to  wooden  table  tops  or  fume  hood  floors. 
These  flasks  entail  some  additional  expense  in  first  costs,  but  they 
are  more  than  justified  by  the  increased  facility  with  which 
they  may  be  rapidly  cooled  and  heated.  For  the  determination 
of  chromium  in  sutures  they  are  practically  indispensable, 
since  the  flask  and  contents  must  be  chilled  instantly  from 
200°  G.  to  ice  bath  temperatures  to  prevent  the  hydrogen  per¬ 
oxide  error  (4). 

An  efficient  fume  hood  with  forced  draft  ventilation  is  essential 
if  a  large  number  of  operations  are  to  be  carried  out  at  one  time. 
The  excess  acids  must  be  volatilized.  The  organic  degradation 
products  resulting  from  the  oxidation  by  this  “cracking”  process 
are  acrid  and  disagreeable.  If  such  a  fume  hood  is  not  available, 
a  perfect  substitute  has  been  described  (5). 

DESTRUCTION  OF  ORGANIC  MAHER  IN  BLOOD  FIBRIN 

The  oxidation  is  complete,  rapid,  and  smooth  running  if 
perchloric  acid  alone  is  employed.  The  reaction  is  begun  after 
addition  of  60%  perchloric  a-cid  by  placing  the  acid-treated 
sample  directly  on  the  hot  plate  capable  of  elevating  the  tem¬ 
perature  eventually  to  210°  to  225°  C.  The  blood  fibrin  is  at  the 
start  dissolved  in  the  perchloric  acid,  giving  a  deep  purple  prod¬ 
uct.  After  3  minutes  the  color  becomes  chocolate  brown,  ac¬ 
companied  by  noticeable  carbonization.  With  10  minutes’ 
treatment  there  is  a  generous  foaming  reaction,  as  evolved  gases 


Table  1. 

Destruction  of 

Organic  Matter 

in  Blood  Fibrin  Using 

Nitric  and  Perchloric  Acids 

Time 

Deter¬ 

Completion, 

Total 

min¬ 

Blood 

72% 

67% 

HNO3 

HNO3 

Reaction 

ation 

Fibrin 

HClOi 

Reaction 

Time 

Grams 

Ml. 

Ml. 

Min. 

Min. 

1 

3 

10 

10 

7 

13 

2 

4 

10 

10 

5 

13 

3 

5 

12.5 

17.5 

7 

14 

4 

6 

15 

20 

5 

20 

5 

7 

15 

20 

6 

20 

6 

8 

15 

25 

7 

33 

7 

9 

15 

25 

7 

16 

8 

10 

17.5 

30 

8 

15 

With  Addition  of  25  Mg.  of  CrOa 

9 

5 

15 

15 

5 

28 

With  Addition  of  0.001  Gram  of  Ammonium  Vanadate 

10 

10 

17.5 

30 

6 

13 

60%HCIOi 

11 

1 

15 

Absent 

18 

12 

2 

15 

Absent 

15 

13 

3 

21 

Absent 

13 

14 

4 

21 

Absent 

18 

15 

4 

25 

Absent 

21 

16 

5 

30 

Absent 

19 

2  mg.(NH4)4V04 
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,re  given  off  together  with  fumes  of  perchloric  acid  and  the  reac- 
ion  mixture  rapidly  turns  light  brown.  In  5  additional  minutes’ 
[eating  time  the  reaction  is  complete,  as  shown  by  the  absence 
if  any  color  except  that  from  a  little  chlorine  resulting  from  a 
light  decomposition  of  the  hot  concentrated  acid.  The  addition 
if  2  mg.  of  ammonium  vanadate  as  catalyst  was  of  no  appreciable 
dvantage.  The  volume  of  60%  perchloric  acid  used  should  be 
i  to  6  ml.  per  gram  of  blood  fibrin  with  a  minimum  of  10  to  15 
al.  to  provide  enough  material  to  cover  the  bottom  of  the  500- 
al.  Vycor  flask.  Results  obtained  are  given  in  Table  I,  deter- 
ninations  11  to  16. 

The  time  rate  of  oxidation  of  blood  fibrin  is  increased  by  the  use 
>f  67%  nitric  and  72%  perchloric  acids.  No  carbonization  of  the 
irganic  matter  occurs.  Reaction  results  show  a  vigorous  oxi- 
lizing  action  due  to  nitric  acid  accompanied  by  a  rapid  evolution 
if  nitric  oxide  and  gaseous  decomposition  products.  During  this 
itage  the  frothing  may  amount  to  a  2.5-  to  5-cm.  (1-  to  2-inch) 
hick  layer.  After  3  to  4  minutes  the  nitric  acid  reaction  is 
lomplete  and  after  an  additional  4  to  5  minutes  the  excess  nitric 
icid  has  been  boiled  off.  The  solution  then  rapidly  turns  choco- 
ate  brown  in  color,  a  1.25-cm.  (0.5-inch)  foam  coating  appears, 
md  fumes  of  the  decomposition  products  of  perchloric  acid  form, 
rhe  color  of  the  solution  rapidly  becomes  lighter,  carbon  dioxide 
s  evolved,  and  the  reaction  is  complete  in  15  to  18  minutes  if 
;enerous  portions  of  nitric  acid  are  employed.  Chromic  acid  as 
:atalyst  brings  no  time  advantage  and  as  little  as  0.5  mg.  of 
ranadium  causes  the  reaction  mixture  to  catch  fire  (Table  I, 
leterminations  10  and  9).  Osmic  acid  is  of  no  advantage  in 
ipeeding  up  the  reaction. 

DETERMINATION  OF  IRON  IN  BLOOD  FIBRIN 

For  determining  the  effective  recovery  of  iron  in  blood,  samples 
>f  5  grams  each  are  oxidized,  as  previously  described,  and  the 
icid-soluble  residue  containing  excess  perchloric  acid  is  trans- 
'erred  from  the  500-ml.  Vycor  flask  to  a  150-ml.  Pyrex  beaker. 
The  samples  are  then  evaporated  on  a  hot  plate  with  the  beakers 
jovered  and  the  cover  glass  elevated,  using  twin  watch  glass  sup¬ 
ports  ( 2 ),  until  the  perchloric  acid  is  completely  removed.  If  a 
trace  of  brown  appears  in  the  otherwise  white  residue  in  spots, 
).5  ml.  more  of  72%  perchloric  acid  is  added  and  reheated  until 
the  excess  is  volatilized  and  the  last  trace  of  oxidizable  material 
s  evolved.  Finally  the  contents  of  the  beaker  are  cooled,  dis¬ 
solved  in  water,  and  transferred  to  a  250-ml.  graduated  flask, 
ft  is  not  as  a  rule  necessary  to  filter  because  of  the  presence  of  a 
.ittle  dehydrated  silica. 

Now  1  ml.  of  a  10%  hydroxylamine  hydrochloride  solution  is 
added,  and  a  small  piece  of  Congo  red  paper  which  will  turn  dark 
blue  because  o'f  the  acid  present.  A  solution  of  dilute  aqueous 
immonia  is  added,  a  few  drops  at  a  time,  until  the  Congo  red 
paper  just  turns  pink  (pH  4  to  4.5),  followed  by  addition  of  5  ml. 
of  a  saturated  aqueous  solution  of  1,10-phenanthroline.  The 
red  color  of  1,10-phenanthroline  ferrous  iron  immediately  ap¬ 
pears.  The  solution  is  then  diluted  to  the  mark  in  the  gradu¬ 
ated  flask,  and  mixed.  The  color  intensity  is  determined  using 
a  Cenco  Photelometer  or  its  equivalent  and  a  1-cm.  cell  with  a 
green  filter.  From  a  cahbration  chart  plotted  with  log  trans- 
mittancy  on  the  vertical  axis  and  milligrams  of  iron  on  the  hori¬ 
zontal,  the  amount  of  iron  present  can  be  rapidly  determined. 
If  the  samples  are  not  filtered  before  color  production,  the  color 
comparisons  must  be  made  immediately  after  color  formation. 

To  determine  the  accuracy  with  which  iron  is  retained  by  the 
mixed  acid  mineralization  of  the  product,  samples  of  blood  fibrin 
were  made  ready  and  known  amounts  of  iron  added  before  oxi¬ 
dation.  As  a  result  of  a  group  of  analyses  of  the  unfortified 
blood  fibrin  the  iron  present  was  found  to  be  70  parts  per  million; 
200  micrograms  of  iron  added  to  fortify  the  blood  samples  could 
be  then  recovered  within  an  accuracy  of  5  to  6  micrograms. 

Since  sulfur  is  present  in  blood  fibrin,  the  treatment  described 
is  capable  of  oxidizing  it  to  sulfate.  Because  of  the  presence  of 
sulfur,  special  treatment  is  required  if  sodium  and  potassium  are 
to  be  determined  in  the  residue  from  oxidation  of  organic  matter. 

DESTRUCTION  OF  ORGANIC  MATTER  IN  CHROMACIZED  CATGUT 

Catgut  sutures  of  varying  degrees  of  chromacization  were  cut 
into  6-mm.  lengths  and  dried  for  8  to  12  hours  in  an  electric  oven 
at  80°  C.  and  stored  in  glass  weighing  bottles  in  preparation  for 
mineralization  and  determination  of  chromium. 

Weighed  samples  of  1  to  2  grams  were  transferred  to  500-ml. 
Vycor  Erlenmeyer  flasks  and  treated  with  varying  proportions  of 
72%  perchloric  acid  and  67%  nitric  acid.'  The  most  satisfactory 
mixture  was  found  to  be  20  ml.  of  perchloric  to  6.5  to  7.0  ml.  of 
nitric  acid. 

The  sample,  in  a  short  time  after  heating  begins,  is  completely 
dissolved.  In  5  or  6  minutes  the  nitric  acid  reaction  accompanied 
by  the  production  of  brown  fumes  is  over  and  the  excess  nitric 


Table  II.  Mineralization  of  Chromacized  Catgut  and  Determination 
of  Chromic  Oxide 

(20  ml.  of  72%  HClOi  and  6.5  ml.  of  67%  HNOi  per  sample.  Time  for 
HNO3  reaction,  5  to  6  minutes.  Hot  plate  temperature,  210°  to  225°  C. 
during  oxidation  of  sample  and  200°  C.  during  oxidation  of  chromium) 


0.033  N 


Sample 

Reaction 

Fe  +  + 

Cr03 

No. 

Weight 

Time 

Required 

Present 

Grams 

Min. 

Ml. 

% 

•  1 

2 

16 

25.15 

1.40 

2 

13 

25.30 

1.41 

2 

9 

25.04 

1.39 

Av.  1.40  ±  0. 

2 

2 

11 

31.55 

1.75 

2 

9 

31.42 

1.75 

Av.  1.75 

3 

2 

11 

31.90 

1.77 

2 

10 

30.60 

1.70 

Av.  1.74  ±  0. 

4 

2 

11 

31.70 

1.76 

2 

13 

31.60 

1.76 

Av.  1.76 

5 

2 

10 

41.32 

2.30 

2 

10 

41.60 

2.31 

2 

9 

41.87 

2.33 

2 

TO 

41.08 

2.28 

Av.  2.30  ±  0. 

6' 

1.002 

15 

14.65 

1.62 

1.006 

15 

14.72 

1.63 

1.012 

13 

14.51 

1.61 

Av.  1.61  ±  0. 

7 

1 . 0037 

15 

16.03 

1.78 

1.0017 

14 

16.19 

1.80 

Av.  1.79  ±  0.01 


acid  is  volatilized.  During  this  process  it  would  appear  that 
nitration  products  of  the  organic  matter  are  formed.  During 
and  at  the  end  of  the  nitric  acid  reaction  the  solution  is  green  in 
color.  As  the  reaction  mixture  rises  from  140°  through  160°  to 
180°  a  vigorous  reaction  takes  place,  with  the  copious  formation 
of  gaseous  products  of  reaction,  but  little  or  no  foaming.  The 
solution  may  or  may  not  turn  light  brown  in  color,  depending 
upon  the  rate  of  temperature  elevation.  In  8  to  13  minutes  the 
decomposition  of  organic  matter  is  complete,  as  shown  by  the 
fact  that  the  color  of  chromic  acid  appears. 

The  sample  is  kept  on  the  hot  plate  for  2  to  3  minutes  after 
the  appearance  of  the  chromic  acid  color  at  not  more  than  200°  C. 
and  is  quickly  removed  from  the  hot  plate  and  plunged  into 
an  ice  bath  with  a  swirling  motion  during  5  seconds.  If  is  then 
quickly  diluted  by  the  addition  of  60  to  70  ml.  of  cold  water,  and 
the  refluxing  still  head  is  rinsed  into  the  flask  and  removed.  A 
‘  boiling  chip  of  Filtered  is  added  and  the  solution  boiled  2  to  3 
minutes  to  remove  the  small  amount  of  chlorine  formed  during 
the  oxidation  reaction.  The  solution  is  then  diluted  to  200  ml. 
with  cold  distilled  water,  a  drop  of  0.025  M  ferroin  indicator  is 
added,  and  the  solution  is  titrated  using  0.033  N  ferrous  sulfate 
to  the  first  production  of  a  pink  cast  to  the  solution  from  the 
first  drop  excess  of  reducing  agent.  One  ml.  of  0.033  N  ferrous 
sulfate  solution  corresponds  to  1.1112  mg.  of  Cr03. 

The  results  from  a  series  of  analyses  are  given  in  Table  II. 
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Data  are  presented  for  the  analysis,  by  freezing  point  and  cloud 
point  determinations,  of  binary  cresol  and  butylated  cresol  mixtures 
such  as  are  encountered  in  the  butylation-fractionation-debutylation 
method  of  separating  m-  and  p-cresols.  The  procedures  are  simple 
and  rapid,  and  yield  results  which  are  readily  duplicated.  A  cloud 
point  method  for  determining  small  amounts  of  water  in  glycols 
and  glycerol  is  suggested. 

FROM  their  mixtures  m-  and  p-cresols  are  separated  by  a 
method  involving  alkylation  with  isobutylene,  separation 
by  fractional  distillation  of  the  tertiary  butyl  derivatives  so  pro¬ 
duced,  and  dealkylation  of  the  individual  di-ieri-butylcresols  to 
give  the  pure  parent  cresols  (3).  In  the  commercial  operation 
(4)  it  is  important  that  reliable  and  quick  methods  be  available 
for  analyzing  the  various  distillates  handled.  The  determina¬ 
tion  of  freezing  points  is  a  convenient  method  of  analysis.  A 
measurement  of  the  critical  solution  temperature  of  the  phenolic 
mixture  in  diethylene  glycol  and  other  solvents  offers  another 
rapid  and  accurate  test  for  this  purpose. 

MATERIALS 

The  m-  and  p-cresols  employed  in  securing  the  data  reported 
herein  were  Eastman  practical  grade  chemicals  which  were  sub¬ 
jected  to  a  purification  sequence  comprising  fractional  distilla¬ 
tion  under  reduced  pressure  and  at  about  15  to  1  reflux  ratio 
through  a  20-plate  packed  glass  column,  collecting  only  the 
middle  portion  which  came  over  within  a  1 0  C.  temperature  range. 
This  material  was  melted,  allowed  to  cool,  and  seeded.  When 
the  crystallization  was  about  half  complete,  the  crystals  formed 
were  separated  from  the  mother  liquor  and  distilled  through  the 
15-plate  column,  again  collecting  only  a  heart  cut.  The  tertiary 
butylated  derivatives  of  these  cresols  were  prepared  by  alkyla¬ 
tion  with  isobutylene  (3)  and  purified  by  fractionation-recrys- 
tallization-fractionation  treatments.  Triisobutylene  was  made 
by  the  action  of  63%  sulfuric  acid  on  Eastman  £er£-butyl  alcohol 
and  purified  by  means  of  an  alkali  wash,  a  rough  distillation 
through  a  Hempel  column,  and  two  fractional  distillations 
through  the  20-plate  column.  The  cresols,  their  butylated 


Table  1. 

Properties 

Boiling  Point 

Name  of  Compound 

at  20  Mm. 

Freezing  Point 

°C. 

°C. 

m-Cresol 

11.5“ 

p-Cresol 

34.7“ 

Mono-<eri-butyl-m-eresol 

21.3 

2-rer<-Butyl-4-methylphenol 

126  .o 

51.7 

4,6-Di-terr-butyl-3-methylphenol 

167.0  • 

62.1 

2,6-Di-lert-butyl-4-methylphenol 

147.0 

69. 7& 

Triisobutylene 

174. 9-5.3° 

... 

“W.  Seaman,  Laboratory  for  Analytical  Research,  Calco  Chemical 
Division,  American  Cyanamid  Co.,  Bound  Brook,  N.  J.  (private  communi¬ 
cation),  reports  highly  purified  m-  and  p-cresols  to  freeze  at  11.65°  and 
34.63°  C.,  respectively. 

6  Melting  point. 

*  At  745.7  mm. 


Table 

II.  Freezing 

Points  o 

f  Mixtures  of 

m-  and  p- 

■Cresols0 

Freezing 

Freezing 

p-Cresol 

m- Cresol 

Point 

p-Cresol 

m-Cresol 

Point 

% 

% 

0  C. 

% 

% 

°  c. 

0.0 

100.0 

11.5 

44.5 

55 . 5 

5.5 

2.6 

97.4 

9.6 

52.7 

47.3 

2.1 

6.5 

93.5 

6.6 

59.0 

41.0 

—  0.5 

9.9 

90.1 

3.9 

60.9 

39.1 

-0.4 

12.2 

87.8 

2.1 

65.2 

34.8 

4.0 

13.1 

86.9 

2.5 

72.1 

27.9 

10.7 

18.2 

81.8 

5.5 

80.1 

19.9 

18.6 

23.8 

76.2 

8.0 

88.2 

11.8 

25.5 

30.1 

69.9 

8.1 

95. 1 

4.9 

31.2 

31.5 

68.5 

8.4 

100.0 

0.0 

34.7 

35.1 

64.9 

7.6 

*  Freezing  point  data  on  m-  and  p-cresol  mixtures  have  been  reported  by 
Desseigne  (1),  who  used  cresols  freezing  at  10.1°  and  34.5°  C.,  respectively. 


derivatives,  and  the  triisobutylene  were  believed  to  be  of  at 
least  99. 5  %  purity.  Their  properties  are  fisted  in  Table  I . 

FREEZING  POINTS 

Method.  A  sample  of  5  to  10  grams  of  the  cresol  mixture  was 
placed  in  an  unsilvered  evacuated  Dewar  test  tube  (16 X 150  mm., 
inside  dimensions)  equipped  with  a  glass  loop  stirrer  and  a  cali¬ 
brated  thermometer,  readable  to  0.1  °  C.,  held  in  place  by  means 
of  a  cork  stopper  (an  Anschutz  thermometer  was  found  very 
suitable  for  this  work) .  When  the  material  was  a  solid,  the  tube 
was  first  heated  to  melt  the  sample.  After  a  preliminary  trial, 
the  Dewar  test  tube  was  placed  in  a  water  bath  held  at  a  tem¬ 
perature  about  2°  below  the  indicated  freezing  point.  The 


Table  III.  Freezing  Points  of  Mixtures  of  m-Cresol  and 
Mono-tert-butyl-m-cresol 


m-Cresol  in 

Mono-ter£-butyl-m-cresol 

Mono-ieri- 

Mono-fer£-butyl- 

-m-eresol  in 

m-Cresol 

butyl-m- 

Freezing 

Mono-ter£- 

771- 

Freezing 

m-Cresol 

cresol 

point 

butyl-m-cresol 

Cresol 

point 

% 

% 

°  C. 

% 

% 

°  c. 

o.e 

100.0 

21.3 

0.0 

100.0 

11.5 

1.0 

99.0 

20.4 

2.4 

97.6 

10.2 

3.0 

97.0 

18.8 

4.4 

95.6 

9.2 

5.4 

94.6 

16.9 

7.0 

93.0 

7.9 

7.9 

92.1 

14.9 

10. G 

90. Q 

6.4 

10.7 

89.3 

12.7 

13.1 

86.9 

4.7 

13.8 

86.2 

10.2 

16.1 

83.9 

3.1 

17.1 

82.9 

7.6 

19.0 

81.0 

1.3 

20.0 

80.0 

5.2 

22.2 

77.8 

-0.3 

21.4 

78.6 

3.6 

Table  IV.  Freezing  Points  of  Mixtures  of  Mono-tert-butyl-m-creso 
and  2-ferf-Butyl-4-methylphenol 


Monp-(er(-butyl-m-cresol  in 
2-lerr-Butyl-4-methylphenol 


Mono -tert- 

2-(er(-Butyl- 

butyl- 

4-methyl- 

Freezing 

m-cresol 

phenol 

point 

% 

% 

°  c. 

0.0 

100.0 

51.7 

2.2 

97.8 

50.5 

4.9 

95.1 

48.9 

10.5 

89.5 

45.8 

16.5 

83.5 

42.0 

22.7 

77.3 

38.3 

25.7 

74.3 

36.0 

32.6 

67.4 

31.0 

36.0 

64.0 

29.2 

39.3 

60.7 

27.3 

2-r«r(-Butyl-4-methylphenol  in 
Mono-leri-butyl-m-cresol 
2-tert-  Butyl-  Mono -tert- 


4-methyl- 

butyl- 

Freezing 

phenol 

m-cresol 

point 

% 

% 

°  C. 

0.0 

100.0 

21.3 

2.0 

98.0 

20.2 

5.0 

95.0 

18.5 

10.0 

90.0 

15.5 

16.0 

84.9 

11.9 

21.7 

78.3 

6.4 

27.3 

72.7 

0.0 

32.4 

67.6 

-3.2 

34.8 

65.2 

-4.8 

Table  V.  Freezing  Points  of  Mixtures  of  Mono-tert-butyl-m-creso 
and  4,6-Di-tert-butyl-3-methylphenol 


Mono-ter£-butyl-m-cresol  in  4,6-Di-£er£-butyl-3-methylphenol 

4,6-Di-£er£-butyl-3-methylphenol  in  Mono-ferl-butyl-m-cresol 


4, 6-Di- tert- 

4,6-Di -tert- 

Mono-(er<- 

butyl- 

butyl- 

Mono-terJ- 

butyl- 

3- methyl- 

Freezing 

3-methyl- 

butyl- 

Freezing 

m-cresol 

phenol 

point 

phenol 

m-cresol 

point 

% 

% 

0  C. 

%  ' 

% 

°  C. 

0.0 

100.0 

62.1 

0.0 

100.0 

21.3 

1.3 

98.7 

61.0 

1.2 

98.8 

20.6 

3.4 

96.6 

59.0 

2.4 

97.6 

20.0 

5.4 

94.6 

56.9 

4.4 

95.6 

16.8 

7.3 

92.7 

54.7 

6.9 

93.1 

17.4 

9.4 

90.6 

52.2 

9.2 

90.8 

16.0 

11.7 

88.3 

49.7 

10.7 

89.3 

15.0 

15.0 

85 . 0 

44.9 

12.2 

87.8 

14.1 

18.5 

81.5 

40.4 

14.8 

85.2 

12.4 

Table  VI.  Freezing  Points  of  Mixtures  of  Triisobutylene  and 

m-Cresol 


Triisobutylene.in  m-cresol 

Freezing 

Triisobutylene  in  m-cresol 

Freezini 

Tri  isobutylene 

m-Cresol 

Point 

Tri  isobutylene 

m-Cresol 

Point 

% 

% 

■  °  C. 

% 

% 

°  c. 

0.0 

100.0 

11.5 

14.1 

85.9 

6.8 

2.6 

97.4 

10.3 

18.1 

81.9 

6.0 

5.2 

94.8 

9.2 

22.4 

77.6 

5.6 

8.7 

91.3 

8.1 

24.4 

75.6 

5.4 

10.7 

89.3 

7.6 
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Table  VII. 

Critical  Solution  Temperatures 

Table  X.  Critical  Solution  Temperatures 

Weight  Percentage  of 
2,6-Di-fer(-butyl-4- 

Weight  Percentage  of 

Cloud  Point, 

Weight  Percentage  of  2-tert- 
Buyl-4-methylphenol  in  2,6-Di- 

Cloud  Point,  °  C. 

(Weight  Ratio  of  Phenolic  Mixture 

methylphenol 

Diethylene  Glycol 

0  C. 

Zer(-butyl-4-methylphenol 

to  Diethylene  Glycol  =  1.0  to  1.0) 

75.0 

25.0 

181.2 

0.00 

190.2 

58.2 

41.8 

190.0 

2.42 

185.3 

49.1 

50.9 

190.2 

5.24 

179.3 

47.4 

52.6 

190.1 

6.87 

175.7 

37.5 

62.5 

189.0 

8.69 

1710 

27.0 

73.0 

181.7 

9.10 

169.6 

Table  VIII.  Critical  Solution  Temperatures 


Table  XI.  Critical  Solution  Temperatures 


Weight  Percentage  of  4,6-Di- 
ferZ-butyl-3-methylphenol  in 
2,6-Di-Zer(-butyl-4-methylphenol 

0.00 

1.45 

3.42 

5.76 

8.79 


Cloud  Point,  0  C. 

(Weight  Ratio  of  Phenolic  Mixture 
to  Diethylene  Glycol  =  1.0  to  1.0) 

190.2 

188.5 

185.4 

181.5 
176.0 


Table  IX.  Critical  Solution  Temperatures 

Weight  Percentage  of  Mono-  Cloud  Point,  0  C. 

ZerZ-butyl-ro-cresol  in  2,6-Di-  (Weight  Ratio  of  Phenolic  Mixture 

ierf-butyl-4-methylphenol  to  Diethylene  Glycol  =  1.0  to  1.0) 


0.00 
3.50 
•  6.00 
8.75 


190.2 
184.0 

179.3 
173.5 


Weight  Percentage  of  Weight  Percentage  of 

4,6-Di-ZerZ-butyl-  Blend  (20%  Glycerol  and  Cloud  Point 
3-methylphenol  80%  Ethylene  Glycol,  by  Volume)  °  C. 


32.8 

67.2 

174.4 

39.2 

60.8 

176.0 

49.0 

51.0 

179.2 

50.0 

50.0 

178.9 

52.6 

47.4 

179.2 

57.0 

43.0 

179.0 

65.7 

34.3 

173.5 

Table  XII.  Critical  Solution  Temperatures 

Cloud  Point,  °  C. 

Weight  Percentage  of  2,6-Di-<erZ-  (Weight  Ratio  of  Phenolic  Mixture 
butyl-4-methylphenol  in  4,6-Di-  to  Glycerol-Ethylene  Glycol 

ZerZ-butyl-3-methylphenol  Blend  =  1.0  to  1.0) 

0.00  178.7 

1.08  181.9 

3.98  189.3 

8.68  199.2 


jnple  was  then  stirred  until  it  was  supercooled  about  1°  C. 
id,  if  necessary,  seeded  to  bring  about  crystallization.  After 
•ystallization  had  started,  the  stirring  was  intermittent,  about 
5  to  1  minute  between  sets  of  2  or  3  strokes  of  the  stirrer, 
nder  these  conditions  the  temperature  was  found  to  rise  to  a 
taximum,  where  it  remained  until  the  greater  part  of  the  ma- 
:rial  froze.  The  maximum  value  was  taken  as  the  freezing 
lint  temperature  of  the  sample. 

The  data  obtained,  given  in  Tables  II  to  VI,  are  for  the  full 
mge  of  to-  and  p-cresol  mixtures,  and  for  the  particular  distillate 
impositions  handled  in  practice. 

CRITICAL  SOLUTION  TEMPERATURES 

The  observation  that  mono-  and  di-ierf-butyl-m-cresols  and 
iono-(erf-butyl-p-cresol  effect  a  pronounced  lowering  of  the  criti- 
il  solution  temperature  of  2,6-di-(er(-butyl-4-methylphenol  with 
iethylene  glycol,  and  that  2,6-di-ter<-butyl-4-methylphenol  ap- 
reciably  raises  that  of  4,6-di-teri-butyl-3-methylphenol  with  a 
3-80  volume  mixture  of  glycerol-ethylene  glycol  was  used  as  a 
asis  for  a  cloud  point  method  of  analysis  for  mixtures  of  the 
utylated  cresols.  The  cloud  points  can  be  determined  rapidly 
dth  ease  and  are  duplicatable  to  within  0.1°  C.  {2). 

For  the  two  systems  investigated,  the  consolute  temperatures 
ccurred  very  near  the  50-50  weight  ratio  of  butylated  cresol  and 
ilvent  (see  Tables  VII  and  XI).  It  is  advantageous  to  use  this 
articular  proportion,  for  small  errors  in  making  up  the  mixtures 
re  not  serious  because  of  the  small  change  in  temperature  with 
omposition  at  this  point. 

The  determinations  were  made  by  weighing  into  the  Dewar 
sst  tube  (the  same  as  used  for  freezing  point  determinations) 
qual  amounts  of  butylated  cresol  mixtures  and  the  solvent,  im- 
lersing  in  an  electrically  heated  bath  of  clear  oil,  and  stirring 
ntil  complete  solution  was  effected.  Then,  on  slow  cooling 
nd  with  continued  stirring,  the  cloud  point  was  readily  discern- 
jle.  The  data  collected  for  binary  mixtures  of  4,6-di-(er<- 
utyl-3-methylphenol,  mono-terf-butyl-TO-cresol,  and  mono- 
;r(-butyl-p-cresol  in  2,6-di-<ert-butyl-4-methylphenol,  with  di- 
thylene  glycol  as  the  solvent,  are  listed  in  Tables  VIII,  IX,  and  X. 
)eterminations  made  with  binary  mixtures  of  2,6-di-ferf-butyl- 
-methylphenol  in  4,6-di-terf-butyl-3-methylphenol,  with  a  20-80 
olume  mixture  of  glycerol-ethylene  glycol  as  the  solvent,  re- 
ulted  in  the  data  given  in  Table  XII.  Because  2,6-di-teri- 
>utyl-4-methylphenol  is  considerably  less  soluble  in  such  a  mixed 
olvent,  its  effect  is  to  raise  the  cloud  point.  Diethylene  glycol 


Table  XIII.  Effect  of  Water  on  Cloud  Points  of  Alkylphenol 
Mixtures  in  Diethylene  Glycol  or  in  a  Glycerol-Ethylene 
Glycol  Blend 

Cloud  Point  Rise 


Water  Added  Equiweight  mixture  Equiweight  mixture 

to  Solvent  of  (i)  in  (j)  of  ( k )  in  ( l ) 


% 


°C. 


°C. 


0.0  0.0  00 

0.5  2.7  2.9 

1.0  5.2  4.0° 

1.5  6.9a 

a  Erratic  results  obtained  caused  by  loss  of  water  from  solvent  by  vapori¬ 
zation. 

(i)  =  mixture  of  4%  4,6-di-(erZ-butyl-3-methylphenol  and  96%  2,6-di-Zer(- 
butyl-4-methylphenol. 

O')  =  diethylei\e  glycol  (sp.  gr.  1.1135/80°  F.). 

(k)  =  mixture  of  4%  2,6-di-ZerZ-butyl-4-methylphenol  and  96%  4,6-di-ZerZ- 
butyl-3-methylphenol. 

(Z)  =  blend  comprising  20-80  volume  mixture  of  glycerol  and  ethylene 
glycol. 


could  not  be  employed  as  the  solvent  in  this  instance  on  account 
of  its  high  solubility  for  4,6-di-ferf-butyl-3-methylphenol. 

In  the  determination  of  these  data,  Eastman  quality  glycerol, 
ethylene  glycol,  and  diethylene  glycol  were  employed.  The 
ethylene  glycol  was  heated  to  190°  C.  to  drive  off  water  before 
use.  The  solvents  were  characterized  by  the  specific  gravities: 

Glycerol  1.260  at  80°/60°  F. 

Ethylene  glycol  1.110  at  80°/60°  F. 

20%  glycerol-80%  ethylene  glycol  (by  volume)  1.142  at  80°/60°  F. 

Diethylene  glycol  1.1135  at  80°/60°  F. 


Small  amounts  of  water  in  the  solvents  have  considerable  ef¬ 
fect  on  the  cloud  points,  and  for  this  reason  it  should  be  empha¬ 
sized  that  the  data  presented  are  intended  to  serve  only  as  a 
guide.  A  new  set  of  curves  can  be  constructed  readily  for  each 
batch  of  solvent  by  determination  of  a  few  key  points,  or  the 
solvents  might  be  standardized  by  matching  definite  cloud  point 
values  when  mixed  with  selected  pure  tertiary  butylated  cresols. 
Table  XIII  exemplifies  the  influence  of  water.  This  pronounced 
effect  suggests  the  use  of  cloud  points,  with  alkylated  phenols  or 
other  suitable  compounds,  as  a  method  for  determining  accu¬ 
rately  low  percentages  of  water  in  glycols  and  glycerols. 
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Determination  of  Cobalt  in  High-Cobalt  Products 

Separation  from  Iron  by  Phosphate 

R.  S.  YOUNG  AND  A.  J.  HALL,  Central  Laboratory,  Nkana,  Northern  Rhodesia 


A  method  is  given  in  which  cobalt  is  separated  from  iron  in  high- 
cobalt  products  by  one  precipitation  with  tribasic  sodium  phos¬ 
phate.  Since  all  the  conditions  for  the  reaction  can  be  precisely 
controlled,  the  method  is  extremely  accurate  and  can  be  used  for 
research  or  referee  work.  Cobalt  can  be  determined  electrolytically 
directly  following  the  removal  of  iron  and  aluminum  by  this  pro¬ 
cedure,  chromium,  nickel,  and  vanadium  being  the  only  common 
interfering  elements.  This  is  particularly  advantageous  for  mining 
and  metallurgical  products,  where  high  percentages  of  cobalt  are 
frequently  encountered  and  the  resulting  bulky  precipitate  formed 
with  a-nitroso-/J-naphthol  is  inconvenient  to  handle.  The  method 
of  separating  iron  with  zinc  oxide  in  a  volumetric  flask  and  deter¬ 
mining  cobalt  on  an  aliquot  portion  of  this  supernatant  liquid  is  in¬ 
accurate,  but  a  similar  aliquoting  procedure  may  be  employed  if 
sodium  phosphate  is  used  to  remove  the  iron. 

THE  major  problem  confronting  chemists  in  the  analysis  of 
cobalt  is  the  separation  of  this  element  from  iron.  This  is 
particularly  important  in  the  mining  and  metallurgical  industry, 
where  a  high  concentration  of  iron  is  usually  encountered  in 
cobalt-containing  samples.  Frequently,  as  in  high-cobalt  alloys, 
mattes,  and  slags,  both  cobalt  and  iron  are  present  in  large 
amounts. 

The  various  methods  for  this  separation  have  been  reviewed 
and  it  was  considered  that  the  procedure  described  by  North  and 
Wells  (8)  for  the  precipitation  of  iron  by  sodium  phosphate  offered 
the  greatest  possibilities.  This  determination  has  been  thor¬ 
oughly  investigated  and  various  alterations  in  the  procedure  have 
been  introduced.  It  is  now  employed  in  this  laboratory  for  all 
research  samples  and  for  all  other  products  where  the  amount  of 
cobalt  present  is  over  2.5  to  3.0%. 

PREVIOUS  WORK 

In  the  precipitation  of  iron  with  ammonia  some  cobalt  is  al¬ 
ways  occluded  in  the  gelatinous  precipitate.  Noyes  and  Bray  (4) 
have  shown  that  2  mg.  of  cobalt  are  almost  wholly  retained  in  the 
hydroxide  precipitate  by  100  mg.  of  aluminum,  iron,  titanium, 
and  zirconium,  and  the  addition  of  larger  quantities  of  cobalt 
leads  to  further  occlusion.  The  use  of  potassium  cyanide  before 
precipitation  of  iron  with  ammonia  produces  a  clean  separation 
of  the  iron  from  cobalt,  but  the  presence  of  potassium  cyanide  is 
objectionable  in  the  subsequent  determination  of  the  cobalt. 

The  method  developed  by  Fairchild  (2),  in  which  the  trivalent 
metals  are  hydrolyzed  into  basic  alums,  also  takes  a  considerable 
time  and  does  not  remove  the  last  traces  of  iron  from  the  cobalt. 
In  the  zinc  oxide  precipitation  of  iron  some  cobalt  will  always  be 
retained  in  the  iron  precipitate  unless  three  precipitations  are 
carried  out.  It  is  also  very  difficult  to  be  certain  that  the  last 
traces  of  iron  have  been  precipitated  by  the  zinc  oxide.  The 
method  for  the  precipitation  of  iron  by  zinc  oxide  does  not  lend 
itself  to  precise  control  and  depends  too  much  on  judgment  by  the 
eye  alone.  Very  accurate  results  can  be  obtained  by  experienced 
workers  with  the  zinc  oxide  method,  but  these  are  largely  the 
result  of  a  compensation  of  errors  in  which  the  amount  of  cobalt 
lost  is  balanced  by  the  amount  of  iron  left  in  solution.  It  is  also, 
of  course,  impossible  to  determine  cobalt  directly  by  electrolysis 
after  a  zinc  oxide  precipitation. 

North  and  Wells  (3)  described  a  method  in  which  iron  is 
separated  from  cobalt  by  precipitation  with  dibasic  sodium 
phosphate.  This  method  permits  very  precise  control  of  all  the 


conditions  during  the  precipitation  and  forms  the  basis  of  the 
procedure  at  present  employed  in  this  laboratory. 

PRESENT  PROCEDURE 

Reagents.  Tribasic  Sodium  Phosphate  Solution.  Dissolve 
34.05  grams  of  reagent  quality  tribasic  sodium  phosphate  dodeca- 
hydrate,  Na3P04.12H20,  in  1  liter  of  water. 

Cobalt  Precipitating  Solution.  Dissolve  10  grams  of  a-nitroso- 
fl-naphthol  in  500  ml.  of  acetic  acid  and  heat  just  to  boiling. 
Add  500  ml.  of  water  and  filter. 

Acetic  Acid  Wash  Solution.  Add  25  ml.  of  acetic  acid  to  1  liter 
of  water. 

Cobalt  Indicator  Solutions.  (1)  Dissolve  0.05  gram  of  nitroso- 
R-salt  in  100  ml.  of  water.  (2)  Dissolve  0.5  gram  of  phenylthio- 
hydantoic  acid  in  100  ml.  of  hot  alcohol.  Either  indicator  solu¬ 
tion  may  be  used. 

SEPARATION  OF  COBALT 

Decompose  the  cobalt  samples  in  the  usual  way  with  concen¬ 
trated  hydrochloric  and  nitric  acids  and  1  to  1  sulfuric  acid,  add¬ 
ing  a  few  drops  of  bromine  or  hydrofluoric  acid  if  necessary.  In 
the  case  of  arsenical  cobalt  ores  Scott  and  Furman  (5)  advise 
removing  the  arsenic  in  the  decomposition  by  repeated  treat¬ 
ments  with  hydrochloric  and  sulfuric  acids  and  the  addition  of 
1.0  gram  of  sodium  thiosulfate. 

Sepabation  from  Hydrogen  Sulfide  Group  of  Elements. 
Separate  cobalt  from  copper,  bismuth,  cadmium,  mercury,  lead, 
tin,  arsenic,  antimony,  molybdenum,  etc.,  by  gassing  the  acid 
solutions  of  the  samples  with  hydrogen  sulfide  and  filtering. 

Separation  from  Iron.  Boil  off  the  excess  hydrogen  sulfide, 
cool  the  solutions  a  little,  and  make  up  to  approximately  350  ml. 
For  each  0.1  gram  of  iron  present  add  25  ml.  of  the  sodium  phos¬ 
phate  solution  plus  5  to  10  ml.  in  excess.  For  samples  containing 
appreciable  quantities  of  aluminum  and  other  elements  precipi¬ 
tated  as  phosphates,  more  sodium  phosphate  must  be  added  to 
ensure  complete  precipitation.  Add  ammonia  to  the  solution 
until  it  can  be  seen  that  purple  cobalt  phosphate  is  precipitating 
or  until  litmus  paper  turns  blue.  A  pH  of  approximately  5.6 
will  now  have  been  reached.  Add  10  ml.  of  acetic  acid  and  re¬ 
duce  the  pH  from  3.5  to  3.0.  Oxidize  the  solution  by  adding  5  to 
20  ml.  of  a  3%  solution  of  hydrogen  peroxide.  Add  sufficient 
hydrogen  peroxide  to  make  sure  that  all  the  iron  is  oxidized.  Ii 
the  amount  of  iron  present  in  the  sample  is  unknown,  then  add  2C 
ml.  of  the  phosphate  solution  at  first.  After  oxidation  add 
further  quantities  of  sodium  phosphate  solution  in  amounts  of  £ 
to  10  ml.  at  a  time  until  it  can  be  seen  that  a  small  excess  is  pres¬ 
ent.  The  precipitate  of  ferric  phosphate  should  come  down 
creamy  white  in  color. 

If  the  precipitate  of  ferric  phosphate  is  small  in  bulk,  boil  the 
samples  for  a  few  minutes  to  ensure  coagulation  of  the  precipi¬ 
tate,  but  if  there  is  a  large  amount  of  ferric  phosphate  present  heal 
the  samples  for  only  a  short  time;  otherwise  severe  bumping  wil 
take  place.  Filter  the  samples  through  No.  31  Whatman  filtei 
papers  to  which  a  little  paper  pulp  has  been  added.  Wash  the 
precipitates  seven  or  eight  times  with  hot  acetic  acid  wash  solu¬ 
tion.  Boil  the  samples  to  expel  the  excess  hydrogen  peroxide. 

For  the  rapid  analysis  of  samples  with  a  high  iron  and  coball 
content,  filter  off  the  ferric  phosphate  precipitate  on  a  Buchnei 
funnel  or  precipitate  the  iron  in  a  standard  liter  flask.  In  the 
latter  case,  after  precipitation  make  the  samples  up  to  the  litei 
mark  and  mix  well.  When  the  precipitate  has  settled  decani 
more  than  500  ml.  Filter  this  portion  through  a  dry  filter  papei 
and  take  exactly  500  ml.  for  determination  of  the  cobalt.  Tht 
amount  of  cobalt  retained  in  the  precipitate  will  be  very  small. 

DETERMINATION  OF  COBALT 

Separation  by  Precipitation  with  <x-Nitroso-/3-naphthol 
Before  precipitating  the  cobalt  add  5  to  10  ml.  of  the  sodiun 
phosphate  solution  and  a  few  drops  of  hydrogen  peroxide  to  makf 
sure  that  all  the  iron  has  come  down.  If  there  is  any  residua 
ferric  phosphate  filter  the  samples  again.  Add  4  ml.  of  hydro¬ 
chloric  acid  to  every  100  ml.  of  solution,  followed  by  25  ml.  of  tin 
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>balt  precipitating  solution  for  every  10  mg.  of  cobalt  present, 
oil  the  samples  gently  for  about  10  minutes  and  allow  them  to 
and  until  the  precipitate  has  settled.  Filter  off  the  precipitate 
trough  No.  42  Whatman  paper,  wash  well  with  hot  5%  hydro- 
lloric  acid  and  finally  with  hot  water,  and  ignite.  Weigh  the 
>balt  as  Co304.  If  desired,  the  precipitate  may  be  dissolved  in 
:ids,  evaporated  to  dryness  with  sulfuric  acid,  and  weighed  as 
ibalt  sulfate  ( 1 ). 

Not  more  than  50  mg.  of  cobalt  can  be  readily  precipitated  by 
tis  method.  Beyond  that  amount  it  appears  to  be  difficult  to 
lsure  complete  precipitation  by  the  reagent  without  contamina- 
on  from  occlusion. 

Separation  by  Electrodeposition.  Test  the  cobalt  solu- 
ons  for  the  presence  of  any  residual  iron  by  adding  5  to  10  ml.  of 
tiosphate  solution  and  a  few  drops  of  hydrogen  peroxide.  Re- 
uce  to  small  bulk  by  evaporation  and  filter  if  necessary.  Add  5 
•ams  of  sodium  tetraborate,  Na2IbO7.lOH.2O,  10  ml.  of  1  to  1 
llfuric  acid,  and  40  to  50  ml.  of  ammonia. 

Heat  the  solutions  to  90°  C.  and  electrolyze  at  3  amperes  and  6 
olts,  using  a  platinum  gauze  cathode  and  a  rotating  anode.  It  is 
etter  if  possible  to  electrolyze  at  4  or  5  amperes  and  in  no  case 
lould  the  electrolysis  be  carried  out  at  less  than  3  amperes, 
etter  results  will  always  be  obtained  if  the  cobalt  is  plated  out 
3  rapidly  as  possible. 

Towards  the  end  of  the  electrolysis  test  the  solutions  for  the 
resence  of  cobalt  by  either  of  the  two  indicator  solutions,  nitroso- 
,-salt  or  phenylthiohydantoic  acid.  When  a  drop  of  the  solution 
as  failed  to  give  a  red  coloration  with  a  drop  of  the  indicator 
ilution  on  a  spot  plate,  continue  the  electrolysis  for  a  further  15 
i  20  minutes.  Wash  the  cathodes  in  water  with  the  current 
inning,  then  remove  from  the  cabinet  and  wash  in  alcohol,  dry, 
nd  weigh. 

The  electrolytic  method  is  preferred  in  this  laboratory,  owing 

I  the  fact  that  much  larger  amounts  of  cobalt  can  be  determined. 

II  results  quoted  were  obtained  by  this  method. 

RESULTS 

Table  I  shows  the  results  obtained  on  various  mixtures  of  a 
ibalt  and  an  iron  solution.  The  amount  of  iron  solution  added 
1  each  case  was  equivalent  to  0.5  gram  of  iron,  and  this  was 
jparated  from  the  cobalt  by  one  precipitation  with  sodium 
hosphate. 


Table  I.  Recovery  of  Cobalt  from  Synthetic  Solutions  after 
Separating  Iron  with  Phosphate 


Solution 

No. 

Iron  Added 

Cobalt  Added 

Cobalt  Found 

Loss 

Gram 

Mg. 

Mg. 

Mg. 

1 

0.5 

40.9 

40.9 

Nil 

2 

0.5 

61.3 

61.1 

0.2 

3 

0.5 

81.8 

81.8 

Nil 

4 

0.5 

102.3 

102.3 

Nil 

Table  II  contains  results  on  various  typical  Nkana  samples, 
'he  results  obtained  by  the  phosphate  method  were  checked 
arefully  throughout  for  any  loss  of  cobalt.  The  iron  precipitates 
;ere  dissolved  and  tested  for  cobalt  colorimetrically  and  none 
■as  found.  The  results  are  compared  with  those  given  by  other 
workers  using  the  zinc  oxide  method.  The  latter  results  were 
btained  only  after  much  careful  work  and  time  had  been  spent 
n  the  samples. 

DISCUSSION 

Ferric  iron  is  precipitated  from  a  solution  of  ferric  sulfate  by 
ribasic  sodium  phosphate  according  to  the  reaction : 

2Na3P04  +  Fe2(S04)3  — >  2FeP04  +  3Na2S04 

This  means  that  1.0  gram  of  Fe+++‘  requires  6.81  grams  of 
ribasic  sodium  phosphate  dodecahydrate.  This  reaction  takes 
dace  at  a  pH  of  approximately  1 .6.  The  sodium  phosphate 
i  solution  is  made  up  to  contain  34.05  grams  of  sodium  phosphate 
n  1  liter  so  that  100  ml.  of  this  solution  wilj  precipitate  0.5  gram 
pf  Fe+f+.  In  the  absence  of  other  elements  precipitated  by 


Table  II.  Separation  of  Cobalt  from  Iron  in  Metallurgical  Products 
with  Sodium  Phosphate  and  Zinc  Oxide 


Sample 

Mill  feed 
Cobalt  oxide  ore 
Cobalt  concentrate 
Cobalt  reverberatory  matte 
Copper  converter  slag 
Cobalt  converter  slag 
Cobalt  alloy 


Cobalt 


Iron 

Sodium  phosphate 
precipitation 
of  iron 

Zinc  oxide 
precipitation 
of  iron 

% 

% 

% 

2.38 

0. 14 

0.14 

2.98 

0.55 

0.55 

7.77 

2.40 

2.40 

13.62 

3.78 

3.79 

40.87 

4.95 

4.95 

38.10 

9.44 

9.45 

48.37 

36.80 

36.80 

phosphate,  very  little  excess  of  the  phosphate  solution  need  be 
added.  A  necessary  condition  for  the  precipitation  of  iron  by  the 
phosphate  in  stoichiometric  proportions  is  the  complete  Oxidation 
of  the  iron.  In  any  case  a  large  excess  of  phosphate  should  be 
avoided;  otherwise  some  of  the  cobalt  is  precipitated  as  the 
phosphate  on  the  addition  of  ammonia  before  electrolysis. 

The  ferric  phosphate  precipitate  is  somewhat  bulky  and  the 
maximum  amount  of  precipitate  which  can  be  conveniently 
handled  is  that  given  by  0.5  gram  of  iron.  For  rapid  analysis  it 
is  best  to  select  a  weight  of  sample  such  that  not  more  than  0.3 
gram  of  iron  is  present.  For  routine  work  large  quantities  of 
ferric  phosphate  may  be  conveniently  filtered  and  washed  on  a 
Buchner  funnel.  Samples  which  contain  a  large  amount  of  iron 
(60%  and  over)  and  a  small  amount  of  cobalt  (2.5%  and  under) 
are  analyzed  in  this  laboratory  by  an  ammonium  thiocyanate 
colorimetric  method  shortly  to  be  published. 

It  has  been  found  by  experiment  that  the  method  of  adjust¬ 
ment  of  the  pH  for  the  precipitation  of  iron  as  given  above  gives 
the  best  results.  No  cobalt  is  retained  by  the  iron  under  these 
conditions.  It  is  also  better  to  oxidize  the  iron  after  addition  of 
the  phosphate  and  adjustment  of  the  pH  rather  than  before. 

The  ferric  phosphate  precipitate  should  be  washed  with  a 
dilute  acetic  acid  wash  solution.  II  water  alone  is  used  and  ex¬ 
cess  phosphate  is  present  there  is  a  danger  of  precipitating  some 
cobalt  as  the  phosphate  in  the  pores  of  the  flocculent  precipitate. 
Since  ferric  phosphate  is  insoluble  in  acetic  acid,  the  iron  pre¬ 
cipitate  is  not  redissolved  by  the  wash  solution. 

INTERFERING  IONS 

It  is  beyond  the  scope  of  this  paper  to  discuss  all  the  ions 
which  may  have  to  be  separated  in  the  determination  of  cobalt. 
Ores  carrying  the  rarer  elements  would  have  to  be  treated  with 
special  methods.  The  separation  of  the  more  common  elements 
may  be  outlined  here. 

The  separation  of  iron  as  phosphate  follows  prior  removal  of 
silica,  together  with  barium  and  lead,  by  dehydration  with 
sulfuric  acid.  Tungsten  will  also  be  removed  in  the  preliminary 
decomposition  by  the  usual  procedures.  A  number  of  elements, 
such  as  copper,  bismuth,  arsenic,  antimony,  and  molybdenum, 
will  be  eliminated  by  treatment  with  hydrogen  sulfide  in  acid 
solution.  .  . 

Aluminum  is  completely  precipitated  with  the  iron  at  a  pH  of 
3.5.  It  must  be  remembered  that  1  gram  of  aluminum  requires 
14.1  gram  of  sodium  phosphate  dodecahydrate  for  its  precipita¬ 
tion,  so  that  if  much  of  this  element  is  present  a  large  quantity 
of  phosphate  must  be  added  and  it  is  also  advisable  to  allow  the 
samples  to  stand  for  a  short  time  after  precipitation.  Zirconidm 
and  titanium  will  be  completely  precipitated  with  the  ferric  phos¬ 
phate.  If  much  titanium  is  present,  the  phosphate  precipitate  will 
be  yellow  in  color  after  the  addition  of  hydrogen  peroxide. 
Manganese,  vanadium,  and  chromium  are  not  precipitated  as 
phosphate  under  these  conditions.  Uranium  is  precipitated 
quantitatively  with  iron  by  sodium  phosphate.  Uranium  phos¬ 
phate  appears  to  have  a  slightly  greater  occluding  power  towards 
cobalt  than  does  ferric  phosphate,  and  for  accurate  cobalt  deter¬ 
minations  in  the  presence  of  much  uranium  it  would  be  necessary 
to  dissolve  and  reprecipitate  the  uranium  phosphate.  Zinc  may 
be  separated  from  cobalt  as  the  phosphate  by  carefully  adjusting 
the  pH  to  4.5  to  4.8  with  acetic  acid  by  a  pH  meter.  Nickel  can- 
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Tabic  III.  Adsorption  of  Cobalt  by  Iron  Precipitates 


Precipitant 
for  Iron 


Ammonia 
Zinc  oxide 
Sodium  phosphate 


Cobalt  Present  Cobalt  Found  Loss 

%  oj 

Mg.  Mg.  total  cobalt 

184.0  61.2  66.74 

47.2  40.8  13.56 

184.0  182.2  0.98 


not  be  separated  as  the  phosphate,  since  the  pH  of  the  precipita¬ 
tion,  6.3,  is  higher  than  that  of  cobalt,-  5.3. 

Few  elements  interfere  with  the  determination  of  cobalt  by  a- 
nitroso-j3-naphthol  after  the  phosphate  separation.  Copper, 
palladium,  and  ferric  salts  are  precipitated  completely  with  the 
cobalt,  while  silver,  chromium,  vanadium,  uranium,  and  bismuth 
are  precipitated  but  not  quantitatively.  The  more  common  ele¬ 
ments  which  are  likely  to  interfere  are  either  removed  with  the 
hydrogen  sulfide  group  or  as  phosphate  with  the  iron,  except 
chromium  and  vanadium.  These  two  elements  may  be  elimi¬ 
nated  by  a  sodium  hydroxide  separation.  Zinc,  manganese,  and 
nickel  do  not  interfere.  If  there  are  large  quantities  of  other 
elements  present,  however,  the  voluminous  precipitate  of  cobalt 
is  apt  to  adsorb  other  ions,  and  it  is  then  advisable  to  carry  out 
this  precipitation  twice. 

The  ions  of  some  metals  will  interfere  with  the  electrolysis  of 
cobalt  either  by  depositing  with  it  or  by  precipitating  as  hydrox¬ 
ides  or  phosphates  which  retain  cobalt.  Unless  zinc  has  previ¬ 
ously  been  completely  separated  it  will  form  complex  cations  in 
excess  ammonia  and  be  deposited  with  the  cobalt.  Nickel  will 
also  be  deposited  with  the  cobalt  and  may  be  determined  by  dis¬ 
solving  the  cathode  deposit  in  nitric  acid  and  separating  with 
dimethylglyoxime  in  the  usual  manner.  If  a  large  excess  of 
phosphate  has  been  used  in  precipitating  iron,  calcium,  stron¬ 
tium,  and  magnesium  will  be  precipitated  in  the  ammoniacal 
electrolytic  solution  and  may  occlude  some  cobalt.  If  a  large 
quantity  of  calcium  is  present  it  may  be  precipitated  as  the  oxa¬ 
late  after  the  phosphate  separation.  If  much  magnesium  is  pres¬ 
ent  an  excess  of  phosphate  must  be  rigorously  avoided.  Chro¬ 
mium  will  be  precipitated  as  the  hydroxide  in  the  ammoniacal 
electrolytic  solution.  Since  this  precipitate  may  occlude  some 
cobalt,  the  chromium  should  be  previously  separated  with  sodium 
hydroxide  and  spdium  peroxide.  If  large  quantities  of  manga¬ 


nese  are  present  they  may  be  removed  by  initial  treatment  wit! 
nitric  acid  and  potassium  chlorate,  or  the  separation  of  cobalt  anc 
manganese  phosphates  can  be  carried  out  in  the  presence  o 
ammonium  citrate  ( 1 ).  When  small  quantities  of  manganesi 
are  fully  oxidized  and  the  electrolysis  is  not  unduly  prolonged 
after  deposition  of  all  the  cobalt,  manganese  will  not  deposit  oi 
the  cathode,  provided  also  that  the  concentration  of  arnmoni. 
in  the  electrolytic  solution  is  kept  high.  Vanadium  forms  ; 
complex  with  cobalt  in  the  ammoniacal  electrolytic  solution  am 
it  is  then  impossible  to  deposit  any  of  the  cobalt  on  the  cathode 
Vanadium  should  be  previously  separated  with  sodium  hydroxid- 
and  sodium  peroxide. 

COMPARATIVE  RETENTIVE  POWERS  OF  IRON  PRECIPITATES 

Iron  was  separated  from  cobalt  in  various  samples  by  th- 
method  of  precipitation  in  a  liter  flask  and  decantation.  Th 
precipitants  used  were  ammonia,  zinc  oxide,  and  sodium  phos 
phate  solution.  The  amount  of  iron  present  varied  from  0.4  b 
0.5  gram.  The  results  are  given  in  Table  III. 

Many  analytical  texts  recommend  the  separation  of  iron  froc 
cobalt  by  the  addition  of  zinc  oxide  to  a  volumetric  flask  coa 
taining  the  solution  of  the  sample,  followed  by  the  withdraws 
of  an  aliquot  portion  of  the  supernatant  liquid  for  the  determina 
tion  of  cobalt.  Table  III  indicates  that  this  practice  may  b 
unsatisfactory  even  for  routine  work.  On  the  other  hand,  sodiur 
phosphate  can  be  used  for  all  routine  work  in  this  manner,  sine 
the  adsorptive  power  of  ferric  phosphate  for  cobalt  is  shown  i 
Table  III  to  be  very  low. 
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Colorimetric  Determination  of  Cobalt  with 
Ammonium  Thiocyanate 

R.  S.  YOUNG  AND  A.  J.  HALL,  Central  Laboratory,  Nkana,  Northern  Rhodesia 


A  rapid  and  accurate  colorimetric  method  is  given  whereby  cobalt 
may  be  determined  in  the  presence  of  other  common  ions.  This 
method  can  be  extremely  valuable  in  the  laboratories  of  mining  and 
metallurgical  industries  where  routine  determinations  of  cobalt  are 
carried  out.  The  useful  range  for  this  procedure  lies  within  the 
limits  0.01  to  4.0%  cobalt. 

THE  alkali  thiocyanates  have  been  used  by  many  workers  to 
detect  the  presence  of  small  quantities  of  cobalt.  Potas¬ 
sium  and  ammonium  thiocyanates  form  complexes  with  cobalt 
which  are  represented  by  the  formulas  K2Co(SCN)4  and  (NH4)2- 
Co(SCN)4.  These  complexes  may  be  extracted  from  aqueous 
solutions  by  organic  solvents.  A  rapid  and  accurate  method  for 
the  determination  of  cobalt  in  ores  and  concentrates  has  been  de¬ 
veloped  in  the  Nkana  laboratory  by  comparing  the  blue  color  of 
these  extracts  of  the  cobalt  complex  by  either  visual  or  photo¬ 
electric  means.  The  method  has  been  investigated  in  great  de¬ 
tail  and  applied  successfully  to  the  determination  of  cobalt  in 
various  mining  and  metallurgical  samples  in  Northern  Rhodesia 
for  the  past  three  years. 

The  alkali  thiocyanate  complexes  of  cobalt  were  first  described 
by  Skey  (&),  Morrell  (4),  and  Vogel  (9)  in  the  years  1868  to  1879. 


Since  that  time  a  number  of  papers  have  appeared  on  this  sul 
ject,  but  the  most  notable  contributions  have  been  presented  b 
Treadwell  ( 8 ),  Powell  (5),  Feigl  and  Stern  (I),  Tomula  (7),  an 
Gorski  (£). 

Treadwell  treated  a  solution  of  a  cobalt  salt  with  concentrate 
ammonium  thiocyanate  and  extracted  the  complex  with  am; 
alcohol  or  with  a  mixture  of  one  part  of  amyl  alcohol  to  one  pai 
of  ether.  A  pure  extract  of  the  complex  shows  a  characterist 
absorption  spectrum.  If  ferric  iron  is  present  in  the  coba 
solution,  ferric  thiocyanate  is  formed  which  colors  the  alcohi 
extract  red.  The  iron  may  be  removed  by  treatment  wit 
sodium  hydroxide.  Treadwell  quotes  Vogt’s  analysis  of  ti 
ammonium  thiocyanate  complex  which  gives  Co  =  18.01%,  S  = 
39.15%,  and  NH4  =  10.42%.  This  is  calculated  to  the  formuJ 
(NH4)2Co(SCN)4.  This  complex  is  easily  decomposed  even  b 
damp  air  to  give  cobalt  and  ammonium  thiocyanates. 

Powell  considered  the  minimum  concentration  of  animoni«u 
thiocyanate  necessary  for  the  formation  of  the  cobalt  comple 
was  25%  and  preferred  to  use  30%.  Varying  results  were  ol 
tained  according  to  the  acidity  or  alkalinity  of  the  cobalt  solutioi 
Sodium  pyrophosphate  may  be  used  to  suppress  the  color  due  t 
iron. 

Feigl  preferred  acetone  as  a  solution  medium  for  the  complt 
in  drop  reactions  for  the  detection  of  cobalt.  The  color  of  tl 
complex  is  stronger  if  saturated  solutions  of  ammonium  thic 
cyanate  are  used.  .The  fixation  of  iron  may  be  brought  about  b 
the  addition  of  phosphate,  but  all  the  methods  for  the  suppressio 
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the  color  due  to  iron  are  effective  only  if  the  latter  is  present  in 
uch  less  amount  than  the  cobalt. 

Tomula  carried  out- experiments  to  determine  the  maximum 
mcentration  of  thiocyanate  which  was  necessary  to  produce  the 
eatest  intensity  of  color  of  the  complex.  For  a  cobalt  concen- 
ation  of  1.192  X  10“ 4  mole  of  cobalt  chloride  per  liter  a  5% 
mcentration  of  thiocyanate  was  sufficient.  Acetone  may  be  pre- 
rred  as  a  solution  medium  for  the  complex.  Nickel  salts  form  a 
een  complex  with  the  thiocyanate  which  is  not  soluble  in  ace- 
ne,  but  the  presence  of  this  green  complex  necessitates  the  use 
yellow  filters  in  the  colorimeter.  Tomula  quotes  the  work  of 
itz  as  showing  that  the  capacity  of  a  solvent  for  preventing  de- 
unposition  of  a  complex  varies  inversely  as  its  dielectric  con- 
ant. 


Figure  1.  Calibration  Curve  for  Ammonium 
Cobaltothiocyanate 


In  the  method  given  by  Gorski  for  the  detection  of  small 
nounts  of  cobalt  15  ml.  of  ethyl  alcohol  and  5  ml.  of  a  5  N  solu- 
in  of  potassium  or  ammonium  thiocyanate  are  added  to  5  ml. 
the  test  solution.  The  concentration  of  thiocyanate  in  the 
ixture  is  now  1  N.  By  this  method  0.003  mg.  of  cobalt  may  be 
ffermined. 


REAGENTS 

Ammonium  Thiocyanate  Solution.  Dissolve  600  grams  of 
nmonium  thiocyanate,  NH4CNS,  in  1  liter  of  water. 

Sodium  Phosphate  Solution.  Dissolve  83.3  grams  of  tribasic 
dium  phosphate  dodecahydrate,  Na3P04.12H20,  in  1  liter  of 
ater. 

Sodium  Thiosulfate  Solution.  Dissolve  200  grams  of  sodiirtn 
iosulfate,  Na2S203.5H20,  in  1  liter  of  water. 

Combined  Sodium  Phosphate  and  Thiosulfate  Solution.  To 
crease  the  speed  of  the  analysis  the  sodium  phosphate  and  thio- 
ilfate  solutions  may  be  combined  in  one.  It  is  not  advisable  to 
elude  the  ammonium  thiocyanate  in  this  also.  Dissolve  125 
ams  of  Na2S203.5H20  and  31.25  grams  of  Na3P04.12Ho0  in  1 
er  of  water. 

Ammonium  Acetate  Solution.  Dissolve  700  grams  of  ammo- 
urn  acetate,  NH4C2H302,  in  1  liter  of  water. 

Tartaric  Acid  Solution.  Dissolve  50  grams  of  tartaric  acid, 
'iHgOe,  in  100  ml.  of  water. 

Amyl  Alcohol-Ether  Mixture.  Mix  3  parts  by  volume  of  amyl 
cohol  with  1  part  of  ethyl  ether. 

METHODS  OF  COMPARISON 

Visual.  The  color  of  the  cobalt  thiocyanate  complex  fades 
ter  a  short  time  and  therefore  a  permanent  set  of  standards 
innot  be  made  up  from  organic  solutions  of  the  complex.  Solu- 
ons  of  copper  sulfate  may  be  used  as  permanent  standards,  since 


the  blue  color  of  the  copper  sulfate  solutions  matches  almost 
identically  the  blue  of  the  cobalt  complex.  Copper  sulfate  solu¬ 
tions  are  made  up  to  match  varying  amounts  of  cobalt  and  are 
kept  in  sealed  test  tubes.  The  color  of  these  will  last  for  a  con¬ 
siderable  period,  but  the  standards  should  be  checked  against 
known  amounts  of  cobalt  from  time  to  time. 

A  solution  of  copper  sulfate  iii  water  containing  8  grams  of 
cupric  sulfate  pentahydrate  per  liter  will  match  an  extract  con¬ 
taining  0.02  mg.  of  cobalt  per  10  ml.  By  progressively  increasing 
the  strength  of  the  standard  solutions  by  8  p-ams  of  cupric  sulfate 
pentahydrate,  a  range  of  standards  is  obtained  which  will  match 
extracts  of  the  cobalt  complex  at  intervals  of  0.02  mg.  of  cobalt. 
It  has  not  been  found  practicable  to  take  this  set  of  standards  be¬ 
yond  0.40  mg.  of  cobalt.  This  means  that  the  final  standard 
will  contain  160  grams  of  cupric  sulfate  pentahydrate  per  liter. 

In  Table  I  are  given  the  weights  of  samples  taken  and  the  dilu¬ 
tions  according  to  the  percentage  of  cobalt  present  in  the  sample. 

The  number  of  milligrams  of  cobalt  present  in  an  extract  is 
ascertained  by  matching  the  color  with  that  of  the  standard  solu¬ 
tions.  To  obtain  the  percentage  of  cobalt  present  in  the  sample 
this  number  of  milligrams  is  taken  multiplied  by  one  of  the  factors 
given  in  the  final  column  of  Table  I  according  to  the  weight  of 
sample  taken  and  the  dilution.  For  example,  let  us  assume  that  a 
0.5-gram  sample  is  taken,  and  its  solution  is  diluted  to  50  ml. 
From  this  solution  5  ml.  are  taken  to  give  the  cobalt  complex. 
The  extract  of  this  complex  matches  a  standard  corresponding  to 
0.24  mg.  of  cobalt.  By  multiplying  0.24  mg.  by  2  a  percentage  of 
0.48  for  cobalt  is  obtained.  Since  0.24  mg.  of  cobalt  were  present 
in  the  aliquot  the  percentage  of  cobalt  in  the  sample  is  seen  to  be 

0.00024  X  10  X  ^  =  0.48%. 

0.5 

Photoelectric.  A  calibration  curve  for  the  color  intensities 
of  the  extracts  of  the  cobalt  complex  may  be  drawn  up  by  means 
of  an  absorptiometer. 

For  this  work  a  Spekker  photoelectric  absorptiometer  was  used 
with  1-cm.  glass  cells  and  Spekker  red  filter  No.  1.  The  absorp¬ 
tion  of  light  by  the  complex  was  in  each  case  compared  with  the 
absorption  of  a  blank  mixture  of  amyl  alcohol  and  ether  extracted 
from  the  reagents.  In  the  construction  of  the  curve  10-ml.  ex¬ 
tracts  of  the  cobalt  complex  ranging  from  0.02  to  0.50  mg.  of 
cobalt  were  used.  In  this  case  the  increment  of  cobalt  content 
was  again  0.02  mg.  Only  the  intermediate  points  of  the  calibra¬ 
tion  curve  are  shown  in  Figure  1 . 


Table  I-  Weights  and  Dilutions  of  Samples 
of  Cobalt  Present 

Sample 

According 

Aliquot 

to  Percentage 

Factor  for 

Taken  for 

Taken  for 

°/o 

in  Sample 

Analysis 

Dilution 

Analysis 

Cobalt 

% 

Grams 

Ml. 

Ml. 

0.01  to  0.20 

2.0 

50 

5 

0.5 

0. 16  to  0.80 

0.5 

50 

5 

2 

0 . 80  to  3 . 20 

0.5 

200 

5 

8 

PROCEDURE 

Decompose  the  cobalt  samples  with  10  ml.  of  nitric  acid  and  20 
ml.  of  hydrochloric  acid,  adding  a  few  drops  of  bromine  or  hydro¬ 
fluoric  acid  if  necessary.  Decompose  samples  having  a  high  iron 
content  with  a  solution  of  nitric  acid  and  potassium  chlorate. 
Take  the  samples  down  to  dryness  but  do  not  bake.  Traces  of 
nitric  acid  have  no  effect  on  the  formation  of  the  thiocyanate  com- 
plex. 

Take  up  the  samples  in  approximately  25  ml.  of  water,  and  add 
exactly  1  ml.  of  hydrochloric  acid  for  every  50  ml.  of  subsequent 
dilution  of  the  sample.  To  effect  solution  boil  the  samples  gently 
for  a  few  minutes.  Cool  the  solutions  and  wash  out  into  appro¬ 
priate  measuring  cylinders  or  calibrated  flasks.  The  amount  of 
dilution  of  the  samples  depends  on  the  amount  of  cobalt  present 
and  can  be  read  off  from  Table  I. 

After  dilution  the  pH  of  the  sample  solutions  is  1.0  to  0.9. 
This  is  one  of  the  most  important  steps  in  the  analysis.  In 
samples  where  the  percentage  of  cobalt  is  entirely  unknown  and 
the  first  dilution  attempted  has  proved  insufficient,  it  is  of  no  use 
to  try  further  dilution  unless  the  pH  is  adjusted  by  the  careful 


266 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  18,  No.  4 


addition  of  more  acid  with  the  help  of  a  pH  meter.  It  is  better 
otherwise  to  weigh  out  another  and  smaller  amount  of  sample. 

Cobalt  Samples  with  Less  Than  40%  Iron.  Measure  out 
5  ml.  of  sodium  thiosulfate  solution,  3  ml.  of  sodium  phosphate 
solution  (or  8  ml.  of  the  combined  sodium  thiosulfate  and  phos¬ 
phate  solution),  and  10  ml.  of  ammonium  thiocyanate  solution. 
Add  with  vigorous  agitation  5  ml.  of  the  solution  of  the  sample. 
The  pH  is  now  3.5  to  4.0  and  the  concentration  of  ammonium 
thiocyanate  is  26%. 


Table  II.  Gravimetric  and  Colorimetric  Determinations  of  Cobalt  in- 
Metallurgical  Products 

Per  Cent  Cobalt 


Gravimetric 

Colorimetric 

Difference 

Mill  tails 

0.06 

0.06 

0.00 

Mill  feed 

0.14 

0.14 

0.00 

Cobalt  oxide  ore 

0 . 55 

0.56 

+  0.01 

Primary  cobalt  concentrate 

0.70 

0.68 

-0.02 

Secondary  cobalt  concentrate 

3.04 

3.04 

0  00 

Cobalt  concentrate 

2.40 

2.40 

0.00 

Copper  concentrate 

0.64 

0.64 

0.00 

Cobalt  gravity  concentrate 

10.15 

10.00 

-0.15 

Cobalt  gravity  tails 

0.21 

0.20 

-0.01 

Copper  reverberatory  slag 

1.47 

1.44 

-0.03 

Cobalt  reverberatory  slag 

0.63 

0.64 

+  0.01 

Cobalt  reverberatory  matte 

3.79 

3.84 

+  0.05 

Electric  furnace  slag 

2.21 

2.24 

+  0.03 

TJ.  S.  Bureau  of  Standards  No.  115 

0.08 

0.08 

0.00 

Add  10  ml.  of  the  amyl  alcohol-ether  mixture  and  shake  the 
whole  thoroughly  again.  Transfer  to  a  separatory  funnel,  run  off 
the  lower  aqueous  layer,  and  discard.  Transfer  the  solution  of 
the  cobalt  complex  to  a  test  tube  or  a  1-cm.  absorptiometer  cell. 
For  visual  comparison  match  the  intensity  of  color  of  the  test 
solution  with  the  standard  copper  sulfate  solutions.  The  com¬ 
parison  may  be  carried  out  in  a  LaMotte  comparator  for  hydro¬ 
gen-ion  determinations  with  a  source  of  artificial  light,  or  the 
tubes  may  simply  be  held  against  a  white  background  out  of 
direct  sunlight.  It  will  be  found  possible  to  take  a  reading  half¬ 
way  between  any  two  standards  if  the  color  of  the  test  solutions 
ies  between  them. 

In  the  photoelectric  comparison,  absorption  of  the  test  solution 
is  compared  with  an  amyl  alcohol-ether  blank.  The  amount  of 
cobalt  present  in  the  test  solution  is  then  read  off  from  the  cali¬ 
bration  curve. 

By  either  means  of  comparison  the  amount  in  milligrams  of 
cobalt  present  in  the  extract  is  obtained  and  the  percentage  of 
cobalt  in  the  sample  is  given  by  multiplying  by  the  appropriate 
factor  showm  in  the  last  column  of  Table  I. 

Cobalt  Samples  with  More  Than  40%  Iron.  Carry  out 
the  analysis  of  these  samples  in  exactly  the  same  way  as  for  sam¬ 
ples  with  less  iron,  but  in  this  case  add  2  ml.  of  ammonium  acetate 
solution  and  3  drops  of  tartaric  acid  solution.  The  pH  is  still'3.5 
to  4.0  and  the  concentration  of  ammonium  thiocyanate  is  24%. 

INTERFERING  IONS 

Copper  does  not  interfere  with  the  production  of  the  blue  color 
of  the  cobalt  complex  even  'when  it  is  present  in  amount  equaling 
60%  of  the  sample. 

Iron,  if  present  in  amount  greater  than  40%  of  the  sample,  will 
interfere  unless  ammonium  acetate  and  tartaric  acid  are  used. 

Chromium,  manganese,  nickel,  zinc,  titanium,  molybdenum, 
and  uranium  do  not  give  colored  complexes  which  are  soluble  in 
amyl  alcohol  and  ether.  Other  common  elements  such  as  silica, 
aluminum,  calcium,  magnesium,  phosphorus,  bismuth,  arsenic, 
lead,  and  the  alkalies  are  without  effect. 

Vanadium  under  these  conditions  also  forms  a  blue  complex 
which  is  extracted  by  the  amyl  alcohol-ether  solution.  If,  how¬ 
ever,  ammonium  acetate  and  tartaric  acid  are  added  to  the  re¬ 
agents  this  blue  complex  is  not  formed,  and  vanadium  will  not 
interfere  with  the  determination  of  cobalt. 

SENSITIVITY 

The  smallest  amount  of  cobalt  which  can  be  conveniently 
determined  by  either  visual  or  photoelectric  comparison  is  0.02 
mg.  It  can  be  seen  from  the  calibration  graph  obtained  from  the 


absorptiometer  readings  that  the  relationship  between  the  color 
intensity  of  the  cobalt  complex  and  the  cobalt  content  of  the  ex¬ 
tracts  is  not  linear  but  follows  a  curve  of  wide  radius.  The  last 
three  standards  employed  in  the  visual  comparison  are  slightly 
more  intense  in  color  than  corresponding  extracts  of  cobalt,  so 
that  accurate  determinations  cannot  be  carried  beyond  0.40  mg. 
of  cobalt  at  the  most.  By  use  of  an  absorptiometer  accurate 
determinations  can  be  obtained  up  to  0.50  mg.  of  cobalt. 

Using  the  range  0.02  to  0.50  mg.  of  cobalt,  accurate  determina¬ 
tions  have  been  carried  out  on  Nkana  samples  between  0.01  and 
4.00%  cobalt.  By  taking  smaller  weights  of  sample,  it  has  been 
possible  to  estimate  cobalt  up  to  10%  with  a  sufficient  degree  of 
accuracy  for  rapid  works  practice. 

RESULTS 

• 

A  number  of  results  of  the  colorimetric  method,  obtained  by 
both  visual  and  photoelectric  comparisons,  are  given  in  Table  II, 
compared  with  the  percentages  of  cobalt  obtained  by  careful 
gravimetric  analyses. 

DISCUSSION 

A  pH  of  1.0  to  0.9  for  the  solution  of  the  sample  was  found  by 
experiment  to  be  the  optimum  for  the  formation  of  the  cobalt 
complex.  If  the  pH  is  higher  than  this  the  color  is  not  so  strongly 
developed,  while  if  it  is  lower  it  is  impossible  to  suppress  with 
small  amounts  of  phosphate  the  color  due  to  iron.  A  final  pH  of 
3.5  to  4.0  in  the  solution  of  reagents  and  sample  is  well  below  the 
precipitation  pH  of  cobalt  phosphate,  which  is  about  5.3. 

Sodium  thiosulfate  has  been  found  to  be  an  efficient  reducing 
agent  for  the  iron.  Other  reagents  such  as  stannous  chloride  and 
hydrogen  sulfide  gas  have  been  tried  out  but  were  not  found  so 
satisfactory. 

A  concentration  of  24  to  26%  ammonium  thiocyanate  is  suffi¬ 
cient  to  produce  the  maximum  color  intensity  for  amounts  of 
cobalt  ranging  from  0.02  to  0.40  mg.  For  quantities  of  cobalt  up 
to  approximately  0.14  mg.  a  concentration  of  17%  ammonium 
thiocyanate  is  sufficient,  but  beyond  this  26%  concentration  must 
be  used.  It  is  not  so  convenient  in  routine  analyses  to  alter  the 
concentration  of  a  reagent  according  to  the  samples  and  therefore 
a  standard  concentration  of  24  to  26%  ammonium  thiocyanate 
has  been  given  in  the  procedure.  Increasing  the  amount  of  thio¬ 
cyanate  beyond  26%  did  not  further  intensify  the  color. 

The  dielectric  constant  of  amyl  alcohol  at  0°  C.  and  infinite 
wave  length  is  17.4  ( 3 ).  The  dielectric  constant  of  ethyl  ether  is 
4.68.  A  mixture  of  these  two  organic  liquids  will  then  have  a 
lower  dielectric  constant  and  greater  capacity  for  preventing  de¬ 
composition  of  the  complex  than  methyl  alcohol,  ethyl  alcohol,  or 
acetone  which  have  dielectric  constants  of  35.0,  28.4,  and  26.6, 
respectively.  A  mixture  of  3  parts  by  volume  of  amyl  alcohol  to  1 
part  of  ether  has  been  found  to  give  a  maximum  intensity  of  color. 

The  use  of  ammonium  acetate  and  tartaric  acid  solution  makes 
it  possible  to  determine  cobalt  on  samples  high  in  iron  and 
vanadium.  By  this  method  small  amounts  of  cobalt  may  be 
determined  in  steels  and  in  the  iron  precipitates  in  a  gravimetric 
analysis  of  cobalt. 
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Most  Economic  Sampling  for  Chemical  Analysis 

C.  WEST  CHURCHMAN1,  Frankford  Arsenal,  Philadelphia,  Pa. 


IN  AN  expository  article  (S),  Mandel  has  outlined  the  appli¬ 
cation  of  modem  statistical  methods  to  chemical  experi¬ 
ments.  It  is  the  purpose  of  this  paper  to  acquaint  the  chemist 
with  a  recently  developed  technique  of  analysis  of  data,  known 
as  “sequential  analysis”,  that  has  important  application  to 
chemical  analyses.  The  new  method  is  designed  to  enable  the 
experimenter  to  reach  a  decision  with  the  minimum  number  of 
observations,  and  is  based  upon  ( 6 )  and  (7).  The  interested 
reader  will  find  it  profitable  to  obtain  these  papers,  since  their 
application  is  more  general  than  the  subject  matter  of  this  paper; 
a  more  extended  memorandum  on  the  present  subject  has  also 
been  issued  ( 2 ) . 

The  problem  of  interest  here  is  the  following: 

The  experimenter,  by  his  qualitative  and  elementary  analysis 
and  molecular  weight  determinations,  together  with  certain 
theoretical  considerations,  has  decided  that  the  compound  is  one 
of  two  or  more  possibilities;  how  many  determinations  shall  he 
make  in  order  to  obtain  a  certain  degree  of  confidence  in  his 
analysis? 

This  problem  is  of  wide  application,  as  can  be  seen  from  the 
following  notes  of  H.  Gisser,  Frankford  Arsenal  Ordnance  Labora¬ 
tory,  who  suggested  the  need  for  an  exact  mathematical  pro¬ 
cedure  in  these  matters: 

In  the  study  of  Diels’  hydrocarbon  (from  selenium  dehydro¬ 
genation  of  cholesterol)  the  first  suggested  formula  was  Ci8Hi6. 
From  available  analyses,  Ruzicka  (5)  suggested  it  might  be 
C17H14.  Later  work  proved  CisHi6  correct.  Elucidation  of  the 
structure  of  retene  (CisILs)  was  delayed  because  of  poor  analyti¬ 
cal  results.  Fieser  reports  that  although  derivatives  and  deg¬ 
radation  products  of  retene  had  been  prepared  in  pure  condi¬ 
tion,  the  relationship  between  them  remained  obscure  until  the 
analytical  investigations  of  Bamberger  and  Hooker  ( 1 )  cleared 
up  the  empirical  formulas.  The  formulas  previously  assigned 
required  revision.  Concerning  the  structure  of  morphine,  the 
following  estimates  are  found  in  the  literature:  Liebig  (1831) 
C34H3606N2;  Regnault  (1838)  C35H4o05N2;  Laurent  (1847) 
C34H3806N2,  the  last  corresponding  to  the  present  accepted 
formula  Ci7Hi903N.  On  the  structure  of  a  papaverine  Merck 
gave  (1848)  C2oILi04N ;  Hesse  gave  (1870)  C2iH2i04N,  and  his 
results  were  confirmed  by  other  laboratories;  Merck’s  formula 
was  later  shown  to  be  correct. 

PRELIMINARY  REMARKS 

In  the  application  of  statistical  methods  to  the  problem  of 
determining  the  formulas  of  organic  compounds,  the  following 
is  presupposed: 

1.  The  formula  is  one  of  two  possibilities.  From  these  two 
possibilities,  the  chemist  can  calculate  the  expected  percentage 
for  each  element  (or  for  some  derivative  compound). 

2.  The  variance  has  been  calculated  for  each  set  of  readings. 
As  in  (1),  the  estimate  of  the  variance  is  given  by  the  formula: 

N 


(la  —  l)2 


where  2  stands  for  a  summation,  xa  for  any  of  the  series  of  ob¬ 
servations,  N  for  the  total  number  of  observations,  and  x  for  the 
arithmetic  mean.  It  is  further  presupposed  that  there  has  been 
gathered  a  considerable  amount  of  data,  and  that  these  data 
plus  the  underlying  chemical  theory  are  sufficient  to  establish 
with  some  degree  of  confidence  the  following: 

3.  That  the  observations  obey  a  specific  normal,  or  Gaussian 
law  of  error. 

4.  That  the  estimate  of  the  variance  is  “very  nearly”  exact. 


1  Present  address,  Philosophy  Department,  University  of  Pennsylvania, 
Philadelphia  4,  Pa. 


No  estimate  can  be  exact  at  any  finite  stage  of  scientific  prog¬ 
ress;  it  is  therefore  a  matter  of  some  difficulty  to  specify  the 
degree  of  precision  that  must  be  obtained.  In  general,  the  ac¬ 
curacy  one  should  obtain  before  applying  the  procedures  of  this 
paper  depends  upon  the  fineness  of  the  distinction  that  the  ex¬ 
perimenter  wishes  to  determine.  As  a  practical  suggestion,  the 
variances  should  be  computed  on  the  basis  of  200  or  more  ob¬ 
servations,  all  made  essentially  under  the  same  conditions  i.e., 
all  presupposed  to  have  the  same  error.  It  is  to  be  noted  that 
the  variances  obtained  from  different  experiments  may  be  aver¬ 
aged,  provided  the  errors  of  observation  are  assumed  to  be  the 
same.  There  are  to  be  found  in  the  statistical  literature  certain 
tests  for  the  homogeneity  of  a  set  of  variances,  to  be  applied 
when  some  doubt  exists  concerning  the  advisability  of  averaging. 

These  remarks  might  lead  the  chemist  to  disregard  all  exact 
procedures,  on  the  grounds  that  he  can  never  reach  the  kind  of 
precision  the  mathematical  statistician  demands.  This  is  an  all 
too  common  mistake  in  the  experimenter’s  attitude  towards 
statistical  procedures,  a  mistake  that  is  sometimes  encouraged 
by  the  statistician  himself.  One  would  be  foolish  indeed  to  ex¬ 
pect  that  all  observations  are  governed  by  exactly  the  same  law 
of  error,  and  that  the  errors  of  determination  are  really  fixed  for 
all  observers.  The  conditions  under  which  the  statistician  s 
procedures  are  outlined  are  ideal  or  formal,  and  the  conditions 
under  which  the  chemist  operates  are  practical  or  nonformal. 
If  the  experimenter  waits  for  the  ideal  to  show  up  before  using 
statistical  procedures,  he  will  have  to  wait  forever.  Rather,  the 
experimenter  must  use  his  own  judgment,  based  on  his  and  others 
extensive  experience,  together  with  the  cooperation  of  the  stat¬ 
istician,  to  decide  whether  or  not  a  given  procedure  is  feasible. 
To  fail  to  apply  the  best  procedures  available,  because  their 
conditions  cannot  be  met  exactly,  is  as  absurd  as  failing  to  use  a 
certain  machine  because  its  cogs  do  not  operate  exactly  as  de¬ 
signed.  In  the  sequel,  we  will  symbolize  known  variance  by  <r2. 


PROCEDURES 


In  the  procedure,  we  shall  consider  two  cases,  one  in  which  all 
the  information  is  to  be  obtained  from  one  type  of  analysis,  the 
other  where  at  least  two  different  types  of  analysis  are  made. 


Case  1.  Suppose  then,  that  the  experimenter  decides  that 
the  compound  is  one  of  two  possibilities,  X  and  Y,  and  that  ne 
selects  for  study,  say,  one  of  the  elements  A  (or  else  the  molecular 
weight).  The  two  possibilities  will  determine  values  tor  this 
element  A — that  is,  granting  X  as  the  true  formula,  one  can  ca  - 
culate  the  expected  percentage  of  A,  say  a  1,  and  granting  1  a® 1  e 
true  formula,  one  can  calculate  the  expected  percentage  ot  , 
say  a2.  Let  oh  be  the  variance  of  percentage  determinations  o 
A.  In  general,  the  element  A  which  should  be  selected  tor  study 
is  that  one  which  makes  the  value  (a2  —  cnY/oh  the  largest,  lor 
the  larger  this  value,  the  fewer  the  expected  number  ° 
ruinations  necessary  to  reach  a  decision.  However,  it  A  is  ui  - 
cult  to  determine,  it  may  be  desirable  to  sacrifice  economy  o 
sample  size  for  economy  of  time  and  expenditure,  and  some 
other  element  will  be  selected. 

The  procedure  for  this  case  follows: 

Let  2a  represent  the  sum  of  the  a  determinations  up  to  and 
including  the  nth  determination.  Thus  if  the  percentages  lor 
hydrogen  were  5.02,  5.10,  and  5.06  for  the  first  three  observa¬ 
tions,  we  would  have  2H  =  5.02,  2H  =  10.12,  2H  =  15.18. 
Calculate 


and 


,  4.595  2 

h  =  - a  a 

a2  —  a4 


a2  +  ai 


where  a2>  a4. 
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Accept  the  hypothesis  that  the  true  percentage,  a,  is  ai  as 
soon  as 

n 

S  —  /i  (n  =  number  of  samples) 

Accept  the  hypothesis  that  the  true  percentage,  a,  is  a_>  as  soon 
as 

n 

2  a  ^  sn  +  h 


be  sure  that  the  assumptions  are  true,  and  hence  the  estimates 
of  the  chances  of  making  a  mistake  are  only  approximations,  the 
best  approximations  that  can  be  made  for  a  given  state  of  our 
knowledge. 

EXAMPLE 

The  following  is  taken  from  (4).  Two  possibilities  were  open 
here: 

X  Cigll^OeB^S  (Carbinol  sulfonic  acid) 


n 

If  2  a  lies  between  sn  —  h  and  sn  +  h,  take  an  additional  ob¬ 
servation  and  repeat  the  procedure  until  enough  readings  have 
been  taken. 

Case  2.  Consider  now  the  case  where  the  experimenter  de¬ 
cides  to  choose  more  than  one  element  to  investigate.  Suppose 
that  there  are  two  possibilities  open,  and  independent  tests  have 
been  run  on  A  and  B;  possibility  X  requires  a  value  ai  for  A 
and  0i  for  B;  possibility  Y  requires  a  value  «2  for  A,  and  02  for 
B.  Let  n  be  the  number  of  determinations  on  a  and  m  the 
number  on  0.  As  before,  let  be  the  variance  for  determina¬ 
tions  of  a,  o-0  be  the  variance  for  0  determinations.  The  function 


is  “critical”  here;  if  it  is  less  than  or  equal  to  —4.595,  then 
accept  possibility  X,  and  if  it  is  greater  than  or  equal  to  +4.595, 
accept  possibility  Y.  If  it  lies  between  —4.595  and  +4.595, 
make  another  determination  on  a  or  0  or  both.  The  extension  of 
this  function  to  cases  where  more  than  two  elements  are  inde¬ 
pendently  investigated  is  obvious.  Also  note  that  the  molecular 
weight  can  be  included.  It  is  important  to  emphasize  that  the 
values  of  a  and  0  in  the  procedure  must  have  been  determined 
independently- — for  example,  0  should  not  be  determined  by  sub¬ 
traction  of  a  from  100. 


If  the  above  procedures  are  followed,  it  can  be  shown  that  the 
expected  number  of  determinations  necessary  to  reach  a  decision 
is  less  than  that  of  any  other  test  procedure  involving  the  same 
risks  of  error.  It  has  been  assumed  throughout  that  a  confidence 
of  0.99  is  sufficient  for  these  determinations — i.e.,  an  error  would 
be  committed  no  more  frequently  than  one  time  in  a  hundred  in 
the  long  run;  if  greater  or  less  confidence  is  desired,  the  procedure 
is  only  modified  by  replacing  the  number  4.595  throughout  by 
another  figure;  the  following  table  may  be  convenient  in  this 
connection: 


Confidence  Level 


Value  to  Replace  4.595 


0.999 

0.98 

0.95 

0.90 

0.80 


6.907 

3.892 

2.944 

2.197 

1.386 


Y  Ci9H10O5Br4S  (Lactoid) 

Bromine  and  sulfur  were  selected  for  analysis.  Hence  this 
example  falls  under  Case  2.  The  two  hypotheses  were 

X  Br2  =  46.47;  S2  =  4.66 

F  Bri  =  47.72;  S,  =  4.79 

Two  determinations  were  made  independently  for  each  element 
with  the  following  results: 

Bromine  47 . 75, 47 . 70 
Sulfur  4.76,  4.88 

Were  enough  determinations  made?  The  errors  of  estimate 
are  not  given,  but  to  complete  the  example  we  suppose  that  the 
standard  deviations  are  about  0.500%,  in  each  case.  This  gives 
a  variance  of  (0.5) 2  =  0.25.  (Note.  This  value  of  the  error  of 
a  single  determination  is  supposed  only  for  the  sake  of  illustra¬ 
tion;  actually,  the  errors  are  probably  smaller.) 

We  treat  the  problem  sequentially,  by  considering  the  results 
of  the  first  determinations,  Br  =  47.75,  S  =  4.76.  We  have 

l 

2Br  =  47.75 

l 

2S  =  4.76 

n  =  m,  —  1 
Br2  -  B^  =  1.25 

(Br2  -  Br,)/(r|r  =  (1.25) /0.25  =  5.0000 
S*  -  Si  -  0.13 

(S2  -  S,)/<r|  =  (0.13)/0.25  =  0.5200 
Bri  -  Br?  =  117.7375 

(Br?  -  Br?)/2<r|r  =  117.7375/0.5  =  235.4750 
(S %  -  S?)/2<t!  =  1.2285  =  2.4570 

We  have,  then,  as  the  critical  function 
n  m 

52Br  +  0.522S  -  235.4750  n  -  2.4570  m 

(Note  that  in  the  subsequent  determinations,  only  2a  and  20 
have  to  be  calculated,  since  the  values  5,  0.52,  235.475,  and  2.4570 
remain  the  same  throughout.)  For  n  =  m  =  1,  the  critical 
function  is 


The  significance  of  this  table  is  explained  as  follows:  Every 
experiment  is  designed  to  enable  us  to  choose  some  hypothesis 
about  the  natural  world,  and  to  reject  alternative  hypotheses. 
In  the  case  at  hand,  the  hypotheses  are  concerned  with  the  correct 
chemical  formula  of  a  given  compound.  Now  no  experiment  is 
“ideal”  in  the  sense  that  one  hypothesis  can  be  selected  without 
any  possibility  of  error.  Rather,  any  method  we  may  use  for 
choosing  one  hypothesis  over  the  others  on  the  basis  of  the  data 
at  hand  will  in  the  long  run  lead  to  mistaken  choices.  The  ad¬ 
vantage  of  statistical  procedures  in  general  lies  in  the  fact  that 
they  enable  us  to  estimate  the  frequency  of  wrong  decisions  for 
a  given  method,  and  that  they  propose  methods  that  in  some 
sense  “minimize”  this  frequency  of  wrong  choices.  If  the  above 
procedure  is  used,  and  the  value  of  4.595  is  employed,  then  the 
chance  of  accepting  possibility  X  when  possibility  Y  is  actually 
true  is  0.01— i.e.,  we  go  wrong  in  this  way,  in  the  long  run,  one 
time  in  a  hundred.  Similarly,  the  chance  of  accepting  possibility 
Y  when  possibility  X  is  actually  true  is  0.01.  If  6.907  is  used, 
the  chances  in  each  case  are  0.001 ;  if  3.892  is  used,  the  chances 
are  0.02,  etc.  Now  these  estimates  of  the  chance  of  a  wrong  de¬ 
cision  depend  upon  the  presuppositions  we  make,  particularly 
the  presupposition  of  normality  of  distribution,  and  the  accuracy 
of  the  variance.  This  is  the  manner  in  which  these  initial  as¬ 
sumptions  are  important;  as  mentioned  before,  we  cannot  ever 


5(47.75)  +  0.52(4.76)  -  235.4750  -  2.4570  =  3.2932 

The  value  3.2548  lies  between  —4.595  and  +4.595,  and  hence 
the  first  pair  of  determinations  was  not  sufficient,  and  additional 
determinations  must  be  taken.  For  n  =  m  =  2,  we  have 

2 

2Br  =  95.45 
2 

2S  =  9.64 

n  =  m  =  2 

Hence  the  critical  function  is 

5(95.45)  +  0.52(9.64)  -  2(235.4750)  -  2(2.4570)  =  6.3988 

The  value  6.3988  is  greater  than  4.595,  and  hence  possibility  Y 
(lactoid)  should  be  accepted. 
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Drill  Sampling  Device  for  Fish  Livers 

Precision  and  Accuracy 

F.  B.  SANFORD  and  G.  C.  BUCHER 

Seattle  Fishery  Technological  Laboratory,  Fish  and  Wildlife  Service,  Seattle,  Wash. 


Because  of  the  unhomogeneous  nature  of  fish  livers,  errors  in  vitamin 
A  assays  due  to  sampling  may  be  large  unless  an  adequate  number 
of  cores  are  taken.  In  developmental  work  on  a  drill  sampling  device 
in  which  over  2000  cans  of  soupfin  shark  and  grayfish  livers  were 
tested,  100  cores  per  ordinary  commercial  lot  were  sufficient  to  give 
vitamin  A  assays  that  were  reproducible  within  5%.  An  investiga¬ 
tion  of  the  accuracy  of  the  sampling  showed  that  any  bias,  if  present, 
was  of  small  magnitude.  Essentially  the  same  analytical  results  were 
obtained  whether  the  livers  were  fresh  or  frozen  when  sampled.  The 
sampling  was  rapid.  A  hundred  cores  could  be  taken  in  15  minutes 
or  less,  and  the  rate  at  which  the  livers  were  cored  could  be  varied 
within  wide  limits  without  appreciably  affecting  precision. 


Figure  1.  Motor-Driven  Core  Sampler 


A  SURPRISING  feature  of  the  fish  liver  industry  has  been 
the  practice  of  “blind  buying”.  Livers  are  bought  from  the 
fishermen  without  the  benefit  of  a  test  for  vitamin  content.  The 
buyer  may  examine  the  livers  visually  (dark-colored  livers  usually 
contain  more  vitamin  A  than  light-colored  livers),  but  since  the 
variation  in  the  appearance  of  the  livers  is  not  commensurate 
with  the  variation  in  their  potency,  visual  inspection  will  detect 
only  differences  of  large  magnitude.  This  practice  has  persisted 
even  though  livers  for  some  of  the  species,  such  as  male  soupfin 
shark,  may  vary  in  value  per  pound  from  as  low  as  25  cents  to  as 
high  as  $12  or  $13.  Obviously,  liver  trading  on  the  basis  of 
“blind  buying”  is  extremely  hazardous. 

A  primary  difficulty  interfering  with  sales  on  a  potency  basis 
has  been  the  problem  of  sampling.  While  hard-frozen  livers 
can  be  sampled  with  conventional  core  samplers,  a  method  has 
been  needed  whereby  the  “fresh”  livers  could  be  sampled  just 
as  they  came  from  the  fishing  vessel.  (If  the  livers  are  not  frozen, 
salted,  or  otherwise  preserved,  they  are  called  “fresh”  by  the 
trade,  even  though  they  may  actually  be  stale.)  The  fishermen 
are  ordinarily  at  sea  for  several  days,  and  trips  of  3  or  4  weeks’ 
duration  are  not  uncommon.  When  fishing  conditions  are  favor¬ 
able,  the  fishermen  are  anxious  to  put  out  to  sea  again;  under¬ 
standably,  they  are  not  willing  to  delay  long  in  settling  their 
business.  For  this  reason,  the  freezing  of  livers  in  prepara¬ 
tion  for  sampling,  while  practiced  extensively  in  sales  between 
liver  buyers  and  processors,  has  never  been  popular  in  primary 
sales,  since  a  delay  of  several  days  often  occurs  while  the  livers 
are  being  frozen. 

To  meet  the  need  for  a  rapid  method  of  sampling  “fresh” 
livers,  this  laboratory  has  developed  a  motor-driven  core  sampler 


(Figure  1)  consisting  of  a  tube  within  which  a  tightly  fitting,  ro¬ 
tating  auger  elevates  the  liver  material  -into  a  sample  bottle 
( 1 ,  $).  Figure  2  shows  shark  livers  that  had  just  been  landed  in 
the  process  of  being  sampled  by  a  commercial  processor  with  a 
sampler  fabricated  in  his  own  shop.  In  the  course  of  the  de¬ 
velopment  of  the  sampler  over  2000  cans  of  soupfin  shark 
(i Galeorhinus  zyopterus)  and  grayfish  ( Squalus  sucklii)  livers  were 
tested.  The  present  paper  reports  the  results  of  this  work. 

A  previous  study  ( 2 )  of  a  somewhat  theoretical  nature  showed 
that  taking  a  large  number  of  cores  is  required  for  proper  sampling 
and  that,  in  general,  it  is  necessary  to  take  at  least  100  cores  from 
an  ordinary  commercial  lot  if  the  precision  is  to  be  within  +5%- 

However,  conditions  vary  greatly. 
Not  only  are  there  differences  of  tex¬ 
ture  in  the  livers  of  various  species 
such  as  soupfin  shark,  grayfish,  ling 
cod,  halibut,  and  tuna,  but  the  texture 
also  varies  within  even  a  single  species. 
Some  livers  will  be  fresh  and  firm; 
others  will  be  stale,  soft,  and  perhaps 
partially  decomposed.  In  addition, 
there  may  be  other  differences  in  the 
livers,  attributable  to  seasonal  or  geo¬ 
graphic  causes,  so  that  the  number  of 
variables  involved  in  sampling  is  too 
large  to  allow  for  a  rigorous  determina¬ 
tion  of  precision  under  all  circum¬ 
stances.  Consequently,  in  order  to 
test  the  conclusions  of  the  earlier 
theoretical  studies,  it  has  been  neces¬ 
sary  to  adopt  an  empirical  procedure  in  the  study  of  liver  sam¬ 
pling  and  to  limit  these  experiments  to  livers  landed  in  the 
Pacific  Northwest. 


Figure  2.  Motor-Driven  Core  Sampler  in  Use 

Some  shark  livers  are  exposed  (o  show  nature  oi  material 
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Table  I. 


Total 

Cans  Sample 

in  Lot  No. 

16  1 

2 

3 

4 

5 

Av. 

27  1 

2 

3 

4 

5 

Av. 

40  1 

2 

3 

4 

5 

Av. 

56  1 

2 

3 

4  , 

Av. 

135  1 

2 

3 

4 

Av. 


Reproducibility  of  Samples  of  Fresh 

(One  core  taken  per  can) 


Oil 

Deviation 
of  Oil  Con¬ 
tent  from 

Oil 

Potency, 
U.S.P.  Units 

Content, 

Average, 

Vitamin  A 

% 

Relative  % 

per  Gram 

72.5 

0.96 

13,600 

73.1 

0.14 

12,600 

73.9 

0.96 

13,500 

73.3 

0.14 

14,800 

73.0 

0.28 

12,900 

73.2 

0.50 

13,500 

74.6 

1.91 

17,400 

73.3 

0.14 

18,600 

73.1 

0.14 

19,100 

71.6 

2.19 

19,400 

73.5 

0.41 

19,000 

73.2 

0.96 

18,700 

66.6 

1.04 

7,710 

68.0 

1.04 

7,620 

67.6 

0.45 

7,620 

66.9 

0.60 

8,110 

67.5 

0.30 

7,660 

67.3 

0.69 

7,740 

69.4 

0.73 

5,220 

69.6 

1.02 

5,420 

67.9 

1.45 

5,640 

68.7 

0.29 

5,220 

68.9 

0.87 

5,380 

70.9 

0.28 

14,200 

70.6 

0.70 

13,900 

71.8 

0.98 

14,300 

70.9 

0.28 

14,800 

71.1 

0.56 

14,300 

Grayfish  (Dogfish)  Livers 


Liver 

Deviation 

Deviation 

Potency, 

of  Liver 

of  Oil  Po¬ 

Millions 

Potency 

tency  from 

of  Units 

from 

Average, 

Vitamin  A 

Average, 

Relative  % 

per  Lb. 

Relative  % 

0.74 

4.48 

0.00 

6.67  . 

4.18 

6.70 

0.00 

4.53 

1.12 

9.63 

4.92 

9.82 

4.44 

4.28 

4.46 

4.30 

4.48 

4.42 

6.97 

5.90 

5.15 

0.54 

6.20 

0.32 

2.14 

6.34 

1.93 

3.75 

6.30 

1.29 

1.61 

6.34 

1.93 

3.00 

6.22 

2.12 

'  0.39 

2.33 

1.70 

1.55 

2.35 

0.84 

1.55 

2.34 

1.27 

4.78 

2.46 

3.80 

1.03 

2.35 

0.84 

1.86 

2.37 

1.69 

-  2.97 

1.65 

1.78 

0.74 

1.71 

1.78 

4.83 

1.73 

2.98 

2.97 

1.62 

3.57 

2.88 

1.68 

2.53 

0.70 

4.57 

0.87 

2.80 

4.46 

3.25 

0.00 

4.66 

1.08 

3.50 

4.76 

3.25 

1.75 

4.61 

2.11 

that  it  is  beyond  the  scope  of 
this  laboratory  to  test  them 
under  all  circumstances.  How¬ 
ever,  a  few  experiments  have 
been  performed  with  livers 
from  halibut,  ling  cod,  rock 
cod,  and  sole,  as  well  as  with 
halibut  viscera.  These  lots 
were  all  soft-frozen.  While  it 
was  not  possible  to  make  an 
extensive  test  of  precision,  the 
samples  appeared  to  be  repre¬ 
sentative,  and  no  difficulties 
were  encountered.  In  Table 
III  are  reported  the  results  of 
sampling  35  cans  of  soft-frozen 
tuna  ( Germo  alalunga)  livers. 
These  data  show  that  the  sam¬ 
pler,  at  least  with  frozen  livers, 
will  work  well  with  species 
other  than  the  grayfish  or 
soupfin  shark. 

A  question  has  sometimes 
been  raised  as  to  whether  there 
is  any  difference  in  the  results 
obtained  when  livers  are  sam¬ 
pled  frozen  as  compared  to 
when  they  are  sampled 
“fresh”.  Using  soupfin  shark 
livers,  this  was  tested  in  two 


In  forming  a  sample  for  purposes  of  study,  one  core  was  taken 
from  each  can  in  the  lot,  and  the  cores  were  then  composited. 
Additional  samples  from  the  lot  were  formed  in  the  same  manner. 
Where  the  number  of  cans  in  the  lot  was  small,  the  assays  tended 
to  be  somewhat  divergent.  However,  even  in  one  case  (Table  I) 
where  the  lot  contained  only  16  cans,  giving  only  16  cores  per 
sample,  the  greatest  deviation  from  the  average  of  5  samples  from 
this  lot  did  not  exceed  10%.  In  general,  as  can  be  seen  from 
Tables  I  and  II,  when  lots  containing  a  fairly  large  number  of 
cans  were  sampled,  assays  of  both  “fresh”  grayfish  and  soupfin 
shark  livers  were  reproducible  to  within  5%. 

Livers  and  viscera  are  received  in  so  many  different  conditions 


Table  II.  Precision  in  Sampling  100  Cans  of  Fresh  Soupfin  Shark 

Livers 


(One  core  taken  per  can) 


• 

Deviation 

Deviation 

Deviation 

of  Oil 

of  Oil 

Liver 

of  Liver 

Content 

Oil 

Potency 

Potency, 

Potency 

Oil 

from 

Potency, 

from 

Millions 

from 

Sam¬ 

Con¬ 

Average, 

U.S.P.  Units 

Average, 

U.S.P.  Units  Average, 

ple 

tent, 

Relative 

Vitamin  A 

Relative 

Vitamin  A 

Relative 

No. 

% 

%  ■ 

per  Gram 

% 

per  Lb. 

% 

1 

66.4 

0.91 

57,100 

2.56 

17.3. 

1.71 

2 

67.0 

1.82 

56,500 

3.58 

17.2 

2.27 

3 

65.5 

0.46 

60,800 

375 

18.1 

2.84 

4 

64.5 

1.97 

59,900 

2.22 

17.6 

0.00 

Av. 

65.8 

1.29 

58,600 

3.03 

17.6 

1.71 

Table 

III.  Precision  of  Samples  of 
Livers 

(One  core  taken 
Deviation 
of  Oil 

Content  Oil 

35  Cans  of  Soft-Frozen  Tuna 

per  can) 

Deviation  Liver  Deviation 

of  Oil  Potency,  of  Liver 

Potency  Millions  Potency 

Oil 

from 

Potency, 

from 

U.S.P. 

from 

Sam- 

Con- 

Average, 

U.S.P.  Units 

Average, 

Units 

Average, 

pie 

tent, 

% 

Relative 

Vitamin  A 

Relative 

Vitamin  A 

Relative 

No. 

% 

per  Gram 

% 

per  Lb. 

% 

1 

26.0 

0.38 

6,500 

4.33  ’ 

0.77 

4.05 

2 

26.5 

1.53 

6,230 

0.00 

0.75 

1.35 

3 

26.3 

0.77 

6,360 

2.09 

0.76 

2.70 

4 

25.8 

1.15 

6,070 

2.57 

0.71 

4.05 

5 

26.1 

0.00 

6,010 

3.53 

0.71 

4 . 05 

Av. 

26.1 

0.77 

6,230 

2.50 

0.74 

3.25 

instances:  once  with  17  cans, 
and  once  with  84  cans.  The  livers  were  first  sampled 
before  freezing  and  then  resampled  after  they  had  been 


frozen. 

As  can  be  seen  in 

Table  IV 

in  neither  case  did  the  dif- 

Table  IV.  Results  Obtained  in  Sampling  Fresh  and  Frozen  Soupfin 

Shark  Livers 

Liver  Potency, 

Millions  U.S.P. 

Oil  Potency,  U.S.P.  Units  Units  Vitamin 

Oil  Content,  % 

Vitamin  A 

per  Gram  A  per  Lb. 

Lot 

Fresh 

Frozen 

Fresh 

Frozen  Fresh 

Frozen 

17 

62.3 

64.0 

116,000 

114,000  32.8 

33.1 

84 

61.2 

61.8 

97,000 

97,600  27.0 

27.4 

Table  V.  Accuracy  of  Samples  of 

100  Cans  of  Fresh  Soupfin 

Shark  Livers 

(One 

core  taken  per  can) 

Devia- 

Devia- 

Devia- 

tion 

tion  of 

tion  Oil 

of  Oil 

Liver 

Content 

Potency 

Potency 

of  Core 

of  Core  Liver 

of  Core 

Sample 

Sample  Potencv, 

Sample 

from 

Oil 

from  Millions 

from 

Ground 

Potency, 

Ground  U.S.P. 

Ground 

Sam- 

Oil 

Sample, 

U.S.P.  Units 

Sample,  Units 

Sample, 

pie 

Content, 

Relative 

Vitamin  A 

Relative  Vitamin  A 

Relative 

No. 

% 

% 

per  Gram 

%  per  Lb. 

% 

1 

66.4 

3.4 

57,100 

4.8  17.3 

1.1 

2 

67.0  ' 

4.4 

56,500 

5.8  17.2 

1.7 

3 

65.5 

2.0 

60,800 

1.3  18.1 

3.4 

4 

64.5 

0.5 

59,900 

0.2  17.6 

0.6 

Ground 

sample 

64.2 

60,000 

17.5 

Table  VI.  Accuracy  of  a 

Sample  of  16  Cans  of  Fresh  Grayfish 

Livers 

(5  cores  taken  per  can) 

Liver 

Potencv, 

Oil  Potency, 

Millions 

U.S.P.  Units  U.S.P.  Units 

Oil 

Vitamin  A  Vitamin  A 

Content,  % 

per  Gram 

per  Lb. 

Ground  sample 

72.7 

14,200 

4.67 

Core  sample 

73.2 

13,500 

4.48 

Relative 

%  deviation  of 

core  from  ground  sample 

» 

0.69 

4.92 

4.07 
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Table  VII.  Precision  of  Samples  of  55  Cans  of  Fresh  Soupfin  Shark  Livers  Taken  with  Sampler 


Diam¬ 

Wt. 

Sam 

eter  of 

Cores 

of 

pie 

Auger, 

per 

Sample 

No. 

Inches 

Can 

Lb. 

1 

»/« 

1 

0.79 

2 

V» 

5 

3.66 

3 

9/l6 

1 

2.95 

4 

»/l6 

Av. 

5 

7.86 

(Vs-inch  and  9/i8-inch  augers) 


Deviation 

Oil 

of  Oil 

Potency, 

Content 

U.S.P. 

Sam¬ 

Oil 

from 

Units 

pling! 

Con¬ 

Average, 

Vitamin 

Time, 

tent, 

Relative 

A  per 

Min. 

% 

% 

Gram 

10 

63.7 

0.31 

74,500 

43 

63.1 

1.25 

71,400 

10 

64.4 

0.78 

70,700 

36 

64.2 

0.47 

70,500 

63.9 

0.70 

71,800 

Deviation 

Liver 

Deviation 

of  Oil 

Potency, 

of  Liver 

Potency 

Millions 

Potency 

from 

U.S.P. 

from 

Average, 

Units 

Average, 

Relative 

Vitamin 

Relative 

% 

A  per  Lb. 

% 

3.76 

21.6 

3.85 

0.55 

20.5 

1.44 

1.53 

20.7 

0.48 

1.81 

20.5 

1.44 

1.91 

20.8 

1.80 

Table  VIII.  Precision  of  Samples  of  Grayfish  Livers 

(One  core  per  can  taken  by  sampler  with  9/is-inch  auger) 


Sam¬ 

Total 

pling 

Oil 

Cans  in 

Sample 

Time, 

Content, 

Lot 

No. 

Min. 

% 

78 

i 

8 

70.4 

2 

8 

70.0 

3 

10 

70.6 

4 

11 

70.0 

5 

13 

70.4 

Av. 

70.3 

105“ 

1 

71.1 

2 

70.2 

3 

69.1 

4 

69.4 

Av. 

70.0 

255 

1 

6 

71.0 

2 

8 

70.2 

3 

15 

68.1 

4 

20 

68.7 

5 

23 

69.3 

Av. 

69.5 

256 

1 

20 

61.3 

2 

34 

62.3 

3 

45 

61.3 

Av. 

61.6 

Av. 

°  These  livers  were  soft-frozen. 

Other 

Deviation 
of  Oil  Con¬ 

Oil  Potency, 

Deviation 
of  Oil  Po¬ 

Liver 

Potency, 

Millions 

Deviation 
of  Liver 
Potency 

tent  from 

U.S.P.  Units 

tency  from 

U.S.P.  Units 

from 

Average, 

Vitamin  A 

Average , 

Vitamin  A 

Average, 

Relative  % 

per  Gram 

Relative  % 

per  Lb. 

Relative  % 

0.14 

12,800 

0.79 

4.09 

1.24 

0.43 

13,000 

2.36 

4.13 

2.23 

0.43 

12,300 

3.15 

3.94 

2.48 

0.43 

12,400 

2.36 

3.94 

2.48 

0.14 

12,800 

0.79 

4.09 

1.24 

0.31 

12,700 

1.89 

4.04 

1.93 

1.57 

15,100 

2.58 

4.88 

0.81 

0.29 

15,400 

0.65 

4.91 

0.20 

1.29 

15,700 

1.29 

4.92 

0.00 

0.85 

15,800 

1.94 

4.98 

1.22 

1.00 

15,500 

1.62 

4.92 

0.56 

2.16 

8,350 

1.53 

2.70 

1.12 

1.00 

8,600 

1.42 

2.74 

2.62 

2.01 

8,800 

3.77 

2.72 

1.87 

1.15 

8,500 

0.24 

2.64 

1.12 

0.29 

8,150 

3.89 

2.57 

3.75 

1.32 

8,480 

2.17 

2.67 

2.10 

0.49 

9  140 

2.01 

2.54 

1.20 

1 . 14 

8,850 

1.23 

2.50 

0.40 

0.49 

8,890 

0.78 

2.48 

1.20 

0.71 

8,960 

1.34 

2.51 

0.93 

0.84 

1.75 

1.38 

Other  values  in  table  are  for  fresh  livers. 


the  livers  were  buoyed  up  with 
oil.  Nevertheless,  the  average 
results  given  by  sampling  the 
thawed  livers  were  the  same 
as  those  obtained  after  they 
had  been  refrozen.  The  analy¬ 
ses  reported  in  Table  V  also 
were  made  on  a  lot  containing 
appreciable  free  oil,  yet  the 
results  obtained  by  core  sam¬ 
pling  werC  not  greatly  different 
from  those  obtained  with 
ground  samples. 

Although  the  experience 
with  frozen  livers  is  limited, 
sufficient  work  has  been  done 
to  show  that  the 'sampler  will 
be  a  welcome  addition  in  this 
field  also.  Under  present-day 
conditions,  freezing  facilities 
are  difficult  to  obtain,  and 
the  livers  are  often  held  at 
temperatures  too  high  for 
hard-freezing.  Consequently, 
there  has  been  a  real  need  for 
a  -device  which  will  sample 
livers  in  the  soft-frozen  condi¬ 
tion.  The  electric  drills  that 
are  equipped  for  holding  drill 
shanks  up  to  0.25  inch  in 
diameter  generally  do  not 
have  sufficient  power  for  use 
in  sampling  soft-frozen  livers. 
However,  those  electric  drills 
that  are  equipped  for  taking 
0.5-inch  shanks  are  able  to 
handle  the  greater  torque 
encountered  with  the  frozen 
material.  A  skilled  machinist 
can  without  difficulty  make 


ference  in  the  average  results  obtained  by  sampling  the  livers  in 
the  two  states  exceed  2%. 

In  the  study  of  liver  sampling,  the  primary  object  had  been 
to  develop  a  method  that  would  give  reproducible  assays  of  the 
vitamin  A  content.  If  it  were  later  found  that  the  absolute  vita¬ 
min  content  was  not  given  by  the  analytical  method,  and  that  the 
method  was  uniformly  biased  in  one  direction,  a  correction  factor 
could  be  applied.  In  order  to  determine  whether  or  not  such  a 
bias  existed,  the  accuracy  of  the  sampler  was  tested  twice,  once 
with  soupfin  shark  and  once  with  grayfish  livers.  In  these  tests, 
samples  were  first  taken  with  the  corer,  and  then  the  remains  of 
the  livers  were  ground.  Three  separate  ground  samples  were 
taken  in  each  case  to  test  their  homogeneity.  The  three  ground 
samples  from  each  lot  gave  equivalent  assays  well  within  the 
limits  (2%)  of  the  method  of  analysis.  Therefore,  any  deviation 
of  the  assay  of  the  core  sample  from  that  of  the  ground  sample  can 
be  regarded  as  evidence  of  a  defect  in  the  core-sampling  method. 

The  results  of  these  two  tests,  recorded  in  Tables  V  and  VI, 
indicate  that  the  core  samples  may  be  slightly  high  as  regards  oil 
content  and  slightly  low  as  regards  oil  potency1.  Further  tests 
would  have  to  be  made  to  establish  this  point.  Fortunately, 
these  two  discrepancies  tend  to  neutralize  each  other  in  the  calcu¬ 
lation  of  the  liver  potencies,  and  if  any  bias  exists,  it  is  of  small 
magnitude. 

In  many  cases,  considerable  free  oil  is  to  be  found  in  the  con¬ 
tainers,  especially  if  the  livers  have  been  long  removed  from  the 
fish  or  have  been  frozen  and  subsequently  thawed.  Free  oil 
was  encountered  in  the  case  of  the  84  cans  of  soupfin  shark  livers 
recorded  in  Table  IV.  These  had  been  frozen  and  thawed,  and 


this  change-over  from  the  setup  recommended  for  sampling  fresh 
livers. 

The  standard  sampler,  employing  a  1.125-inch  auger,  as  de¬ 
scribed  by  McKee,  Sanford,  and  Bucher  (1),  was  used  in  the 
above  tests.  Smaller  augers  of  0.375-inch  and  0.563-inch  diam¬ 
eter  had  been  tried  in  earlier  experiments  (4),  and,  for  the  infor¬ 
mation  of  those  who  might  consider  use  of  such  modified  equip¬ 
ment,  results  of  the  trials  are  presented  in  Tables  VII  and  VIII. 
Precision  was  satisfactory,  although  clogging  of  the  tube  made 
frequent  cleaning  of  the  auger  necessary. 

The  results  summarized  in  Table  VIII  demonstrate  that  wide 
variations  in  the  rate  of  sampling  do  not  appreciably  affect  pre¬ 
cision.  These  data  also  show  the  extreme  rapidity  with  which  the 
sampling  can  be  carried  out.  Ordinarily,  100  cores  can  be  taken 
within  15  minutes,  so  that  more  time  is  used  for  the  incidental 
operations  of  removing  and  replacing  the  can  lids  than  for  the 
actual  sampling.  The  ease  of  use  and  the  satisfactory  results  ob¬ 
tained  have  led  to  the  adoption  of  the  device  by  many  firms  en¬ 
gaged  in  the  fish  liver  trade. 
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Colorimetric  Determination  of  p,p'-DDT  in  Technical  DDT 

SAUL  W.  CHAIKIN,  University  of  Chicago  Toxicity  Laboratory,  Chicago,  III. 


OF  THE  several  analytical  procedures  described  for  DDT  ( 1 ) 
only  three  ( 2 ,  S,  4)  are  suited  for  analysis  of  p,p'-DDT 
in  technical  DDT  and  these  are  macroprocedures.  The  present 
method,  based  on  the  formation  of  a  yellow  color  when  p,p'- 
DDT  is  heated  in  a  mixture  of  concentrated  sulfuric  and  glacial 
acetic  acids,  provides  a  simple,  rapid  means  of  determining  0.05 
to  0.5  mg.  of  this  compound  with  an  accuracy  of  =*=1%.  The 


0  0.1  0.2  0.3  0.4  0.5 

Mg.  of  DDT 

Figure  1 .  Calibration  Curve  for  p,p'-DDT  (P)  and 
o,p'-DDT  (O)  at  435  mp 


Per  cent  of  p,p'-DDT 

Figure  2.  Calibration  Curve  for  Mixtures  of  p,p'-DDT  and 
o,p'-DDT  at  435  mp 

A.  Theoretical  curve  calculated  by  addition  from  abeorption  of  separate 

solutions  of  p,p'-DDT  and  o,p'-DDT 

B,  Observed  values 


A  colorimetric  procedure  for  the  determination  of  p,p'- 
DDT  is  based  on  the  color  produced  when  this  compound 
is  heated  in  a  mixture  of  glacial  acetic  and  concentrated 
sulfuric  acids.  The  method  is  applicable  to  the  estimation 
of  p,p'-DDT  in  mixtures  with  the  o,p'-isomer  and  in  tech¬ 
nical  DDT  when  a  small  empirical  correction  is  made. 

procedure  described  has  been  applied  to  the  analysis  of  synthetic 
mixtures  of  p,p'-DDT  and  o,p'-DDT  (l-trichloro-2-o-chloro- 
phenyl-2-p-chlorophenylethane)  and  to  several  commercial 
samples  of  technical  DDT. 

It  is  believed  that  the  colored  product  formed  in  this  test  occurs 
by  oxidation  of  the  DDT  to  the  carbinol  by  the  hot  sulfuric  acid. 
Aromatic  carbinols  are  known  to  give  colored  solutions  in  sulfuric 
acid  (5). 

APPARATUS 

The  Beckman  photoelectric  quartz  spectrophotometer,  Model 
DU,  was  used  with  absorption  cells  of  1.00-cm.  optical  depth. 
Unless  otherwise  indicated,  the  measurements  were  made  at 
435  mp  using  a  slit  width  of  0.04  mm.  The  instrument  was 
calibrated  against  colored  solutions  of  known  maximum  absorp¬ 
tion. 

PROCEDURE 

Weigh  0.06  gram  of  sample  into  a  250-ml.  volumetric  flask, 
dissolve,  and  dilute  to  250  ml.  with  glacial  acetic  acid  (1  ml.  = 
ca.  0.25  mg.  of  sample).  Using  a  pipet,  transfer  2  ml.  to  a  25  X 


Wave  Length,  mp 
Figure  3.  Absorption  Spectra 


O.  p,p'-DDT,0.500mg.  per  2  ml.  of  HOAc  end  10ml.  of 
H2SO4 

Q.  o,p'-DDT,  0.477  mg.  per  2  ml.  of  HOAc  and  10  ml.  of 
HrSO* 

X.  Technical  DDT,  0.500  mg.  per  2  ml.  of  HOAc  and  10  ml. 
of  H;SO* 

Density  values  for  technical  DDT  multiplied  by  a  constant 
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Table  I.  Analysis  of  Samples  of  Technical  DDT 


Sample 

No. 

Melting 
Range 
°  C. 

Analyzed 

Mg. 

Optical  Density 
Observed  Corrected 

p,p'-DDT 

Found 

% 

1 

81-99 

0.499 

0.499 

0.499 

0.715 

0.710 

0.720 

0.716 

74.1 

Av. 

0.715 

2 

80-97 

0.500 

0.500 

0.500 

0.720 

0.715 

0.720 

0.718 

74.5 

Av. 

0.718 

3 

78-94 

0.519 

0.519 

0.519 

0.720 

0.730 

0.720 

0.698 

72.3 

Av.  0.723 

200  mm.  test  tube.  Add  10  ml.  of  concentrated  sulfuric  acid, 
c.f.  Mix  the  contents  of  the  tube,  cool  to  room  temperature, 
then  immerse  in  a  vigorously  boiling  water  bath  for  10  minutes. 
Cool,  transfer  sufficient  solution  to  a  spectrophotometer  cell,  and 
determine  the  optical  density  at  435  m^i. 

The  concentration  of  glacial  acetic  acid  is  critical;  1  ml.  re¬ 
sulted  in  the  development  of  20%  more  color,  3  ml.  in  the  de¬ 
velopment  of  80%  less  color.  A  stable  and  maximal  color  was 
obtained  with  p,p'- DDT  when  the  mixture  was  heated  for  from 
9  to  14  minutes.  After  cooling  the  sample  this  color  is  stable  for 
at  least  one  hour. 

Calibration  curves  for  p,p'-DDT  and  o,p'-DDT  and  for  syn¬ 
thetic  mixtures  of  the  two  were  obtained  using  aliquots  of  stand¬ 
ard  solutions  made  up  to  2  ml.  with  glacial  acetic  acid  and  carried 
through  the  procedure  described  above.  The  melting  ranges  of 
the  samples  of  isomers  used  were:  p,p'-DDT,  107-107.5°;  o,p'- 
DDT,  73.5-74°. 

RESULTS  AND  DISCUSSION 

The  intensity  of  the  color  produced  by  p,p'-DDT  is  much 
greater  than  with  o,p '-DDT  (Figure  1).  For  analytical  purposes 
the  influence  of  o,p'-DDT  is,  however,  not  negligible,  since  mix¬ 
tures  of  the  two  isomers  show  greater  absorption  than  the  sum 
of  the  absorption  of  the  separate  components  (Figure  2).  In  the 


analysis  of  mixtures  it  is  necessary,  therefore,  to  use  the  experi¬ 
mentally  determined  calibration  curve.  • 

The  absorption  curve  of  the  colored  solution  produced  by  this 
reaction  from  technical  DDT  is  similar  to  that  of  p,p'-DDT 
(Figure  3).  In  fact,  it  may  be  brought  into  near  coincidence 
by  multiplication  by  a  factor  throughout.  This  factor  is  not 
necessarily  the  reciprocal  of  p,p'-DDT  concentration  because  of 
the  enhancement  of  color  by  o,p'-DDT  as  referred  to  above. 
More  accurate  results  are  obtainable  by  taking  this  effect  into 
account. 

The  procedure  for  estimating  the  p,p'-DDT  content  in  techni¬ 
cal  DDT  is,  then,  the  following:  The  optical  density  measured  by 
analysis  of  a  sample  of  technical  DDT  is  multiplied  by  the  factor 

— — - 1  which  gives  the  optical  density  that  would  be  ob- 

mg.  analyzed 

tained  if  the  weight  of  the  sample  analyzed  were  0.50  mg.  The 
per  cent  p, p r—  I )  I  )T  is  then  read  from  Figure  2,  B.  The  error  in¬ 
curred  in  the  calculation  by  neglecting  the  impurities  (assumed 
inert)  other  than  o,p,-DDT  is  well  within  the  experimental  error. 

In  Table  I  are  given  the  results  of  analyses  of  three  commercial 
samples  of  technical  DDT. 
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Semimicrodetermination  of  Saponification  Equivalent 
by  Rieman’s  Double-Indicator  Method 

DONALD  KETCHUM 

Kodak  Research  Laboratories,  Rochester,  N.  Y. 


A  method  is  described  for  the  determination  of  the  saponification 
equivalent  with  5-  to  100-mg.  samples  for  saponification  equiva¬ 
lents  from  1 00  to  1 000. 

WITH  some  modifications,  Rieman’s  double-indicator  macro¬ 
method  U)  for  the  determination  of  saponification  equiva¬ 
lent  has  been  adapted  to  a  semimicroprocedure  in  accordance 
with  his  suggestion  that  it  should  be  more  easily  adapted  to  a 
microprocedure  than  the  standard  method. 

The  procedure  of  Marcali  and  Rieman  ( S )  is  limited  to  com¬ 
pounds  which  are  readily  soluble  in  alcohol  and  which  can 
easily  be  saponified.  From  3-  to  8-mg.  samples,  with  saponifica¬ 
tion  equivalents  of  about  200  to  300,  are  saponified  in  2  drops 
of  alcoholic  potassium  hydroxide;  in  the  modified  method  5  ml.  of 
0.5  N  potassium  hydroxide  are  used. 

The  modified  method  is  especially  useful  on  compounds  that 
are  difficult  to  dissolve  in  ethyl  alcohol.  Its  accuracy  is  within 
5%  of  the  theoretical  on  pure  samples  of  esters  as  well  as 


ketones  that  will  completely  open  the  ring  in  the  presence  of 
alkali  (Table  I). 

REAGENTS 

0.5  N  potassium  hydroxide  (approximate)  in  absolute  or  95% 
ethyl  alcohol  (2). 

Ethyl  alcohol. 

Distilled  water. 

Phenolphthalein  in  ethyl  alcohol,  1%. 

0.5  N  hydrochloric  acid  (approximate). 

0.025  N  hydrochloric  acid  (standardized). 

0.010  M  bromophenol  blue  [1.3  grams  of  bromophenol  blue 
and  2.0  millimoles  (80  mg.)  of  sodium  hydroxide,  diluted  with 
distilled  water  to  200  ml.]. 

APPARATUS 

The  saponification  flask  may  be  made  from  a  20  X  150  mm. 
Pyrex  test  tube.  The  flask,  graduated  at  5.0  and  10.0  ml.,  has  a 
19/38  standard  taper  female  joint. 

A  Liebig  condenser,  15  to  20  cm.  in  length,  is  connected  to  the 
saponification  flask  by  a  19/38  standard  taper  male  joint. 
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Table  I.  Comparison  of  Results  by  Macro-  and  Semimicromethods 


Compound  Analyzed 

Macro 

Saponification  Equivalent 

Semimicro 

Calculated  (modified  method) 

Ethyl  iodophenyl  undecylate 

412“ 

416 

408 

Linseed  oil 

284° 

285  (approx.) 

280 

Soybean  oil 

275“ 

285  (approx.) 

278 

3a, 4, 7, 7a  -  Tetrahydro  -  2,3,- 
5,6  -  tetraphenyl  -  4,7- 
methanoindene-l,8-dionec 

275  b 

4604 

464 

455 

a  -  1,2, 4,5, 6  -  Pentaphenyldi- 
cyclo  -  (2,2,1)  5  -  heptene- 
7-onec 

4904 

506 

500 

Ethyl  acetoxy  propionate' 

160“ 

160 

104 

(3- Acetoxy  ethyl  lactate' 

179“ 

179 

120  ■ 

a  Standard  method. 

6  Double-indicator  method  (macro). 
c  Ketones. 

d  Potentiometric  method. 
e  Acetylated  esters. 

An  Ascarite  tube  is  connected  to  the  end  of  the  condenser  by 
means  of  a  U-tube  and  rubber  tubing.. 

A  25  X  150  mm.  hydrometer  cylinder  (or  test  tube)  is  used  as 
the  titrating  vessel. 

A  10-ml.  buret  graduated  in  0.05  ml.  is  used  for  the  titrations. 

PROCEDURE 

By  means  of  a  12-cm.  weighing  tube  the  sample  is  weighed  by 
difference  into  the  saponification  flask,  ±0.3  ml.  -of  0.5  N  alco¬ 
holic  potassium  hydroxide  is  added  up  to  the  5-ml.  graduation 
mark  (10  ml.  may  be  used  if  the  sample  is  too  difficult  to  dis¬ 
solve).  The  flask  is  immediately  connected  to  the  condenser, 
which  has  the  Ascarite  or  Caroxite  tube  attached.  The  mixture 
is  refluxed  from  0.5  to  3  hours. 

After  saponification,  the  condenser  is  rinsed  with  1  to  2  ml. 
of  alcohol  and  the  flask  disconnected.  Five  drops  of  phenol- 
phthalein  are  immediately  added  and  the  solution  is  slightly 
acidified  with  0.5  N  hydrochloric  acid.  The  mixture,  which  has 
about  0.25  ml.  of  0.5  N  hydrochloric  acid  in  excess,  is  rinsed  with 
ethyl  alcohol  into  a  25  X  150  mm.  hydrometer  cylinder  (or  test 
-tube).  The  total  volume  should- be  about  10  to  15  ml.; 

0.5  N  potassium  hydroxide  is  added  until  the  solution  is 
slightly  pink.  The  solution  is  then  made  just  color-  SE  = 
less  with  an  unmeasured  amount  of  0.025  N  hydrochloric 
acid. 

Three  drops  (0.3  ml.)  of  bromophenol  blue  are  added  and 
the  resulting  blue  solution  is  titrated  with  the  standardized 
0.025  N  hydrochloric  acid  until  a  green  color  appears.  The  first 
color  change  is  taken  as  the  end  point,  which  is  blue-green. 
With  a  little  practice,  this  end  point  can  be  reproduced  to 
within  0.02  ml.  of  0.025  N  hydrochloric  acid. 

A  blank  of  from  0.2  to  1  ml.  of  0.025  N  hydrochloric  acid 
should  be  run  tinder  identical  conditions.  This  variation  is  due 
to  the  impurities  in  the  reagents,  the  volume  of  potassium  hy¬ 
droxide,  and  the  length  of  the  reflux  period.  If  the  volume  of 
potassium  hydroxide  is  measured  within  0.5  ml.,  the  blanks  will 
be  constant  within  0.05  ml.  of  0.025  N  hydrochloric  acid.  The 
blank  is  the  amount  of  0.025  N  hydrochloric  acid  added  to  change 
the  bromophenol  blue  solution  from  blue  to  blue-green  when  no 
soap  is  present. 

Precautions.  The  saponified  solution  is  transferred  (after 
acidifying)  to  a  25  X  150  mm.  cylinder  because  small  amounts  of 
0.5  N  potassium  hydroxide  cling  to  the  etched  walls  of  the  flask. 

If  the  solution  were  not  transferred,  this  small  amount  of  0.5  N 
potassium  hydroxide  in  the  etched  walls  of  the  flask  would  only 


slowly  be  neutralized  by  the  acid  and  would  interfere  in  the 
titration  of  the  soap  with  0.025  N  hydrochloric  acid. 

DISCUSSION 

According  to  Rieman  '(.))  the  sharpness  of  the  end  point  is  in¬ 
creased  with  a  decrease  in  the  volume  of  the  solution  to  be  ti¬ 
trated.  Because  several  organic  compounds  are  difficult  to  dis¬ 
solve  in  ethyl  alcohol,  the  titrating  volume  of  the  modified 
method  cannot  be  reduced.  However,  in  most  cases,  the  accu¬ 
racy  is  sufficient  to  identify  the  compound. 


Table  II.  Precision  of  Double-Indicator  Semimicromethod 


Saponification 

Length  of 

Equivalent 

Reflux  Period, 

Compound  Analyzed 

Found 

Hours 

Ethyl  iodophenyl  undecylate 

404 

1 

405 

1 

410 

1- 

416 

3 

405 

3 

Ethyl  acetoxy  propionate 

100 

1 

105 

1 

a-1 ,2,4,5,6-Pentaphenyldicyclo-(2,2, 1,)- 

103 

3 

5-heptene-7-one 

495 

3 

497 

3 

508 

2 

505 

2 

495 

3 

In  this  laboratory,  no  trouble  wras  encountered  with  the  forma¬ 
tion  of  fatty  acids,  probably  because  of  the  small  amount  of 
sample  and  the  relatively  large  volume.  The  semimicromodifica¬ 
tion  gives  low  results  on  acetylated  esters  (Table  I).  The  preci¬ 
sion  of  the  method  is  given  in  Table  II. 

The  fourth  and  fifth  samples  in  Table  I  will  be  explained  in  a 
paper  by  C.  F.  H.  Allen  in  Journal  of  the  American  Chemical 
Society. 

Calculations  ( 1 ) 

Saponification  equivalent  =  SE 

mg.  of  sample 

(ml.  of  0.025  N  HC1  —  ml.  of  HC1  blank)  (exact  normality  of  HC1) 
mg.  of  sample 

SE  =  - ;  ~ 

ml.  of  1  N  KOH  required  to  saponify 

The  volume  of  hydrochloric  acid  used  in  the  calculation  is  the 
amount  added  between  the  phenolphthalein  and  bromophenol 
blue  end  points.  It  is  equivalent  to  the  volume  of  potassium 
hydroxide  required  to  saponify  the  sample. 
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Isopropyl  Alcohol  in  Cotton  \^/ax  Determination 

JAMES  H.  KETTERING,  Southern  Regional  Research  Laboratory,  New  Orleans,  La. 


THE  Conrad  technique  (2)  for  determining  wax  in  cotton 
fiber  was  found  more  efficient  and  complete,  within  a  rea¬ 
sonable  extraction  period,  than  any  other  technique  tried.  This 
method,  long  used  at  the  Southern  Regional  Research  Laboratory 
employs  ethyl  alcohol  as  the  extracting  solvent.  The  substi¬ 
tution  of  isopropyl  alcohol  as  the  extracting  solvent  is  the  subject 
of  the  present  report . 

Isopropyl  alcohol,  which  has  many  of  the  properties  of  ethyl 
alcohol,  is  plentiful,  readily  available,  cheaper  than  even  de¬ 
natured  ethyl  alcohol  (1),  and  free  from  federal  tax  and  accom¬ 
panying  restrictions.  Moreover,  it  yields  identical  results  when 
substituted  for  ethyl  alcohol  in  the  Conrad  technique.  Proof 
that  this  substitution  can  be  made  without  sacrificing  accuracy 
should,  therefore,  increase  the  usefulness  of  this  excellent  ana¬ 
lytical  procedure. 

EXPERIMENTAL 

In  the  application  of  the  Conrad  technique  in  the  following 
(experiments,  the  alcohols  used  throughout  were  the  purified  azeo- 
!  tropic  water-alcohol  mixtures,  95%  ethyl  alcohol  distilled  from 
potassium  hydroxide,  and  91%  isopropyl  alcohol  decanted  from 
sodium  hydroxide  and  then  distilled.  To  facilitate  the  phase 
1  separations,  100  ml.  of  water  were  used  instead  of  the  / 5  ml. 

|  recommended  in  the  original  Conrad  procedure. 

Wax  determinations  w'ere  made  on  a  series  of  cotton  bagging 
materials  using  95%  ethyl  alcohol  and  then  repeated,  substituting 
91  %  isopropyl  alcohol  as  the  extracting  medium.  The  procedures 
were  identical  in  all  other  respects. 

The  results  (Table  I)  show  that  isopropyl  alcohol  extracted 
practically  the  same  percentages  of  the  waxy  substances  as  the 
ethyl  alcohol,  the  small  differences  observed  being  within  the 
usual  limits  of  experimental  error. 

Experiments  in  which  the  quantities  of  alcoholic  extract  from 
identical  cotton  fabrics  were  given  as  a  function  of  time  (Table 
II)  showed  that  no  difference  existed  between  ethyl  and  iso¬ 
propyl  alcohols  in  extraction  time.  Isopropyl  alcohol  extracts 


Table  1.  Wax  Values  by  Conrad  Method 

Wax  Values 

Ethyl  alcohol  Isopropyl  alcohol 

No. 

Treatments 

solvent 

solvent 

% 

% 

439 

Gray  goods,  control 

0.72 

0.71 

440 

Kier  boiled  and  soap  washed 

0.74 

0.74 

444 

Kier  boiled 

0.60 

0.64 

445 

Kier  boiled,  soured 

0.53 

0.54 

446 

Kiered,  soured,  H2O2  bleach 

0.36 

0.33 

447 

Kiered,  soured,  chlorine  bleach 

antichlor 

0.40 

0.40 

448 

Kiered,  soured,  chlorine  bleach, 

sour 

0.41 

0.41 

Table  II.  Speed  of  Extraction  of  Wax  from  Cotton  by  Isopropyl  and 

Ethyl  Alcohol 


Wax  Values 


Extraction 

Isopropyl 

Ethyl 

Time 

alcohol 

alcohol 

Hours 

% 

% 

2 

0.83 

0.79 

4 

0.81 

0.87 

6 

0.85 

0.414 

7 

0.87 

0.85 

8 

0.86 

0.85 

as  rapidly  as  ethyl  alcohol  and,  when  the  same  techniques  are 
used,  yields  the  same  quantities  of  wax.  Moreover,  the  general 
appearance  of  the  two  extracts  was  identical,  and  no  differences 
were  detected  in  the  properties  of  the  extracted  fabrics. 


Table  III.  Sugars  Transferred  to  Chloroform  by  Ethyl  and  Isopropyl 
Alcohol  by  Distribution  from  Solutions  Containing  1  Gram  of  Sugar 


Sugar  Taken 

Sucrose 

Dextrose 

Levulose 

Blank  determination 


Isopropyl 

Ethyl 

Alcohol 

Alcohol 

Mg.  . 

Mg. 

0.0 

0.8 

0.1 

0.8 

0.0 

0.0 

0.0 

0.0 

0.0 

2.4 

0.1 

1.6 

0.3 

0.0 

0.0 

0.0 

Conrad  (2)  has  pointed  out  that  no  appreciable  quantities  of 
the  sugars  occurring  in  cotton  fibers,  such  as  perhaps  sucrose, 
dextrose,  or  levulose,  are  transferred  from  ethyl  alcohol  to  the 
chloroform  with  the  w'ax.  To  compare  the  relative  quantities 
of  sugars  transferred  to  chloroform  by  ethyl  alcohol  and  by  iso¬ 
propyl  alcohol,  duplicate  1-gram  samples  of  each  sugar  were 
dissolved  in  100-ml.  quantities  of  isopropyl  alcohol  and  in  like 
quantities  of  ethyl  alcohol  in  the  separatory  funnels,  chloroform 
and  water  were  added,  and  the  determination  was  completed  in 
the  same  way  as  for  wax.  Table  III  shows  that  isopropyl  alcohol, 
probably  because  it  is  a  better  solvent  for  sugars  than  ethyl 
alcohol,  carried  all  the  sugars  into  the  watery  layer,  allowing  none 
to  be  transferred  to  the  chloroform.  In  this  respect,  isopropyl 
alcohol  seemed  superior  to  ethyl  alcohol  as  a  solvent  in  wax  de¬ 
terminations.  The  differences,  how'ever,  are  not  significant. 

Soap,  when  present,  is  determined  as  wax  by  the  Conrad 
technique.  This  characteristic  is  not  changed  by  substitution 
of  isopropyl  for  ethyl  alcohol. 


CONCLUSIONS 

The  substitution  of  isopropyl  for  ethyl  alcohol  as  the  extracting 
solvent  in  the  Conrad  method  for  the  determination  of  wax  in 
cotton  fiber  does  not  alter  the  values  obtained.  Extraction  with 
isopropyl  alcohol  is  accomplished  as  rapidly  and  completely  as 
with  ethyl  alcohol,  with  no  apparent  damage  to  the  resulting 
fabrics.  The  general  characteristics  of  the  extracts  obtained  with 
both  solvents  appear  to  be  identical ;  and  both  solvents  eliminate 
the  transfer  of  sugars  to  the  isolated  wrax. 
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Preparation  of  Silica  Gel  For  Chromatography 

ROBERTA  HARRIS  AND  ARNE  N.  WICK,  Research  Laboratories,  The  Upjohn  Company,  Kalamazoo,  Mich. 


DURING  the  past  2  years  the  authors  have  prepared  for  the 
chromatography  of  penicillin  considerable  quantities  of 
silica  gel.  This  method  of  preparation  is  a  modification  of  that 
reported  by  Gordon,  Martin,  and  Synge  (I)  and  described  in  the 
experimental  section  of  their  paper,  “Partition  Chromatography 
in  the  Study  of  Protein  Constituents”. 

Silica  gel  which  is  satisfactory  for  partition  chromatography  is 
difficult  to  prepare  under  the  best  of  conditions.  Since  it  is  likely 
to  be  more  widely  used  in  the  future,  the  method  of  preparation 
is  reported  in  detail. 

Procedure.  In  a  115-liter,  glass-lined  tank,  34  liters  of  so-' 
dium  silicate  (Merck’s  sodium  silicate  solution,  sp.  gr.  1.38  to 
1.40,  Be.  40°  to  42°)  and  10  liters  of  water  are  mixed  with  a  high¬ 
speed  stirrer  (Lightnin  air  mixer,  Type  AR-25,  1750  r.p.m.,  0.25 
h.p.,  two  7.6-cm.  propellers).  Hydrochloric  acid  (10  N)  is  added 
very  slowly  (17  liters  in  2.5  to  3  hours)  with  vigorous  stirring  until 
the  mixture  is  permanently  acid  to  thymol  blue  (pH  2.0  to  2.8). 
A  large  separatory  funnel  is  convenient  for  the  addition  of  the 
acid. 

When  about  4  liters  of  the  hydrochloric  acid  have  been  added,  a 
very  thick,  gummy  mass  is  formed.  At  this  point  the  addition  of 
acid  is  stopped,  and  the  mass  is  thoroughly  broken  up  with  a 
heavy  wooden  paddle.  More  acid  is  added  dropwise  with  stirring 
until  a  thin  suspension  results.  The  rate  of  the  addition  of  acid 
can  then  be  increased  until  the  desired  pH  is  reached. 

The  suspension  is  allowe.d  to  digest  at  25°  C.  with  continuous 
stirring  for  2  hours,  then  filtered  by  suction  on  a  large  stoneware 
filter  (66-cm.  diameter).  Sharkskin  paper  (Carl  Schleicher  and 
Schull  Co.,  116  West  14th  St.,  New  York,  N.  Y.)  plus  a  thick 


filter  pad  has  been  used  for  this  filtration.  A  hard  cake  of  very 
fine  silica  gel  forms  on  top  of  the  filtering  material.  This  must  be 
broken  up  in  order  to  speed  the  filtering  process  which  usually 
requires  about  14  hours.  At  this  point  the  silica  gel  can  be  aged 
in  0.2  N  hydrochloric  acid  as  described  by  Synge  ( 1 ).  This  re¬ 
quires  2  days  and  increases  the  buffer-adsorbing  titer  of  the  prod¬ 
uct  by  approximately  20  to  40%. 

In  either  case  the  silica  gel  is  suspended  in  tap  water,  filtered, 
and  washed  until  free  of  acid.  The  washed  silica  gel  is  dried  at 
200°  C.  for  12  hours  and  ground  to  a  particle  size  of  50-  to  150- 
mesh,  using  a  Fitzpatrick  Model  D  hammer  mill.  The  ground 
silica  gel  is  washed  with  distilled  water  until  free  of  chloride  (silver 
nitrate  test)  and  dried  in  shallow  pans  at  250°  C.  for  24  to  43 
hours.  This  time  and  temperature  are  necessary  in  order  to  ob¬ 
tain  a  product  having  a  maximum  buffer-adsorbing  titer.  Silica 
gel  prepared  without  aging  in  0.2  N  hydrochloric  acid  adsorbs  85 
to  100%  of  its  weight  of  water  without  becoming  lumpy  or  moist. 
For  purifying  penicillin  the  less  expensive  unaged  product  has 
been  found  satisfactory. 

The  final  product  is  transferred  to  dry  bottles  while  still  hot 
and  sealed  to  avoid  moisture  uptake.  From  34  liters  of  sodium 
silicate  solution  approximately  15  kg.  of  50-  to  150-mesh  silica 
gel  are  obtained.  This  is  enough  for  the  chromatography  of 
approximately  100,000,000  units  of  Penicillin  G. 

The  isolation  of  pure  penicillins  using  silica  gel  chromatography 
will  be  reported  in  a  separate  publication. 
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Determination  of  Small  Amounts  of  4-Vinyl-l-cyclohexene  (Butadiene  Dimer) 

in  Tetrahydrophthalic  Anhydride 

BENJ.  WARSHOWSKY  AND  PHILIP  J.  ELVING 
Publicker  Industries  Incorporated,  Philadelphia  48,  Pa. 


TETRAHYDROPHTHALIC  anhydride  (4-cyclohexene-l,2- 
dicarboxylic  acid  anhydride)  is  usually  prepared  by'  the 
Diels-Alder  reaction  ( 1 )  of  1,3-butadiene  with  maleic  anhydride. 
The  product,  which  is  obtained  in  practically  quantitative  yield, 
is  pure  except  for  the  presence  of  minute  amounts  of  the  dimer 
of  butadiene,  4- vinyl- 1-cyclohexene,  which  is  formed  at  the 
temperature'  needed  to  keep  the  maleic  anhydride  liquid  for  ready 
reaction — e.g.,  80°  to  100°  C.  From  the  viewpoint  of  control 
and  constancy  of  product,  it  was  desirable  to  have  a  rapid,  simple 
method  for  determining  fractions  of  a  per  cent  of  the  butadiene 
dimer  in  the  tetrahydrophthalic  anhydride.  A  solution  was 
found  in  the  selective  extraction  of  the  vinylcyclohexene  from 
aqueous  alkaline  solution  by  cyclohexane  and  in  the  deter¬ 
mination  of  the  vinylcyclohexene  in  the  cyclohexane  extract  by 
the  determination  of  the  extent  of  unsaturation. 

Subsequent  to  the  work  described  in  this  report  a  method  for 
the  determination  of  vinylcyclohexene  in  recycle  styrene  was 
described  by  Laitinen,  O’Brien,  and  Wawzonek  (2).  The 
sample  is  dissolved  in  dioxane  and  the  styrene  polymerized  on 
refluxing,  using  sodium  as  catalyst;  the  vinylcyclohexene  left 
in  solution  is  determined  by  the  iodine  chloride  method.  The 
method  is  sensitive  to  0.2%  vinylcyclohexene  and  is  accurate  to 
±0.2%  (absolute)  over  a  range  of  1  to  20%  vinylcyclohexene. 
Since  this  method  involves  removal  of  the  principal  constituent 
by  selective  polymerization,  it  could  not  be  applied  to  the  deter¬ 
mination  of  vinylcyclohexene  in  tetrahydrophthalic  anhydride; 
in  addition,  the  sensitivity  was  insufficient  for  the  range  of  con¬ 
centration  covered. 


Procedure.  The  sample  size  used  is  governed  by  the  amount 
of  vinylcyclohexene  believed  present.  For  the  range  of  0.01  to 
0.10%  a  10-gram  sample,  weighed  to  the  second  decimal  place, 
of  product  tetrahydrophthalic  anhydride  is  added  to  a  250-ml. 
separatory  funnel  containing  40  ml.  of  aqueous  10%  sodium 
hydroxide  solution,  followed  by  the  addition  of  50  ml.  of  cyclo¬ 
hexane  (free  of  unsaturated  material).  After  agitation  and 
separation  into  layers,  the  lower  aqueous  layer  is  removed  and 
the  extraction  of  the  cyclohexane  fraction  is  repeated.  Three  ex¬ 
tractions  are  sufficient.  The  extent  of  unsaturation  of  the 
cyclohexane  extract  can  be  satisfactorily  determined  by  the 
bromide-bromate  titration  method  of  Mulliken  and  Wakeman 
(3).  The  percentage  of  vinylcyclohexene  in  the  sample  is  readily 
calculated  from  the  bromine  number  found,  296  being  the  bromine 
number  for  pure  vinylcyclohexene,  or  from  the  milliequivalents  of 
bromine  consumed,  27.05  being  the  equivalent  weight  of  vinyl¬ 
cyclohexene. 

When  the  procedure  was  applied  to  samples  of  vinylcyclo- 
hexene-free  tetrahydrophthalic  anhydride  (bromine  number  = 
105),  the  cyclohexane  extract  had  a  bromine  number  of  0.00. 
Application  of  the  procedure  to  small  samples  of  vinylcyclohexene 
showed  quantitative  recovery  within  10  relative  per  cent.  Anal¬ 
ysis  of  synthetic  mixtures  of  vinylcyclohexene  and  tetrahydro¬ 
phthalic  anhydride  containing  0.02  to  2.0%  of  the  former  showed 
similar  recovery.  The  vinylcyclohexene  used  in  these  experi¬ 
ments  was  obtained  by  careful  fractionation  of  the  dimer  pre¬ 
pared  by  the  liquid-phase  thermal  dimerization  of  butadiene. 
The  physical  constants  of  the  material  used  checked  the  values 
reported  in  the  literature.  Analysis  of  a  typical  preparation 
of  tetrahydrophthalic  anhydride  indicated  0.038  ±  0.0035% 
vinylcyclohexene  to  be  present. 
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The  determination  of  vinylcyclohexene  by  halogen  addition 
her  than  by  the  method  of  Mulliken  and  Wakeman  ( 3 )  is  dis¬ 
used  by  Laitinen  and  co-workers  (2),  who  found  that  93  to  97% 
the  theoretical  amount  of  halogen  was  added.  The  bromate 
ethod  used  in  this  report  was  found  to  give  91  ^  2%  of  the 
dculated  halogen  addition,  which  is  sufficiently  accurate  for  the 
w  concentration  range  covered.  Application  of  a  correction 
'  the  type  used  by  Laitinen  and  co-workers  {2)  would  improve 
le  accuracy  of  the  results;  for  high  concentrations  of  vinyl- 
mlohexane  it  would  be  preferable  to  use  such  a  correction. 


It  is  apparent  that  the  procedure  described  can  be  applied  to 
the  determination  of  vinylcyclohexene  in  any  saturated  or  un¬ 
saturated  substance  which  is  not  extracted  by  cyclohexane  from 
alkaline  or  neutral  aqueous  solution. 
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Distilling  Apparatus 


for  Production  of  Pure  Water 


FREDERIC  E.  HOLMES,  6515  Blueridge  Ave.,  Cincinnati  13,  Ohio 


rHE  apparatus  shown  in  Figure  1  was  developed  and  used  in 
the  Clinical  Laboratory  at  Bushnell  General  Hospital  (Army 
ervice  Forces,  Ninth  Service  Command,  Brigham,  Utah)  to 
apply  water  of  considerably  higher  purity  than  that  ordinarily 
vailable,  for  preparation  of  gold  sols,  and  for  other  special  serolog- 
■al  and  chemical  preparations  and  uses.  It  was  not  necessary  to 
btain  water  of  the  extreme  purity  required  for  certain  physical 
measurements  or  for  determining  extremely  minute  amounts  of 
arious  substances.  The  assembly  and  operation  of  the  still  had 
o  be  of  utmost  simplicity,  for  use  by  personnel  whose  interest 
nd  training  were  primarily  in  clinical  methods,  without  diverting 
ttention  from  their  primary  work  to  the  still  during  operation  to 
void  entrainment,  flooding,  or  other  faults  in  performance  o.  to 
oake  control  tests  of  the  distillate.  The  apparatus  was  designed 
o  meet  severe  limitations  of  bench  space  and  head  room  and  of 
oaterial  available  for  construction. 

The  present  still  is  a  modification  of  one  used  at  Wright  Field 

1). 

The  output  of  batch  operation  (approximately  2  liters  daily) 
vas  adequate,  making  it  possible  to  eliminate  the  reservoir  and 
iccessories  for  maintaining  constant  level  of  raw  water  in  the  boil- 
Dg  flask  used  at  Wright  Field.  More  elaborate  accessories  for 


control  of  flow  of  cooling  water  were  eliminated  by  the  “mixer  , 
in  which  relatively  large  changes  in  rate  of  flow  of  cold  water,  ob¬ 
tainable  by  a  crude  valve  such  as  a  sink  faucet,  induce  small 
changes  in  rate  of  flow  of  convection  currents  between  mixer  and 

condenser.  .  ,  .il  .  ,  , 

The  column  is  held  upright  by  a  single  clamp,  with  its  weight 
resting  on  a  ring  of  clean  cotton  in  the  bottom  of  the  water  seal. 
(This  type  of  joint  was  used  to  reduce  the  danger  of  breakage 
because  ball-and-socket  ground  joints  were  not  available.)  A 
Meker  burner  is  adequate  for  heating.  Rate  of  boiling  and  con- 
densation  are  adjusted  to  waste  about  one  third  of  the  water  va¬ 
por  through  the  vent  at  the  top.  , 

A  sample  submitted  to  the  Bureau  of  Standards  was  reported  to 
contain  nonvolatile  electrolyte  equivalent  to  0.28  p.p.m.  of  so¬ 
dium  chloride  by  conductivity  measurement,  part  of  which  may 
have  been  dissolved  from  the  container  in  transit. 

The  same  distillation  may  be  performed  in  two  steps  in  a  col¬ 
umn  assembled  with  standard  parts.  The  suggested  column  con¬ 
sists  of  a  boiling  flask,  Hempel  distilling  column  packed  with  short 
pieces  of  glass  tubing  in  the  lower  half,  take-off  adapter  with  stop¬ 
cock  and  Liebig  reflux  condenser  (Ace  Glass,  Inc.,  Catalog  Nos. 
5910,  5245,  6615,  6902,  and  5030),  all  connected  by  ball-and- 
socket  joints.  Each  batch  of  water  is  first  refluxed  with  the  stop¬ 
cock  closed  to  drive  off  gases  and  other  volatile  solutes.  The  stop- 
cock  is  then  opened  for  collection  of  the  distillate.  In  this 
column  less  glass  surface  is  exposed  to  action  of  hot  water,  and 
much  of  the  soluble  material  from  the  surface  of  the  glass  which 
would  otherwise  contaminate  the  distillate  is  extracted  during 
the  first  boiling  and  remains  with  the  residue  in  the  boiling  flask 
during  the  distillation. 

When  the  trace  of  dissolved  material  from  the  glass  can  be  con¬ 
sidered  negligible,  the  choice  of  columns  becomes  a  matter  of 
convenience  and  personal  preference.  The  column  used  at  Bush¬ 
nell  has  some  advantage  in  simplicity  of  operation.  No  packing  is 
required  to  prevent  entrainment.  It  is  almost  impossible  for  the 
apparatus  to  function  improperly.  No  attention  is  required  for 
change  from  a  first  to  second  stage  of  distillation,  and,  since  both 
stages  proceed  simultaneously,  only  half  the  time  is  required  for 
the  same  duration  of  reflux  in  the  entire  distillation.  Such  consid¬ 
erations  may  be  of  considerable  importance  in  a  busy  laboratory 
where  the  still  is’easily  forgotten. 

The  dimensions  of  the  column  are  not  critical,  and  can  be  es¬ 
timated  with  sufficient  accuracy  by  reference  to  Figure  1 ;  33-, 
24-,  and  19-mm.  (outside  diameter)  tubing  is  satisfactory  for 
outer  (first-stage),  middle  (return),  and  inner  (second-stage) 
tubes.  A  tube  approximately  12  X  40  mm.  is  fused  into  the  neck 
of  a  2-liter  flask  to  form  the  water  seal. 
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Figure  1 .  Diagram  of  Apparatus 


Regeneration  of  the  Walden  Silver  Reductor 

EUGENE  H.  HUFFMAN,  Radiation  Laboratory,  University  of  California,  Berkeley,  Calif. 


THE  usual  method  for  regeneration  of  the  silver  reductor  is 
that  given  by  the  originators  of  the  reductor  ( 1 ).  This 
method  consists  of  filling  the  column  with  about  0.1  M  sulfuric, 
acid  and  allowing  a  zinc  rod  to  remain  in  contact  with  the  silver 
until  the  dark  silver  chloride  has  disappeared.  Although  ef¬ 
fective,  this  method  sometimes  requires  as  much  as  48  hours. 
When  such  reductors  are  subjected  to  considerable  use,  it  may  be 
necessary  to  have  several  of  them  undergoing  reduction  for  each 
one  in  use.  To  avoid  the  necessity  of  having  at  least  12  reduc¬ 
tors  at  hand,  the  following  directions  for  regenerating  the  silver 
have  been  used  in  this  laboratory: 

Approximately  15  grams  of  crystalline  chromic  chloride  are 
dissolved  in  50  ml.  of  water  in  a  250-ml.  Erlenmeyer  flask  and 
about  8  grams  of  granular  zinc  added.  Concentrated  hydro¬ 
chloric  acid  is  then  added  slowly  until  there  is  a  brisk  evolution 
of  hydrogen,  and  more  acid  is  added  as  the  reaction  subsides. 


When  the  reduction  to  chromous  chloride  is  complete,  as  indi¬ 
cated  by  the  blue  color,  the  solution  is  poured  into  the  reductor 
and  allowed  to  percolate  through  the  silver-silver  chloride 
column.  The  solution  is  green  for  a  while  as  it  leaves  the  reduc¬ 
tor.  The  reaction  is  complete  when  the  solution  comes  out  with 
a  blue  color.  The  chromous  chloride  solution  is  then  rinsed  from 
the  reductor  with  0. 1  M  sulfuric  acid  and  the  reductor  is  readv  for 
use. 

The  total  time  required  for  the  regeneration  of  a  reductor 
which  has  been  darkened  for  three  quarters  of  the  length  of  the 
silver  column  is  20  to  30  minutes,  including  the  preparation  of  the 
chromous  chloride  solution.  The  reductors  have  the  same  char¬ 
acteristics  after  this  treatment  as  after  regeneration  by  zinc. 
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New  Type  of  Reflux  Condenser 

WILLARD  T.  SOMERVILLE,  Elmhurst,  N.  Y. 


W'  HEN  a  reflux  condenser  of  conventional  design  is  operated 
at  or  near  its  capacity,  the  friction  between  the  ascending 
stream  of  vapor  and  the  descending  condensed  film  on  the  glass 
causes  a  reduction  in  the  amount  of  return  condensate  and  a 


holdup  on  the  condensing  surfaces.'  The  condensed  film  is  thick¬ 
ened  and  in  a  short  time  enough  fluid  is  held  back  so  that  the 
space  between  the  condensing  walls  is  bridged  with  liquid.  This 
results  in  “slugging”  or  “flooding”,  which  becomes  worse  on  the 
continued  entrance  of  vapor  into  the  condensing  chamber.  It  is 
then  necessary  to  stop  the  operation  to  permit  the  fluid  to  drain 
back  into  the  reaction  vessel.  Often  it  is  not  desirable  or  possible 
to  interrupt  the  refluxing,  especially  when  exothermic  reactions 
are  encountered,  to  allow  the  trapped  condensate  to  return. 


The  present  paper  relates  to  a  reflux 
condenser  with  increased  capacity  and  a 
nonflooding  feature. 

The  apparatus  shown  in  Figure  1 
(patent  applied  for)  consists  of  a  trap 
integrally  constructed  with  an  Allihn 
condenser;  the  upper  part  of  the  trap 
is  cooled  via  the  common  wall.  The 
trap  has  three  or  more  openings  in  the 
floor,  permitting  the  condensate  to  drain 
back  to  the  reaction  vessel.  The  path 
of  the  vapor,  for  the  most  part,  is  free 
of  contact  with  returning  condensate. 
When  this  apparatus  is  operated  at  or 
near  capacity,  the  retained  liquid  is  held 
in  the  trap  and  does  not  impair  the  effi¬ 
ciency  of  the  condenser.  If  any  fluid  is 
held  in  the  bottom  of  the  trap,  it  will 
return  to  the  vessel  when  the  violence 
of  the  ebullition  subsides.  This  con¬ 
denser  has  been  found  very  useful  in 
controlling  bumping  and  foaming  liquids, 
since  they  are  thrown  against  the  side 
wall  and  can  drain  back. 

In  Table  I,  data  are  given  on  an 
esterification  using  mineral  acid  as 
catalyst,  and  benzene  as  the  azeotropic 
water-entraining  substance.  This  reac¬ 
tion  proceeded  at  a  rate  faster  than 
the  water  could  be  removed,  resulting 
in  the  formation  of  numerous  large 
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Table  1.  Esterification  of  Phenylacetic  Acid  with  n-Pentanol 

(Reaction  mixture,  15  moles  of  acid,  20  moles  of  alcohol,  500  ml.  of  benzene. 

5  ml.  of  H2SO4) 


Allihn  Condenser  of  Same 

Condenser  of  Figure  1  Dimensions 

Water  in  Water  in 


Time 

moisture  trap 
used 

Reaction  water 
collected 

moisture  trap 
used 

Reaction  water 
collected 

Min. 

Ml. 

% 

Ml. 

% 

0 

0 

0.0 

0 

0.0 

15 

35 

12.4 

32 

10.8 

25 

48 

17.0 

42 

14.9 

45 

96 

33,9 

84 

29.8 

55 

124 

■  44.8 

108 

38.3 

70 

151 

53.3 

131 

46.4 

90 

214 

75.6 

186 

66.9 

105 

259 

91.5 

229 

81.3 

135 

276° 

97.4 

268 

95.0 

150 

282 

99.7 

274“ 

97.2 

175 

283 

100.0 

281 

99.7 

215 

282 

100.0 

“  Water  measured  was  hot,  which  may  account  for  larger  volume.  Theo¬ 
retical  amount  is  270  ml. 


droplets  of  water  in  the  reaction  mixture.  In  a  simultaneous 
experiment,  a  condenser  constructed  according  to  Figure  1 
was  compared  with  an  Allihn  condenser  of  the  same  dimensions, 
but  without  the  trap.  The  reaction  vessel  was  heated  as  strongly 
as  possible  without  flooding  the  condenser.  Table  I  indicates 
that  the  time  for  the  completion  of  reactions  of  this  type  may  be 
materially  reduced  by  the  use  of  this  improved  reflux  condenser. 
The  true  differences  between  the  two  condensers  are  greater  than 
shown,  owing  to  the  reduction  in  reaction  rate  as  the  concentra¬ 
tion  of  reactants  are  reduced.  The  last  few  milliliters  of  water 
are  particularly  slow  in  formation  and  removal. 

During  this  reaction,  the  condenser  of  Figure  1  was  operated  so 
that  none  of  the  condensate  was  held  up  in  the  trap;  it  could 
have  been  operated  at  a  greater  rate  if  some  condensate  had  been 
held  in  this  trap. 

The  above  data  show  that  a  condenser  of  this  design  has  a 
larger  capacity  and  can  cope  with  bumping  and  foaming  liquids. 
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Style  Requirements 


In  April  we  discussed  editorially  the  field  which  the 

Analytical  Edition  should  endeavor  to  include 
in  its  coverage,  emphasizing  its  desire  to  print  more 
papers  on  evaluation  of  analytical  results,  statistical 
treatment  of  analytical  data,  principles  and  theory  of 
analytical  chemistry,  and  college  training  of  personnel. 
The  Analytical  Edition  is  in  position  to  print  all 
such  material  promptly. 

Manuscripts  offered  for  publication  differ  widely,  not 
only  in  scientific  value  but  in  their  presentation.  Some 
are  well  written,  logically  developed,  concisely  written, 
yet  giving  all  necessary  details.  When  these  manu¬ 
scripts  .are  typed  double  space,  with  wide  margins  to 
allow  room  for  directions  to  the  printer,  and  are  ac- 
:ompanied  by  drawings  and  photographs  from  which 
engravings  can  be  made  without  retouching  or  reletter¬ 
ing,  they  gladden  the  editor’s  heart. 

Others,  however,  fail  to  meet  these  specifications,  and 
it  is  to  authors  of  such  papers,  as  well  as  to  those  who 
have  not  previously  contributed  to  our  pages,  that  this 
editorial  is  directed. 

To  be  of  the  greatest  service  the  scientific  facts 
must  be  presented  in  a  clear.,  logical  readable  manner. 
Mi  important  point  to  be  kept  in  mind  in  writing  any 
article  is  the  type  of  reader  to  be  reached.  Readers  of 
the  Analytical  Edition  are  intelligent  scientists,  who 
do  not  need  schoolbook  directions  for  laboratory  pro¬ 
cedure;  they  do  need  to  be  given  sufficiently  explicit 
directions  so  that  they  can  repeat  the  work  reported, 
if  need  be. 

When  a  scientist  has  work  to  report  in  a  certain 
journal  the  Analytical  Edition  or  any  other — he 
should  familiarize  himself  with  that  journal  and  model 
his  report  on  particularly  good  papers  published  there. 
A.  little  time  devoted  to  thinking  the  article  through 
before  putting  pen  to  paper  will  pay  dividends  in  pro¬ 
ducing  a  logical,  concise,  and  readable  presentation  that 
^avoids  repetition  yet  gives  all  the  facts.  An  outline 
might  be  set  up,  for  instance,  as  (1)  why  the  work  was 
done,  with  a  brief  reference  to  previous  work,  properly 
documented,  (2)  a  concise  account  of  what  was  done, 

ith  all  necessary  details  as  to  apparatus,  reagents,  and 
procedure  followed,  and  (3)  the  result  of  the  investiga¬ 
tion  and  conclusions  drawn. 


A  short  abstract  that  can  be  printed  at  the  beginning 
of  the  article  is  a  great  help  to  the  busy  reader,  as  it 
enables  him  to  decide  at  once  whether  to  read  the 
article  in  full  then  and  there,  to  lay  it  aside  for  later 
attention,  or  to  skip  it  as  outside  his  field  of  interest. 

Too  many  manuscripts  give  the  impression  that  the 
author  has  dictated  a  chronological  account  of  what  he 
has  done  in  the  laboratory  or — worse — has  asked  his 
secretary  to  copy  hand-written  notes  and  then  has 
failed  to  read  the  manuscript  over  and  check  it  for  ac¬ 
curacy.  A  good  secretary  will  take  care  of  misspelled 
words  and  punctuation,  but  cannot  always  interpret 
carelessly  written  figures  or  chemical  terms.  Footnotes 
are  too  often  an  indication  of  sloppy  thinking.  The 
material  there  given  might  better  be  incorporated  in 
the  text  oi'  perhaps  presented  in  a  separate  note. 

Literature  citations  should  be  carefully  checked  for 
accuracy  and  completeness.  Industrial  and  Engi¬ 
neering  Chemistry  prints  them  at  the  end  of  each 
article,  arranged  alphabetically  by  authors,  and  with 
corresponding  numbers  inserted  in  the  text  at  appropri¬ 
ate  places.  The  abbreviations  used  are  given  in  the 
“List  of  Periodicals  Abstracted  by  Chemical  Abstracts” . 
The  spelling  and  nomenclature  approved  by  the  So¬ 
ciety’s  Committee  on  Nomenclature,  Spelling,  and 
Pronunciation  are  followed.  This  subject  has  been  re¬ 
cently  discussed  in  the  introduction  to  the  1945  subject 
index  to  Chemical  Abstracts.  The  Merriam  Webster 
dictionary  is  followed  as  the  authority  for  deciding  on 
the  spelling  of  nontechnical  words. 

Specifications  and  directions  for  preparing  copy,  in¬ 
cluding  illustrations,  are  given  in  “Suggestions  to 
Authors”,  copies  of  which  will  be  sent  on  request  to 
any  who  are  interested.  A  summary  is  printed  on 
page  340  of  this  issue. 

Having  a  definite  bearing  on  the  question  of  the 
preparation  of  chemical  papers  is  what  seems  to  be  a  re¬ 
grettable  lack  of  cooperation  between  the  departments 
of  chemistry  and  of  English  in  most  of  our  colleges  and 
universities.  If  the  ability  to  write  a  clear,  concise 
report  is  not  developed  during  the  college  course,  it  is 
acquired  only  with  difficulty  after  graduation.  Is  not 
this  a  subject  that  should  be  given  greater  considera¬ 
tion  by  our  chemical  educators? 
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Improvement  of  Precision  by  Repeated  Measurements 

Application  to  Analytical  Control  Methods 

JOHN  MANDEL1 
Columbia  University,  New  York,  N.  Y. 


This  article  critically  examines  replication  of  measurements  as  a  means 
of  increasing  precision.  Formulas  are  provided  for  evaluating  such 
improvement  of  precision  in  any  given  case  and  for  computing  con¬ 
fidence  limits  in  routine  analysis. 

IX  A  previous  paper  (2)  it  was  shown  how  the  estimation  of  the 
precision  of  analytical  methods  can  be  accomplished  by 
means  of  modern  statistical  theory.  This  article  considers  in 
detail  some  questions  arising  in  the  study  of  precision. 

While  the  practice  of  at  least  duplicating  every  analysis  is 
well  established  among  analysts,  the  increase  in  precision  thus 
brought  about  has  seldom  been  considered.  However,  this 
question  appears  to  be  of  considerable  importance,  as  can  be 
inferred  from  the  following  considerations. 

In  the  practice  of  routine  analysis,  it  is  customary  to  obtain 
some  indication  about  the  precision  of  analytical  results  from  the 
“closeness”  of  the  replicate  determinations  (generally  duplicates) 
made  by  the  analyst.  In  some  cases  the  optimistic  picture  thus 
obtained  is  tempered  by  the  knowledge,  gained  through  experi¬ 
ence,  that  this  closeness  is  very  often  grossly  misleading.  Moran 
(S)  has  given  some  attention  to  this  matter,  and  has  studied  it  ex¬ 
perimentally  on  the  basis  of  data  obtained  in  his  laboratories. 
Having  found  that  the  ratio  of  the  standard  deviation  of  single 
determinations  to  that  of  averages  of  duplicates  was  1.05 — ap¬ 
preciably  less  than  the  theoretical  value  y/2  for  the  case  of  true 
random  determinations — Moran  (8)  ascribes  this  result  to  the 
fact  that  “duplicate  analyses  made  at  the  same  time  are  not 
truly  random  but  are  rather  influenced  by  slight  variations  in 
technique  or  surrounding  conditions”. 

In  a  population  of  variance  <r2,  the  variance  of  the  mean  of  a 
random  sample  of  n  is  c2/n;  the  corresponding  standard  deviation 
is  thus  <x/y/n.  The  ratio  mentioned  above  is,  therefore,  in  the 

case  n  —  2,  — =  \/2  =  1.41  .  .  . 

<r/V2 

Moran  calls  this  ratio  the  “ratio  of  improvement  by  duplica¬ 
tion”.  It  seems  preferable  to  consider  the  ratio  of  the  variances, 
the  squares  of  the  standard  deviations;  then  the  theoretical 
value  for  duplication  is  simply  2;  for  n-fold  replication  it  will 
be  n.  The  advantage  lies  in  the  intuitiveness  of  the  interpre¬ 
tation.  On  the  other  hand,  the  standard  deviations  referred  to 
in  Moran’s  “ratio  of  improvement”  are  “population  param¬ 
eters” — i.e.,  fixed  though  unknown  constants  characterizing  the 
distribution  of  errors  in  the  case  considered.  Now  these  quanti¬ 
ties  being  unknown,  we  substitute  for  them  estimates  derived 
from  the  data  available;  but  such  estimates  are  obviously  sub¬ 
ject  to  fluctuations  or,  in  statistical  terminology,  to  “sampling 
errors”.  Thus  in  considering  the  ratio  1.05  obtained  by  Moran, 
it  is  well  to  keep  in  mind  that  a  repetition  of  the  whole  experiment 
might  have  given  a  quite  different  value,  perhaps  1.23,  which  is 
already  much  closer  to  the  number  1.41  based  on  the  hypothesis  of 
randomness.  For  this  reason  it  becomes  desirable  to  infer  from 
the  data  available  not  only  the  estimated  ratio,  but  also  an  evalu¬ 
ation  of  the  precision  with  which  it  is  obtained. 

This  matter,  among  other  things,  is  discussed  in  the  following 
pages;  formulas  are  given,  based  on  the  theory  of  statistics,  for 
determining  various  quantities  which  are  of  interest  in  this  con¬ 
nection.  The  calculations  involved  in  this  type  of  analysis  of 

1  Present  address,  The  BG  Corporation,  136  West  52nd  St.,  New  York, 
N.  Y. 


data,  which  will  be  seen  to  be  simple  and  on  an  elementary  level, 
are  described  in  Section  III  and  illustrated  in  Section  VI  by  means 
of  the  data  given  in  Moran’s  paper  (8).  The  reader  is,  however, 
strongly  urged  to  give  careful  consideration  to  Section  I,  where 
the  chemical  situation  is  described  to  which  the  proposed  method 
is  applicable.  It  cannot  be  expected — as  it  never  can  be  in  the 
practical  application  of  theoretical  considerations — that  the  con¬ 
ditions  of  Section  I  will  be  exactly  fulfilled.  It  is  rather  a  matter 
of  personal  judgment  on  the  part  of  the  chemist  to  decide  whether 
the  conditions  in  his  case  correspond  sufficiently  to  the  theoretical 
model  described  to  permit  application  of  the  present  method. 
Such  subjective  judgment  can  efficiently  be  supplemented  by 
statistical  tests  of  randomness,  of  equality  of  precisions,  and 
the  like  (cf.  10).  While  these  tests  are  valuable  in  that  they 
offer  means  of  evaluating  in  an  objective  and  consistent  way  a 
variety  of  important  aspects  connected  with  the  precision  of  ana¬ 
lytical  methods,  the  author  feels  that  they  will  in  general  not  be 
necessary  for  the  application  of  the  method  proposed  in  this 
paper,  provided  the  analytical  procedure  in  question  is  well  de¬ 
fined  in  its  various  steps.  This  point  is  brought  out  more  clearly 
in  the  following  discussion. 

t 

I.  APPLICABILITY  OF  THE  TEST 

Suppose  that  in  order  to  gain  quantitative  information  about 
the  behavior  of  an  analytical  procedure  in  routine  work,  the  re¬ 
search  analyst  devises  one  of  the  following  experiments: 

1.  A  sample,  containing  v%  of  the  considered  constituent,  is 
stored  and  analyzed  at  regular  intervals,  say  eyery  month,  for  a 
period  of  M  months,  by  the  same  chemist,  in  Ar-fold  replication 
each  month.  The  N  replicate  determinations  are  to  be  performed 
as  closely  together  as  they  are  expected  to  be  made  in  actual  rou¬ 
tine  work.  Thus  M  series,  of  N  parallel  determinations  each,  art 
obtained. 

2.  A  similar  experiment  is  performed,  involving  several  ana¬ 
lysts,  with  the  understanding,  however,  that  (a)  every  series  o: 
N  replicates  is  performed  by  one  analyst  only;  and  (6)  a  randon 
experiment  is  performed  to  select  the  analyst  for  every  series 
Thus  if  4  analysts  are  available,  4  slips  of  paper,  one  of  which  i 
marked,  are  thoroughly  mixed,  after  which  every  chemist  draw; 
one  slip;  whoever  draws  the  marked  slip  performs  the  series  o 
analyses  for  this  month,  regardless  of  possible  repetitions  due  t< 
chance. 

3.  The  type  of  experiment  is  modified,  in  that  M  laboratorie 
are  selected  at  random  (in  so  far  as  this  is  feasible,  considerini 
their  suitability  for  the  given  type  of  analysis,  etc.).  In  thi 
case  it  may  be  superfluous  to  space  the  M  series  in  time:  A 
samples  of  the  same  material  are  sent  simultaneously  to  the  vari 
ous  laboratories. 

4.  Any  similar  type  of  experiment  can  be  considered,  wit 
the  twofold  restriction,  however,  that  (a)  only  one  analyst  make 
the  N  replicates  in  a  given  series;  and  (b)  the  series  are  more  c 
less  random  with  respect  to  the  factor  which  is  considered  t 
cause  marked  discrepancies  between  series,  such  as  laboratorj 
chemist,  weather  conditions,  etc. 

Under  these  conditions  the  following  assumptions  are  mad 

A.  To  every  series,  say  the  ith,  corresponds  a  “populatio 
mean”  m  (which  may  be  interpreted  as  the  mean  of  all  tl 
analyses,  in  infinite  number,  which  could  be  performed  und< 
the  same  stability  of  conditions  as  prevailed  for  the  N  analyst 
actually  performed  in  this  series).  As  pointed  out  by  Mora; 
one  should  not  in  general  expect  this  /*,-  to  be  equal  to  v,  even 
the  case  of  a  very  accurate  method  of  analysis,  since  slight  vai 
ations  in  the  surrounding  conditions  will  influence  similarly  £ 
the  results  of  the  series. 
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B.  All  series  are  performed  with  equal  precision.  This  does 
not  mean,  of  course,  that  the  estimate  of  precision  (2)  is  to  be 
identical  for  all  M  series;  it  rather  implies  that  no  significant 
difference  exists  between  these  estimates.  As  pointed  out  pre¬ 
viously,  this  assumption,  the  validity  of  which  might  be  ques¬ 
tioned  by  the  reader,  is  believed  by  the  author  to  hold  in  general, 
provided  the  analytical  method  under  study  is  described  in 
sufficient  detail — i.e.,  to  such  an  extent  that  no  wide  divergence 
in  pH  values,  temperatures,  volumes  used,  etc.,  can  arise — and 
provided  the  analysts  are  all  reasonably  competent. 

C.  Within  each  series  the  various  results  are  distributed 
according  to  the  “normal”  (“gaussian”)  law  of  errors  (cf.  any 
elementary  textbook  on  statistics,  e.g.,  1).  There  can  hardly  be 
a  question  that  this  is  at  least  approximatively  true  for  most 
analytical  results. 

D.  The  values  m  themselves  are  considered  as  a  random 
sample  of  a  normally  distributed  population  corresponding  to  the 
totality  of  laboratories  in  a  given  region,  or  to  the  totality  of 
replicate  series  in  a  given  laboratory,  etc.,  according  to  the  type 
of  experiment  as  discussed  above.  The  question  whether  v  is  the 
true  mean  of  all  these  m.  is  of  no  concern  to  us  in  this  connection, 
since  all  we  are  interested  in  here  is  the  precision  of  the  method.- 


In  order  to  evaluate  the  practical  significance  of  the  calcula¬ 
tions  described  below,  it  is  necessary  to  distinguish  between  the 
task  of  the  research  analyst  and  that  of  the  routine  chemist. 
While  for  the  former  any  parameter  describing  the  precision  of 
his  method  wall  be  of  value,  the  latter,  on  the  contrary,  wall  be 
interested  in  any  new  concept  only  in  so  far  as  it  may  help  him 
in  locating  in  the  best  possible  wray  the  unknown  value  he  is 
asked  to  determine  by  analysis.  What  contribution  our  statisti¬ 
cal  analysis  can  make  to  this  end  is  being  discussed  in  Section  V. 
A  mathematical  justification  of  the  statistical  test  procedure  is 
given  in  Section  VII. 

III.  STATISTICAL  TEST  PROCEDURE 

Let  there  be  M  series  of  N  replicates  each.  We  can  represent 
them  as  follows: 

1st  series:  Xu  xvi  xu.  .  .xin 

2d  series:  xai  xn  xn .  .  .  X2.v 


Let  v'  represent  the  population  mean  value  of  all  the  m  and  let  v 
be  the  “true  value”  (or  the  theoretical  value  in  the  case  of  a  synthetic 
sample) ;  if  v'  =  v  the  method  is  accurate;  if  v'  v,  v'  —  v  is  the  sys¬ 
tematic  error  of  the  method  (cf .  2) . 

Here  again  there  may  arise  serious  doubt  in  the  reader’s  mind 
concerning  the  validity  of  this  assumption.  However,  if  one  is 
willing  not  to  generalize  beyond  reasonable  limits  the  validity  of 
the  results  obtained  by  the  statistical  analysis,  there  is  really 
no  great  danger  of  going  far  astray  by  accepting  these  results. 
In  most  cases,  common  sense  will  tell  where  one  should  draw'  the 
limit. 

II.  PURPOSE  OF  THE  TEST 

Our  first  aim  is  to  estimate  what  Moran  calls  the  “ratio  of  im¬ 
provement”  by  W-fold  replication,  or  rather  its  square,  which  wre 
shall  call  the  “coefficient  of  improvement  by  V-fold  replication” 
and  denote  by  the  symbol  [Cl ].v.  Thus: 


M th series:  xtn  xmi  xms.  ■  x.mn 

In  general  xia  will  denote  the  «th  determination  in  the  zth  series. 

1.  Subtract  from  every  one  of  these  values  a  same  constant, 
chosen  as  a  round  number  near  a  roughly  estimated  mean  of  the 
x-values,  and  multiply  the  differences  thus  obtained  by  a  same 
factor,  say  K,  chosen  in  such  a  way  as  to  make  the  resulting  values 
small,  with  at  most  one  decimal  place.  For  example,  from  18.22, 
18.32,  18.175,  18.26,  etc.,  w'e  obtain  first:  0.02,  0.12,  -0.025, 
0.06,  etc.,  and  finally:  2,  12,  —2.5,  6,  etc.  In  this  case  K  =  100. 

Suppose  that  we  thus  obtain  the  values  y,a,  arranged  according 
tootle  same  scheme: 

1st  series :  yn  yn  yu  ■  ■  ■  yiN 
2d  series :  2/21  2/22  yu  •  ■  •  yn v 


Afth  series:  yin  yM-i  yu*.  .  -  Vmn 


variance  of  a  single  determination 
variance  of  the  average  of  N  parallel  determinations 

We  cannot  calculate  this  quantity,  since  it  contains  unknown 
parameters;  therefore  we  will  supplement  our  sample  estimate 
of  it,  w'hich  we  will  denote  by  Est  [C1]n,  by  a  lower  limit,  Lh  and 
an  upper  limit,  L-i,  such  that  wre  may  have  considerable  confidence 
that  the  interval  LiL2  includes  the  true  value  [Cl  ]v  {2,  4,  7,  8). 

It  is  evident  that  the  larger  the  variability  between  series,  the 
lower  will  be  [Cl  ]jv.  As  a  matter  of  fact,  no  amount  of  replica¬ 
tion,  how'ever  great,  within  a  series,  can  compensate  completely 
for  the  loss  of  precision  due  to  the  systematic  error  that  affects 
the  whole  series.  On  the  other  hand,  a  single  blank  will  com¬ 
pletely  eliminate  this  bias.  (Blank  is  here  taken  to  include  the 
concept  of  a  “control”  run  on  a  sample  of  known  composition; 
the  value  of  the  blank  is  then  the  difference  between  the  result 
!  obtained  and  the  true  value.)  Therefore  it  will  be  of  interest 
to  consider  twro  other  quantities:  (a)  the  coefficient  of  improve¬ 
ment  due  to  infinite  replication  (within  a  series),  denoted  by 
[C7]m;  and  ( b )  a  coefficient  of  improvement  obtained  by  run¬ 
ning  n  replicates  simultaneously  with  n'  blanks  and  subtracting 
the  average  “blank”  from  the  average  “sample”.  Let  us  repre¬ 
sent  the  latter  coefficient  of  improvement,  which  like  the  others 
is  taken  with  respect  to  the  precision  of  a  single  determination, 
by  the  symbol  [Cl  ]" 

The  best  choice  of  n  and  n',  for  a  given  total  n  +  n'  of  analyses, 
depends  on  the  ratio  of  precisions  with  which  the  blank  and  the 
sample,  respectively,  are  determined:  If  it  appears  from  the 
type  of  analysis  that  the  absolute  errors  are  of  the  same  order  of 
magnitude  for  sample  and  blank,  the  best  allocation  is  n  =  n'. 
But  if  there  is  reason  to  believe  that  the  absolute  errors  for  the 
sample  are  c  times  as  great  as  those  for  the  blank,  the  highest 
precision  is  obtained  by  taking  n/n'  =  c. 


2.  Now  compute: 

a.  The  sum,  Ti,  of  the  elements  y  in  the  zth  series  (row) ;  take 
the  square  (Ti)2  of  this  sum.  Do  this  for  all  rows  (all  i)  and  sum 

M 

all  (Ti)2,  thus  obtaining:  Z  (T’i)2- 
i  =  1 

b.  The  global  sum  of  all  y’s,  denoted  by  T  (obviously  T  = 
M 

Y,  Ti).  Take  the  square,  T2,  of  this  global  sum. 

»  =  l 

c.  The  sum  of  the  squares  yfa  of  all  individual  y-values — i.e., 
M  N 

Z  Z  S&- 

i  =  1  a  =  1 

3.  From  these  three  quantities,  ^(T;)2,  T2,  and  y  Z 

i  •  i  a 

derive  the  following : 


[??*■]  -*[?*>■] 

(1) 

h  [Sm>‘]  -  m  [rI 

(2) 

AM  -  1 

B  M 

(3) 

4.  By  entering,  for  the  proper  values  of  M  and  N,  Tables  I 
and  II,  tw'o  values,  Fa  and  F'0,  are  found,  respectively.  Com¬ 
pute: 


(4) 


A:  =  DF'0 


(5) 
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Table  1. 

Values  of  Fo“ 

N 

M  2 

3 

4 

5 

6 

7  8  9 

10 

4  28.7 

27.5 

27.0 

26.8 

26.7 

26.6  26.5  26.5 

26.4 

14.5 

14.2 

14.0 

13.9 

13.8  13.8  13.7 

13.7 

6  10.7 

9.9 

9.6 

9 . 5 

9.4 

9.3  9.3  9.3 

9.2 

8  6.8 

6.3 

6.1 

6.0 

5 . 9 

5.9  5.8  5.8 

5 . 8 

10  5.3 

4.8 

4.6 

4.6 

4 . 5 

4.5  4.5  4.4 

4.4 

12  4.4 

4.0 

3.9 

3.8 

3.8 

3.7  3.7  3.7 

3.7 

15  3.7 

3.3 

3.2 

3.2 

3.1 

3.1  3.1  3.1 

3.1 

20  3.0 

2.8 

2.7 

2.6 

2.6 

2.6  2.6  2.6 

2.6 

30  2.4 

2.2 

2  2 

2.1 

2.1 

2.1  2.1  2.1 

2.1 

a  1%  critical  point  of  F  for  M(N 

—  1)  and  M  —  1  degrees  of  freedom. 

Table 

II. 

Values  of  F'0a 

N 

M  2 

3 

4 

5 

6 

7  8 

9 

10 

4  16.7 

7.6 

6.0 

5 . 3 

4.9 

4.7  4.6 

4.5 

4.4 

5  11.4 

6.0 

4.9 

4.4 

4.2 

4.0  3.9 

3.8 

3.8 

6  8.8 

5.1 

4.3 

3.9 

3.7 

3.6  3.5 

3.4 

•3.4 

8  6.2 

4.0 

3.5 

3.3 

3.1 

3.0  3.0 

2.9 

2.9 

10  5.0 

3.5 

3.1 

2.9 

2.8 

2.7  2.7 

2.6 

2.6 

12  4.2 

3.1 

2.8 

2.6 

2.6 

2.5  2.5 

2.4 

2.4 

15  3.6 

2.7 

2.5 

2.4 

2.3 

2.3  2.3 

2.2 

2.2 

20  3.0 

2.4 

2.2 

2.1 

2.1 

2.0  2.0 

2.0 

2.0 

30  2.4 

2.0 

2.0 

1.9 

1.8 

1.8  1.8 

1.8 

1.8 

a  1  %  critical  point  of  F  for  M  —  1  and  M(N  —  1)  degrees  of  freedom. 

5.  From  Z),  A,  and  Z)2  we  now  obtain: 

a.  Est[CI]N  =  1+D  (6) 

and  the  corresponding  confidence  limit's  [if  L*  >  N,  take  L>  =  N 
(cf.  section  IV)  ] : 


L\  —  1  +  Di 

(6a) 

L2  =  1  +  d2 

(6b) 

b. 

Est  [C71  =  ^  —  ^9-  ^ 

1  N  —  (1  +  D) 

(7) 

and  the  corresponding  confidence  limits: 


K 


(N  -  1  )Lr 

N  -  Li 


(7a) 


,  (N  -  1  )L, 
N  -  Li 


(7b) 


c.  For  any  n  and  n'  one  can  also  calculate: 


Est  [Cl]:/ 


1  N  -  1  1  +  D 
R  N  D 


(8) 


IV.  INTERPRETATION  FROM  THE  RESEARCH  ANALYST’S  POINT  OF 

VIEW 

Consider  the  scheme  of  analyses  of  a  sample  as  shown  in  the 
previous  section,  but  suppose  that  the  number  of  rows  is  con¬ 
siderably  extended — i.e.,  that  a  very  great  number  of  series  of  N 
replicates  is  available.  Now  suppose  that  we  compare  the  two 
following  values: 

1.  The  mean  value  for  a  given  row  (N  simultaneous  deter¬ 
minations),  this  row  being  chosen  at  random. 

2.  The  mean  value  obtained  by  choosing  N  rows  at  random 
and  selecting  at  random  one  value  in  each  of  these  rows;  then 
taking  the  average  of  these  AT  numbers. 

Both  these  means  result  from  N  observations;  which  is  the 
better  from  the  precision  point  of  view?  It  is  easily  seen  that 
on  account  of  the  bias  which  may  affect  all  values  of  a  same  row, 
we  have  a  better  chance  of  obtaining  a  precise  mean  value  by 
taking  the  second  average  than  by  taking  the  first.  We  are 
therefore  justified  in  expecting,  for  a  same  number,  N,  of  deter¬ 
minations,  a  higher  average  precision  in  the  second  case  than  in 
the  first;  or  to  obtain  the  same  precision  by  using,  in  the  second 
case,  a  number  of  determinations  N'  smaller  than  N.  The 
coefficient  of  improvement  [CI]jv  is  precisely  this  number,  N'. 
Thus  from  the  precision  point  of  view,  the  mean  value  of  N  deter¬ 
minations  made  in  parallel — the  usual  case  in  practice — is 
equivalent  to  only  N'  (  Sj  N)  truly  random  determinations.  As 
pointed  out  previously,  [C7]v — i.e.,  N' — is  a  “population  param¬ 
eter”.  Formula  6  gives  but  an  estimate  of  this  quantity,  subject 
to  sampling  fluctuations.  H§re  the  confidence  limits,  Li  and  Z.2, 
will  prove  of  value:  the  confidence  coefficient  is  0.98,  which 
means  that  the  probability  is  0.98  that  the  interval  L,L2  covers 
the  true  value  [C1]n  (cf.  2). 

It  is  also  obvious  that  the  range  of  possible  values  for  [ C1]n  ex¬ 
tends  from  1  to  N.  If,  therefore,  as  may  well  happen,  the  in¬ 
terval  LXL2  extends  beyond  this  range,  the  outside  values  must  be 
discarded. 

Finally,  the  value  0.98  given  for  the  confidence  coefficient  must 
not  be  taken  in  too  absolute  a  sense;  indeed,  any  departure  from 
the  ideal  conditions  as  outlined  in  Section  I  will  affect  the  value  of 
this  probability. 

Similar  considerations  apply  to  [CZA  and  [Cl  ]"  ’.  Whereas 
for  [C/]„  a  finite  upper  confidence  limit  will  in  general  be  ob¬ 
tained  (unless  L2  =  N),  the  value  for  [Cl  ]"'  can,  of  course,  be¬ 
come  arbitrarily  great  for  n  and  n'  sufficiently  large.  The  reason 
for  this  is  apparent:  [Cl]"  ’  is  the  ratio  of  the  precision  (inverse  of 
the  variance)  of  a  value  corrected  for  bias  to  that  of  a  single  de¬ 
termination  subject  to  a  systematic  error;  by  increasing  n  and  n' 
the  precision  of  the  corrected  value  necessarily  approaches  the 
ideal — i.e.,  °°  — since  the  random  errors  approach  0  and  no  system¬ 
atic  error  vitiates  the  result.  The  interest  of  Formulas  7  and  8 
lies  in  the  comparison  of  their  numerical  values  for  small  values 
of  n  and  n'  (Section  VI). 


where 


V.  ROUTINE  ANALYST’S  POINT  OF  VIEW 


R  —  ~  + 

n  n  c 


V2 


(8c) 


[c  is  the  ratio  of  the  orders  of  magnitude  of  the  absolute  errors  in 
the  sample  determination  and  in  the  blank.  In  general,  c  =  1 
(cf.  Section  II)  ] 


and  the  corresponding  confidence  limits: 


Let  us  suppose  that  an  analytical  procedure  has  been  investi¬ 
gated  by  the  method  described  in  this  paper.  A  routine  analyst 
now  uses  the  same  analytical  procedure  for  N  replicate  deter¬ 
minations  on  an  unknown  sample,  and  obtains  an  average  value 
(arithmetic  mean  of  his  N  values)  which  we  will  denote  by  Z. 

The  question  confronting  him  is  to  determine  an  interval  in 
which  it  is  reasonable  to  assume  that  the  true  value  for  his 
sample  lies,  allowing  for  all  the  imperfections  which  a  study  of 
precision  has  revealed. 


1 

N  - 

1  l2 

Li 

“  R 

N 

Z>2  —  1 

(8a) 

1 

N  - 

1  Lx 

L2 

~  R 

N 

Lx  -  1 

(8b) 

Formulas  9  and  10  give,  respectively,  the  lower  limit  Zi  and  the 
upper  limit  Z2  for  such  an  interval. 


Z,  =  Z 


K 


V 


B 

N(M  -  1) 


(9) 


lay,  1946 


ANALYTICAL  EDITION 


283 


Z  + 


t(M) 


V 


B 


N(M  -  1) 


(10) 


M 

t(M )  (99%) 
t(M)  (95%) 


5.84 

3.18 


Table  III 

6  8 


4.60 

2.78 


4.03 

2.57 


Values  of  t(M)a 
10  12  15 


3.50 

2.36 


3.25 

2.26 


3.11 

2.20 


2.98 

2.14 


20 


2.86 

2.09 


30 

2.76 

2.04 


50 

2.68 

2.01 


>50 

2.58 

1.96 


a  For  use  with  Formulas  14  and  15,  replace  M  in  this  table  by  Mo,  where  Mo  is  given  by 
16a.  Interpolate  if  necessary. 


.1/ 

N 


Table  IV.  Choice  of  M  and  N 


10 

4 


12 

4 


15 

3 


20 

3 


30 


>30 

2 


z2  = 

rhere  B  is  given  by  Formula  2,  while  K  is  the 
actor  defined  in  Section  III.  For  tiM)  the  first  or 
he  second  value  found  in  Table  III  for  the  proper 
alue  of  M  is  taken,  according  as  one  wishes  a 
9%  or  a  95%  confidence  coefficient — i.e.,  ac- 
ording  as  the  probability  be  0.99  or  0.95  that  the 
nterval  ZiZ2  covers  the  true  value.  The  latter 
tatement  is  true  only  if  the  analytical  method  con- 
idered  is  not  affected  by  a  systematic  error.  If 
uch  an  error  should  be  present  and  its  value 
inown,  this  value  is  subtracted  from  both  Z,  and 
(2  in  order  to  give  a  correct  interval. 

The  application  of  Formulas  9  and  10  requires  that  the  number 
if  parallel  determinations  made  by  the  routine  analyst  be  pre- 
isely  the  number  N  of  replicates  in  each  of  the  ilf  series  of  de- 
erminations  which  were  made  the  basis  for  the  statistical  study 
if  the  analytical  method.  If  the  routine  analyst  made  a  number 
of  replicate  determinations  (Nn  X  N),  he  cannot  use  these 
ormulas;  in  this  case  a  fair  approximation  for  a  99  or  95%  con- 
idence  interval  may  be  obtained  by  applying  Formulas  11  and 
2,  provided  that  the  number  M  IN  —  1)  be  fairly  large,  say  not 
ess  than  30.  Since  this  number  is  entirely  the  choice  of  the  re- 
earch  analyst,  it  is  reasonable  to  recommend  that  in  the  appli- 
:ation  of  the  method  proposed  in  this  paper,  the  experiment  be 
arranged  so  as  to  make  M {N  —  l)>-30. 

On  the  other  hand  it  can  be  seen  from  Table  III  that  for  a 
mlue  of  M  <  5,  even  the  95%  value  of  tiM)  is  fairly  large,  with 
he  result  that  the  corresponding  confidence  interval  is  exces- 
ively  long.  In  Table  IV  are  offered  a  few  suggestions  for  the 
hoice  of  M  and  N;  evidently  a  higher  precision  is  obtained  by 
ncreasing  these  numbers.  More  advantage  is  gained  by  increas- 
ng  M  than  by  taking  N  large. 

The  formulas  referred  to  above  are : 

z;  =  Z  -  W'  (11) 


VI.  NUMERICAL  ILLUSTRATION 

In  Table  VI  the  simple  calculations  described  in  Section  III 
are  applied  to  Moran’s  data,  reproduced  in  Table  V.  Not  more 
than  15  to  20  minutes  of  simple  arithmetic,  using  an  ordinary 
slide  rule  and  perhaps  a  table  of  squares,  are  required.  Con¬ 
sidering  the  time  usually  devoted  to  the  purely  experimental 
work,  it  is  therefore  not  unreasonable  to  recommend  those  few 
calculations,  which  lead  to  a  much  more  objective  appreciation 
of  precision  than  can  be  gained  from  mere  visual  inspection  or 
even  by  graphical  methods. 

In  order  to  show  this  more  clearly,  the  method  was  also  applied 
to  another  example  found  in  the  recent  literature  (9). 

Williams  and  Haines,  in  presenting  a  new  determination  of 
sodium  in  potassium  hydroxide,  studied  the  precision  of  their 
method  under  routine  conditions  by  making  duplicate  deter- 


Table  V.  Precision  of  Determination  of  Specific  Gravity  of  CCL 
under  Routine  Conditions 


Jan. 

1 . 5850 

1.5851 

July 

1 . 5849 

1.5848 

Feb. 

1 . 5848 

1 . 5850 

Aug. 

1 . 5854 

1 . 5854 

March 

1.5846 

1.5846 

Sept. 

1 . 5852 

1 . 5853 

April 

1.5851 

1 . 5851 

Oet. 

1 . 5847 

1.5851 

May 

1 . 5853 

1.5853 

Nov. 

1 . 5850 

1.5850 

June 

1.5849 

1 . 5850 

Dec. 

1 . 5849 

1.5851 

z;  =  z  +  Vv  (12) 

vhere  V'  is  given  by: 


If,  on  the  other  hand,  the  routine  analyst  had  made  n0  blanks 
n  addition  to  his  No  sample  determinations,  and  if  Z  now  repre¬ 
sents  the  difference  between  average  ‘'sample”  and  average 
‘blank”,  then  Formulas  14  and  15  are  correct,  even  for  small 
, 'alues  of  M  (N  —  1 ) : 

z\  =  z  -  ^  vT7' 
z;  =  z  +  ^  vT7' 

vhere  V"  is  given  by: 

V"  =  (  — _ | — —  ^  - — - 

\No  ^  n0c2)  ilf  (AT  -  1) 

md 

Mo  =  1  +  M  (N  -  1) 

'If  this  value  of  Mo  is  not  found  in'  Table  III,  a  sufficient  ap¬ 
proximation  will  be  obtained  by  interpolation.) 

Here  again,  for  a  fixed  value  of  No  4-  no,  the  smallest  value  of 
V,  and  consequently  the  smallest  confidence  interval  and  highest 
[precision,  are  obtained  when  A'0  =  noc. 


(14) 

(15) 

(16) 

(16a) 


Table  VI.  Estimation  of  [C/]2,  [C/]oo,  and  [C/]£'  for  Specific  Gravity 
Determination  of  CCL 


Subtracting  1.5850  from  all  values  and  taking  K  =  10,000 


Month 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dee. 


T 

T‘ 


Vil 

0 

-2 

-4 

1 

3 

-1 
-  1 

4 
2 

-3 

0 

-1 

6 

36 


yi  2 

1 

0 

-4 

1 

3 
0 

_ 2 

4 
3 
1 
0 
1 


Ti 

1 

-2 

-8 

2 

6 

-  1 
-3 
.  8 
5 

_  2 
0 
0 


T? 

2 

yi  i 

2 

Vi  2 

2  .  2 
Vil  +  !H  2 

1 

o. 

1 

1 

4 

4 

0 

4 

64 

16 

16 

32 

4 

1 

1 

2 

36 

9 

9 

18 

1 

1 

0 

1 

9 

1 

4 

5 

64 

16 

16 

32 

2.5 

4 

9 

13 

4 

9 

I 

10 

0 

0 

0 

0 

0 

1 

1 

2 

212 

«*•  M 
ft  M 

ft10 

=  120 

M  =  12;  N  =  2;  hence  (c’f.  Tables  I  and  II):  Fa  =  4.4  and  F'a  =  4(2 
A  =  120  -  (212/2)  =  14  B  =  (212/2)  -  (36/24)  =  104.5 

Hence:  D  =  (14/104.5)  X  (11/12)  =  0.123 

Di  =  0.123/4.4  =  0.03  •  Da  =  (0.123)  X  (4.2)  =  0.52 

Thus:  FsffCJb  =  1  +  0.12  =  1.12 

Li  =  1  4-  0.03  =  1.03  La  =  1  +  0.52  =  1.52 


Est  [CJ]  oo  = 


1  +  0.123 


=  1.27 


2  -  (1  +  0.123) 

L[  =  1.03/ (2  -  1.03)  =  1.06  L'2  =  1. 52/(2  -  1.52)  =  3.16 

Assuming  c  =  1,  we  further  obtain: 

1  1  1.123 


=  5 


Est  fC7](  2  2  0.123 

1  1  1.52 


2  2  0.52 


=  0.73 


L,  = 


=  2.28 

1  1  L03 

2  2  0.03 


8.6 


and  likewsise: 

Est  [CZ]j  =  4.56  with  the  confidence  limits  1.46  and  17.3. 
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urinations  every  month  over  a  period  of  20  months.  The  ap¬ 
plication  of  the  author’s  formulas  to  these  data  (omitting  the 
second  of  the  three  determinations  made  in  January,  1942)  gives: 
M  =  20:  N  =  2;  for  K  =  1000,  we  find  B  =  613.25;  D  = 
0.786;  A  =  0.26:  A  =  2.32.  Hence:  Est[CI)i  =  1.79;  A  = 
1.26;  L,  =  3.32. 

Since  of  necessity  L2  ^  2  (cf.  Section  IV),  we  take  Li  =  2. 

We  further  find:  Est[CI]a>  —  8.5;  L[  =  1.70  and  L'2  —  °°  ; 
and — assuming  that  a  blank  is  made  with  the  same  (absolute) 
precision  as  a  “sample” — -Est[CI]\  =  0.57;  L"  =  0.50  and  Li  = 

1.21. 

A  rather  striking  difference  appears  when  these  values  are 
compared  with  the  results  of  Table  VI:  there  little  advantage 
was  gained  by  infinite  replication  (a  result  consistent  with  the 
low  \CI}i),  while  only  two  blanks  run  in  parallel  with  duplicate 
determinations  resulted  in  a  very  definite  improvement  in  preci¬ 
sion.  (Obviously,  infinite  replication  is  a  purely  theoretical 
concept.  From  a  practical  point  of  view  it  is  to  be  considered 
as  the  best  that  can  be  obtained  by  running  a  very  great  number 
of  replicates  under  nearly  constant  conditions.)  In  the  case  of 
the  sodium  determination,  on  the  contrary,  [<7/]2  is  rather  high: 
replication  therefore  improves  the  precision  considerably.  The 
running  of  a  blank  in  the  latter  case  is  justified  only  inasmuch  as 
it  improves  the  accuracy  of  the  method — i.e.,  inasmuch  as  it  elimi¬ 
nates  a  constant  systematic  error  inherent  in  the  method — but 
in  contradistinction  to  the  case  exemplified  in  Table  VI,  a  blank 
made  once  for  all  is  then  perfectly  satisfactory. 


VII.  UNDERLYING  THEORY 

Referring  to  the  scheme  of  x-values  in  Section  III,  we  find  for 
the  estimate  of  the  variance  a2  “within”  rows  (4,  5,  6) : 

M  N 

£  £  (*i“  -  xd2/M{N  -  1) 

;=i o=i 

where  Xi  is  the  mean  of  the  ith  row.  The  variability  of  xt  itself 
is  composed  of  two  parts:  the  variance  a'2  of  the  “true”  means  of 
rows  and,  in  addition,  the  variability  resulting  from  its  being  a 
sample  mean  of  N  values  of  variance  a- — i.e.,  <r2/N.  Thus  the 
M 

expression  £(x,-  —  x)2/(M  —  1),  in  which  x  is  the  grand  average 
i=\ 

of  the  x-values,  is  an  estimate  for  a'2  +  <r2/N. 

From  Formulas  1  and  2  it  can  easily  be  seen  that’  the  two 

statistics  just  mentioned  are  equal,  respectively,  to  (#=)/ 

M(N  —  1)  and  j  (M  ~  1).  These  two  estimates  being 

statistically  independent  ( 2 ,  4,  8),  the  ratio 


rA/K2M.(N  -  in  /  [B/NK2{M  -  1) 

L  v2  J/  L  <r'2  +  <r2/N 


] 


Solving  18  for  <p2,  we  obtain: 


,  _  1  ~  [CI]x/N 

*  [C/].v.  -  1 

Hence: 


2  4.  I  -  N  -  1  1 

V  ^  IV  N  [Cl  ].y  -  1 

Substitution  of  21  in  17  yields: 


(21) 


F  = 


D 

[Cl  ].v  -  1 


(22) 


Now  F0  is  the  1%  tabular  value  of  the  F-statistic  (4,  5,  6)  for 
M(N  —  1)  and  (M  —  1)  degrees  of  freedom,  while  F'0  is  the  1% 
tabular  value  for  ( M  —  1)  and  M (N  —  1)  degrees  of  freedom. 
Therefore  lower  and  upper  limits  for  [C7].v,  for  a  98%  confidence 
coefficient  (2,  4,  8 ),  are  obtained  by  solving  for  Li  and  Li  the 
equations 


F„ 


D 


Li  —  1 


which  yield  immediately  Formulas  6a  and  6b,  by  means  of  4  and 
5. 

A  point-estimate  ( 1 ,  J,  7,  8)  for  [C7].v  is  obtained  by  making 
F  =  1  in  Formula  22;  hence  6. 

The  groups  of  Formulas  7  and  8  are  similarly  obtained  by  solv¬ 
ing,  respectively,  Equations  19  and  20  for  <p 2  and  substituting  in 
17. 

The  formulas  of  Section  V  are  immediate  applications  of  “Stu¬ 
dent’s  t  distribution”  ( 1 ,  2,  4,  8):  tfa)  is  the  tabular  value  for 
M  —  1  degrees  of  freedom  on  either  the  1%  or  the  5%  level  of 
significance  (2,  4,  6,  8).  In  Formulas  9  and  10  the  estimate  of 

<r2 

the  variance  is  B/K2N(M  —  1),  corresponding  to  <r'2  + 

2 

Formula  13  provides  an  estimate  of  the  variance  u'2  +  but 

assumes  that  a2  is  exactly  equal  to  A /K2M  (N  —  1).  [It  is  for  this 
reason  that  we  assumed,  in  this  case,  the  number  of  degrees  of 
freedom  M(AT  —  1)  sufficiently  great.]  Formula  13  then  easily 

follows  from  the  identity  a'2  +  ~  =  (^a’2  +  + 

a2  remembering  that  the  estimate  of  <r'2  +  ~  is 

B/K2N{M  —  1)  and  introducing  3. 

Finally,  Formulas  14  and  15  necessitate  the  variance  of  x,v0  — 
bna  (x.v0  is  the  average  of  No  determinations  of  x,  while  b„0  is  the 

average  of  no  “blanks”),  which  is  a2  ( +  — ;  ) ,  the  esti- 

\N  o  noc2/’ 

mate  of  which  is  V",  as  given  by  16.  Here  the  number  of  degrees 
of  freedom  is  M(N  —  1);  thus  Mo  —  1  =  M(N  —  1);  hence  16a 
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has  the  F  distribution  (2,  4,  5,  6)  with  M(N  —  1)  and  (M  —  1)  de¬ 
grees  of  freedom.  [An  exact  formulation  of  the  theorem  involved 
in  this  statement  will  be  found  in  Example  1,  on  page  115,  of 
(5).]  Hence: 


a'2  ,  1  \  A  N(M  -  1) 
M(N  -  1) 


\<r2  ^  N)  Bl 


=  F 


r'2 


Let— j  =  v2;  using  Formula  3  we  obtain: 


F  -  (*’  +  v) 

Now,  by  definition 

[C7].y  = 


D 


N 


N  -  1 


a'2  +  <j2 


c'2  +  <r2/N 


lC/]« 


cr'2  +  o-2 


<r'2  + 


y2  +  1 

2  JL  1 

V+N 


=  1 


(17) 


(18) 


(19) 


[ciyy  = 


I  1  J_  (^2  +  1}  =  g  ^  +  1}  (20) 
n  n'c2 
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Determining  Rates  of  Deoxidation  of  Iron  Oxide  Materials 

in  Reducing  Gases 

Loss-in-  Weight  Method 

E.  P.  BARRETT  AND  C.  E.  WOOD,  Bureau  of  Mines,  Minneapolis,  Minn. 


In  determining  the  rates  of  deoxidation  of  iron  oxide  materials  in 
reducing  gases,  iron  oxide  material  is  heated  in  an  alloy  container 
suspended  from  a  balance,  and  reducing  gas  at  a  controlled  rate  of 
flow  is  passed  through  the  heated  material.  The  loss  in  weight 
(oxygen)  is  recorded  at  intervals  until  almost  constant  weight  is  ob¬ 
tained.  Method  is  simple,  accurate,  and  rapid. 

THE  successful  use  of  fluidized  solid  catalysts  for  increasing 
reaction  rates  in  some  industrial  processes  led  to  the  belief 
that  this  principle  could  be  used  advantageously  in  the  deoxida¬ 
tion  of  fine  iron  ores.  Fluidization  used  in  this  sense  means  sus¬ 
pension  of  the  finely  ground  ore  in  a  gas  stream  of  suitable  velocity 
to  cause  the  mixture  to  behave  more  or  less  like  a  true  fluid. 
The  apparatus  described  in  this  report  was  designed  and  built  for 
studying  various  factors  governing  the  deoxidation  of  iron  ores 
fluidized  in  hydrogen  at  575°  to  600°  C.  The  results  were  so 
satisfactory  that  the  apparatus  was  modified  slightly  for  use  in 
determining  the  relative  rates  of  deoxidation  of  iron  oxide  ma¬ 
terials  by  direct  weighing  at  any  time  interval. 


LOSS-IN-WEIGHT  APPARATUS 

The  apparatus  consists  of  a  reaction  tube  of  Pyrex  or  heat- 
resisting  alloy  1.7  inches  in  diameter  by  12  inches  long,  with  the 
lower  end  closed.  Hydrogen  is  introduced  through  a  heat- 
resisting  alloy  tube  and  distributor  extending  to  the  bottom  of 
the  reaction  tube.  A  2-inch  layer  of  —10-  +  14-mesh  mullite 
grog  placed  above  the  metal  distributor  serves  as  a  heater  for  the 
hydrogen  and  as  an  additional  distributor  for  the  hot  hydrogen. 

The  reaction  tube  is  supported  in  a  stainless  steel  basket 
fastened  to  a  disk  on  the  hydrogen  inlet  tube.  An  alloy  rod  serves 
as  a  suspension  link  between  the  hydrogen  inlet  tube  and  a  stirrup 
over  one  pan  of  a  torsion  balance.  Unused  hydrogen  and  water 
vapor  from  the  reaction  pass  directly  into  the  furnace  atmos¬ 
phere.  A  plate-type  water  cooler  between  the  balance  and  the 
heater  prevents  the  balance  from  becoming  hot.  A  schematic 
drawing  of  the  apparatus  is  shown  in  Figure  1  and  details  are 
shown  in  Figure  2.  • 

The  maximum  temperature  at  which  a  Pyrex  reaction  tube  can 
be  used  is  700°  C. ;  at  higher  temperatures  it  is  necessary  to  use  a 
stainless  steel  retort.  Other  parts  of  the  apparatus  are  un¬ 
changed.  The  rate  of  deoxidation  of  iron  oxide  material  not 
larger  than  0.525  inch  may  be  determined  at  temperatures  not 


exceeding  1000°  C.  A  larger  unit,  embodying  the  same  prin¬ 
ciples,  has  been  constructed  for  determining  the  rates  of  deoxida¬ 
tion  of  larger  sizes  of  ore  in  water  gas. 


PREPARATION  OF  SAMPLE  FOR  DEOXIDATION 

Results  of  numerous  tests  have  shown  that  the  following  pro¬ 
cedure  is  suitable  for  preparing  samples  of  iron  ores : 

A  100-pound  sample  of  ore  is  screened  on  0.52o-inch.  The 
oversize  material  is  crushed  to  pass  0.525-inch  and  is  added  to  the 
original  undersize  product.  The  combined  —0.525-inch  product 
is  wet-screened  on  20-mesh;  the  +20-mesh  material  is  dried  at 
105°  C.  and  separated  into  four  sizes  as  follows:  —0.525-inch 
+ 3-mesh;  -3-  +6-mesh;  -6-  +  10-mesh;  and  -10-  +20- 
mesh.  A  227-gram  (0.5-pound)  composite  is  made  of  the  four 
sizes  and  used  for  the  deoxidation  test.  A  duplicate  composite 
is  ground  to  -100-mesh  for  chemical  analysis. 


TEST  PROCEDURE 


The  retort  assembly  containing  the  oxide  sample  is  suspended 
from  the  balance,  and  the  insulating  brick  top  of  the  heater  is 
replaced.  The  cover  is  removed  from  the  pot  furnace,  and  the 
gas  burner  is  started.  When  the  lining  is  red-hot  the  cover  is 

replaced,  forcing  the  hot 
products  of  combustion  in¬ 
to  the  heater  surrounding 
the  retort.  Nitrogen  is 
passed  through  the  retort 
to  facilitate  heating  the  ore 
charge,  to  sweep  out  any 
volatile  components  in  the 
ore,  and  to  provide  an  inert 
atmosphere.  When  the  de¬ 
sired  temperature  is  at¬ 
tained  in  the  charge  and 
the  weight  of  the  charge  is 
constant,  the  nitrogen  flow 
is  stopped  and  the  hydrogen 
flow  is  started.  A  good  de- 
oxidation  rate  is  obtained 
>1  n  with  a  hydrogen  flow  of 
about  0.25  cubic  feet  a 
minute.  The  loss  in  weight 
is  recorded  at  regular  in¬ 
tervals,  usually  every  5 
minutes,  until  constant 
weight  is  attained  or  the 
deoxidation  has  proceeded 
as  far  as  desired.  After  the 
gas  burner  has  been  shut 
off,  the  hydrogen  flow  is 
continued  until  the  retort 
has  reached  room  tempera¬ 
ture.  Cooling  may  be  ex¬ 
pedited  by  removing  the 
retort  from  the  furnace. 
When  cool,  the  product  is 
removed  from  the  retort. 

The  deoxidation  is  computed  for  each  period  by  dividing  the 
weight  of  oxygen  lost  during  that  period  by  the  total  available 
oxygen  in  the  charge.  Available  oxygen  in  the  charge  is  com¬ 
puted  from  the  iron  and  manganese  assays  of  the  composite. 
The  total  loss  of  oxygen  at  constant  weight  will  agree  closely  with 
the  computed  available  oxygen  if  the  test  has  been  made  prop¬ 
erly.  The  loss  in  weight  of  the  charge  in  nitrogen  represents  the 
ignition  loss  at  the  temperature  of  the  test. 


Figure  2.  Parts  of  Loss-in- 
Weight  Apparatus 

a.  Reaction  tube 

b.  Stainless  steel  basket 

c.  Hydrogen  inlet  and  connection  to 

balance 

</.  Thermocouple 
e.  Heat  deflector 


COMPARISON  WITH  OTHER  METHODS 

The  laboratory  method  commonly  used  by  the  Bureau  of  Mines 
at  its  Minneapolis  station  for  determining  the  rate  of  deoxidation 


285 


286 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  18,  No.  5 


Table  I.  Log  of  a  Typical  Deoxidation  Test 


Weight  of  ore 
Size  of  ore 
Temperature  of  test 
Rate  of  hydrogen  flow 
Available  oxygen  in  sample 


Time 

Temperature 

Pressure 

after 

In 

Drop 

Start 

In 

ore 

through 

of  Ho 

heater 

bed 

Ore  Bed 

Min. 

°  c. 

°  c. 

Cm.  water 

25 

25 

0.0 

890 

868 

3.3 

916 

890 

3.3 

0 

916 

904 

3.4 

10 

912 

852 

5.8 

15 

912 

855 

5 . 6 

20 

920 

880 

o .  o 

25 

920 

892 

5.4 

30 

920 

894 

5.3 

35 

920 

894 

5.3 

40 

916 

890 

5 . 2 

45 

912 

890 

5.1 

50 

914 

890 

5.1 

DO 

916 

890 

5.1 

60 

918 

892 

5.1 

227  grams 

—  0.525-inch  -f- 20-mesh 
900°  C. 

0.23  cu.  ft.  per  minute 
59.0  grams 


Gross 

Deoxidation 

Hvdrogen. 

Weight 

Cumulative 

Utilization 

%/time 

Grams 

% 

interval 

1,519.3 

0.0 

0.0 

1 ,515 . 4 

0.0 

0.0 

1.515.4 

0.0 

0.0 

1,515 . 4 

0.0 

0.0 

1,488.0 

46.4 

63.9 

1,480.0 

60.0 

37.3 

1,473.0 

71.8 

32.6 

1,467.2 

81.7 

27.0 

1,463.2 

88.4 

18.6 

1,460.3 

93.4 

13.5 

1,458.6 

96.2 

7.9 

1,457.2 

96.9 

2.8 

1,456 . 5 

98.1 

2.3 

1,456.3 

98.4 

0.93 

1,456.2 

98.6 

0.47 

Over-all  H2  utilization 

22.6 

After  comparing  the  porosity  of  a  group  of  iron  ores  with  their 
respective  reducibility,  the  data  (1)  obtained  by  the  Bureau  of 
Mines  indicated  that  the  porosity  of  an  ore  could  be  used  as  an 
index  of  its  relative  reducibility  and  of  the  size  to  which  it  should 
be  crushed  for  the  most  efficient  use  in  the  blast  furnace. 

The  loss-in-weight  method  has  the  following  advantages: 

The  larger  weight  of  material  used  permits  more  accurate 
sampling. 

The  larger  weight  of  oxygen  removed  minimizes  errors  in  ab¬ 
sorbing  and  weighing  small  quantities. 

Absorption  of  products  of  reaction  is  eliminated. 

Errors  due  to  part  of  the  water  being  condensed  in  the  reaction 
tube  and  not  absorbed  during  the  period  in  which  it  is  formed 
are  avoided. 

Only  one  test  is  necessary  to  determine  the  course  of  deoxida¬ 
tion  over  its  entire  range. 

Sampling  and  analyzing  the  deoxidized  products  are  eliminated. 

Rates  of  deoxidation  in  hydrogen,  in  carbon  monoxide,  or  in 
mixtures  of  hydrogen  and  carbon  monoxide  may  be  determined. 

Utilization  of  the  reducing  gas  may  be  determined  for  each 
time  interval  from  the  beginning  to  thcqend  of  the  test  and  at  any 
degree  of  deoxidation. 

The  method  is  simple,  rapid,  and  accurate. 


of  iron  oxide  materials  has  been  to  heat  1  to  20  grams  of  the  oxide 
in  a  tube  furnace  while  hydrogen  was  passed  over  the  heated  ma¬ 
terial.  Water  formed  by  the  reaction  was  absorbed  and  weighed 
at  regular  intervals.  The  apparatus  and  procedure  for  determin¬ 
ing  rates  of  deoxidation  are  describe’d  in  a  technical  press  article 
(*)• 
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Estimation  of  Naphthalene  in  Absorbing  Oil 

P.  E.  RE1CHARDT  AND  D.  L.  WHITE,  Washington  Gas  Light  Company,  Washington,  D.  C. 


IX  CONNECTION  with  a  project  at  this  laboratory  involving 
pilot-plant  studies  of  a  process  for  stripping  naphthalene  from 
spent  scrubbing  oil,  a  rapid  method  for  the  estimation  of  naph¬ 
thalene  in  oil  was  needed. 

The  method  in  general  usage  in  the  manufactured  gas  industry 
employs  volatilization  of  the  naphthalene  by  means  of  a  stream 
of  hot  air,  and  subsequent  precipitation  of  the  naphthalene  in  a 
solution  of  picric  acid  (2).  This  procedure  requires  from  15  to 
20  hours  to  perform  and  is  cumbersome  to  control.  Another 
method  requires  the  distillation  of  the  spent  oil,  and  isolation  of 
the  fraction  boiling  between  195°  and  250°  C.  This  fraction  is 
then  chilled  and  the  solid  naphthalene  is  filtered  and  weighed  (5). 
This  procedure  is  also  rather  lengthy  and  affords  considerable 
opportunity  for  inaccuracies.  Bliss  (4)  reports  a  control  test 
involving  the  refractive  index  of  the  oil.  This  method,  developed 
from  the  work  in  oil  evaluation  by  Kugel  and  Bliss  ( 5 ),  would 
have  required  considerable  background  study  which  at  the  time 
was  not  possible.  The  method  of  White  ( 6 ),  which  involves 
bromination  of  the  oil,  solution  of  the  brominated  oil  in  acetone, 
and  subsequent  precipitation  of  naphthalene  as  the  picrate,  was 
not  considered  satisfactory  for  the  purpose,  since  it  involves  con¬ 
siderable  manipulation  throughout  the  analysis. 

Preliminary  attempts  were  made  to  effect  a  separation  of  naph¬ 
thalene  from  the  oil  by  solvent  extraction.  Tests  made  by  ex¬ 
traction  with  acetic  acid  and  by  shaking  the  spent  oil  with  satu¬ 
rated  picric  acid  were  unsuccessful.  It  was  therefore  decided  to 
concentrate  on  a  modification  of  the  volatilization  procedure  de¬ 
scribed  above,  which  would  effect  the  separation  of  naphthalene 
from  a  reasonably  sized  sample  of  oil  in  as  short  a  time  as  possible 
and  with  a  minimum  of  analytical  manipulation. 

REAGENTS 

Sodium  hydroxide,  0.1  N. 

Methyl  red  indicator,  0.1%  in  ethanol. 


Standard  Picric  Acid.  Forty  to  50  grams  of  the  analytical 
reagent  are  added  to  approximately  2  liters  of  distilled  water  and 
the  mixture  is  heated  to  150°  F.  The  mixture  is  then  cooled  to 
61°  to  66°  F.  and  is  filtered.  The  filtrate  is  diluted  with  distilled 
water  until  a  100-ml.  portion  is  equivalent  to  48  to  50  ml.  of  0.1  N 
sodium  hydroxide. 

Naphthalene-free  absorbing  oil. 

APPARATUS 

Figure  1  is  a  line  drawing  of  the  apparatus  finally  evolved  for 
the  test.  The  apparatus  consists  essentially  of  a  partly  packe'd 
glass  stripping  tower  jacketed  for  circulating  hot  water,  a  con¬ 
stant-temperature  system  for  natural  circulation  of  water,  a 
sample  container,  and  a  four-bottle  absorption  train.  The 
sample  tube,  A,  may  be  disconnected  from  the  apparatus  and  the 
oil  sample  weighed  directly  therein.  The  stripping  tower,  B, 
is  partly  packed  with  6-mm.  glass  beads.  The  column  of  packing 
is  18  cm.  high  and  is  supported  by  projections  in  the  base  of  the 
tube.  The  bulb  at  the  top  of  B  is  designed  to  lower  the  velocity 
of  the  exit  gases  and  reduce  oil  entrainment.  It  also  serves  to 
reduce  the  exit,  air  temperature  to  approximately  room  tempera¬ 
ture.  The  proper  tube  temperature  is  maintained  by  the  circu¬ 
lation  of  hot  water.  The  heating  spiral,  C,  is  B.  &  S.  No.  22 
C’hromel  wire  and  is  connected  in  series  with  a  resistor  (not  shown 
in  Figure  1)  and  a  bimetallic  thermoregulator,  D,  rated  at  10 
amperes  at  115  volts  alternating  current.  Under  the  test  condi¬ 
tions,  the  temperature  of  the  circulating  water  may  be  maintained 
within  ±5°  F.  of  that  required,  without  using  forced  circulation. 
The  stopcock,  G,  is  used  as  a  drain  for  the  circulating  system. 

Dry  air  is  supplied  through  a  constant-pressure  regulator  (a 
mercury-column  type  regulator  not  shown  in  Figure  1)  and  a  U- 
tube  flowmeter,  E,  to  A.  The  oil  contained  in  tube  A  is  thus 
forced  up  into  the  stripping  tower,  and  the  air  and  naphthalene 
vapors  pass  out  of  the  tower  into  the  absorption  bottles,  F,  each 
containing  100  ml.  of  standard  picric  acid  solution.  With  the 
exception  of  the  water-jacket  connections,  best  quality  corks 
are  used  throughout  the  apparatus. 

PROCEDURE 

The  sample  of  oil,  containing  not  more  than  170  mg.  of  naph¬ 
thalene,  is  weighed  directly  into  the  sample  tube,  and  naphtha- 
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lene-free  oil  is  added,  if  necessary,  to  bring  the  total  volume  to 
10  =*=  1  ml.  The  sample  tube  is  then  connected  to  the  base  of  the 
stripping  tower  and  the  temperature  of  the  circulating  water  is 
adjusted  to  185°  F.  Into  each  of  the  four  absorption  bottles 
are  pipetted  100  ml.  of  standard  picric  acid  solution.  The  bottles 
are  then  connected  in  series  at  the  outlet  of  the  stripping  tower, 
care  being  taken  to  make  'all  connections  glass  to  glass,  since 
naphthalene  is  appreciably  absorbed  by  rubber  tubing.  Dry  air 
is  then  passed  through  the  stripping  tower  at  a  rate  of  3  cubic 
feet  per  hour.  At  the  end  of  one  hour  the  air  rate  is  increased  to 
4  cubic  feet  per  hour  and  is  thus  maintained  for  2  hours.  At 
these  rates  of  air  flow,  the  oil  sample  is  entirely  supported  in  the 
stripping  tower. 

The  naphthalene  is  volatilized  by  the  warm  air  and  reacts  with 
the  picric  acid  to  form  a  precipitate  of  naphthalene  picrate,  thus 
reducing,  the  titer  of  the  picric  acid.  The  absorbing  solution 
should  be  maintained  between  65  °  and  80 0  F.  during  the  analysis. 
When  the  3-hour  stripping  period  is  completed,  the  contents  of  the 
four  absorption  bottles,  including  the  precipitate,  are  quantita¬ 
tively  transferred  to  a  500-ml.  volumetric  flask  and  made  up  to 
the  mark.  Only  100  ml.  of  distilled  water  are  used  for  washing 
in  order  to  reduce  the  solubility  of  naphthalene  picrate  to  a  mini¬ 
mum.  It  is  advisable  to  use  a  wide-necked  volumetric  flask  and 
a  powder  funnel  for  the  transfer,  since  the  precipitate  of  naphtha¬ 
lene  picrate  may  be  agglomerated  because  of  slight  oil  carry-over. 
The  contents  of  the  volumetric  flask  are  well  mixed  and  filtered 
through  paper  into  a  clean,  dry  flask.  The  first  100  ml.  of  filtrate 
are  rejected  and  of  the  remaining  filtrate,  100  ml.  are  titrated  with 
0.1  X  sodium  hydroxide  using  methyl  red  as  indicator.  This 
titer  is  'then  corrected  to  the  basis  of  original  undiluted  picric 
acid.  The  difference  in  titer  of  the  400  ml.  of  picric  acid  before 
and  after  naphthalene  absorption  is  converted  to  per  cent  by 
weight  of  naphthalene  in  the  original  oil  sample.  This  is  essen¬ 
tially  the  method  of  Sperr  and  Powell  ( 1 ). 


Table  1. 

Estimation  of  Naphthalene 

Time  of 

Tem- 

Total 

Naphthalene 

Stripping 

perature 

Air 

Actual 

Test 

Hours 

o  p 

Cu.  feet 

%  by  weight 

3.0 

185 

11 

2.00 

2.0 

3.0 

185 

n 

2.00 

2.0 

3.0 

185 

ii 

2.00 

2.0 

3.0 

185 

ii 

1.48 

1.4 

3.0 

185 

ii 

1.32 

1.3 

3.0 

185 

11 

1.32 

1.2 

3.0 

188 

ii 

1.01 

1.0 

2.5 

188 

9 

1.01 

1.0 

2.5 

185 

9 

1.01 

1 .  1 

2.5 

185 

9 

1.01 

1.0 

2.5 

185 

9 

.0. 50 

0.4 

2 . 5 

185 

9 

0.50 

0.4 

made  during  the  investigation.  As  may  be  expected,  the  accu¬ 
racy  decreases  with  decreasing  naphthalene  concentrations,  largely 
because  of  the  smaller  differences  in  titer  at  the  lower  naphthalene 
concentrations. 

Several  of  the  tests  included  in  Table  I  were  run  in  2.5  hours. 
When  the  naphthalene  content  is  on  the  order  of  1%  or  less,  the 
runs  may  safely  be  made  in  this  time.  It  is  not  recommended 
that  the  time  be  further  reduced,  since  experience  with  running- 
times  of  2  hours  or  less  has  produced  low  results.  However, 
when  analyzing  oils  containing  in  excess  of  2%  naphthalene 
(when  the  sample  for  analysis  must  be  diluted  with  naphthalene- 
free  oil),  it  is  best  to  take  the  full  170  mg.  of  naphthalene  for 
analysis.  This  allows  a  relatively  high  titer  difference  and  gives 
greater  accuracy. 


TEST  OF  ACCURACY 


DISCUSSION 


The  method  was  checked  using  samples  of  oil  containing  known 
amounts  of  pure  naphthalene.  The  oil  used  in  making  up  the 
samples  for  the  tests  listed  in  Table  I  was  Essodiesel  210,  marketed 
by  the  Standard  Oil  Company  of  New  Jersey. 

The  tests  listed  in  Table  I  are  selected  from  fifty  or  more  tests 
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Figure  1.  Diagram  of  Apparatus 
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The  matter  of  determining  the  optimum  temperature  at  which 
to  conduct  the  stripping  procedure  was  of  considerable  impor¬ 
tance.  The  amount  of  naphthalene  removed  from  an  oil  in  a 
given  time  varies  with  the  stripping  temperature  and  the  volume 
of  air  used.  Under  the  test  conditions,  the  air  rate  is  limited 
by  the  time  of  contact  required  for  complete  absorption  of  the 
naphthalene  in  the  picric  acid.  It  was  found  that  4  cubic  feet 
per  hour  was  the  highest  air  rate  which  could  be  considered.  A 
number  of  tests  were  made  to  determine  the  proper  stripping- 
temperature ;  temperatures  in  excess  of  200°  F.  produced  erratic 
results.  This  was  largely  due  to  the  type  of  oil  under  test.  At 
the  higher  temperatures  a  considerable  portion  of  the  oil  was  dis¬ 
tilled  over  with  the  naphthalene,  causing  difficulty  in  carrying 
through  the  volumetric  procedure.  A  distillation  test  of  Esso¬ 
diesel  210  is  given  in  Table  II. 


Table  II.  Distillation,  A.S.T.M. 

Essodiesel  210 


°  F. 

Initial  boiling  point 

419 

5%  recovered  at 

10% 

468 

50% 

548 

90% 

640 

Maximum  temperature 

675 

Distillation  recover}-,  % 

98 

Preliminary  tests  were  conducted  with  other  oils  used  as  naph¬ 
thalene'  absorbents.  These  oils  distill  at  temperatures  higher 
than  Essodiesel  210  and  in  a  narrower  temperature  range.  Sam¬ 
ples  containing  known  amounts  of  naphthalene  were  prepared 
from  these  oils  and  check  determinations  were  made  on  the  ap¬ 
paratus.  The  results  were  generally  satisfactory,  although  in 
several  instances  consistently  low  values  were  obtained.  This 
led  to  the  conclusion  that,  in  the  case  of  some  oils,  a  definite  per¬ 
centage  of  naphthalene  is  retained  in  the  oil  and  may  not  easily 
be  removed  by  air  volatilization.  Therefore,  when  working  with 
oils  other  than  Essodiesel  210,  initial  runs  should  be  made  using 
samples  containing  known  amoimts  of  naphthalene  in  order  to 
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determine  the  extent  of  recovery  possible  with  air  volatilization 
in  the  recommended  time. 

ACKNOWLEDGMENT 

The  authors  wish  to  thank  Ruth  Yotaw,  formerly  of  this  labo¬ 
ratory,  for  her  assistance  in  the  analytical  work.  They  also  ex¬ 
press  appreciation  to  R.  Fram  for  preparation  of  the  drawing, 
and  to  T.  L.  Robey  and  J.  E.  Brewer  for  helpful  suggestions  dur¬ 
ing  the  course  of  the  investigation.  The  cooperation  of  the  labo¬ 
ratories  of  the  Consolidated  Gas,  Electric  Light  and  Power  Com¬ 
pany  of  Baltimore,  the  Eastern  Gas  and  Fuel  Associates,  the 
Philadelphia  Electric  Company,  and  the  Rochester  Gas  and  Elec¬ 


tric  Corporation  in  supplying  oil  samples  is  gratefully  acknowl¬ 
edged. 

LITERATURE  CITED 

(1)  Altieri,  V.  J.,  ‘‘Gas  Analysis  and  Testing  of  Gaseous  Materials", 

pp.  405-6,  New  York,  American  Gas  Association,  1945. 

(2)  Altieri,  V.  J.,  “Gas  Chemists’  Book  of  Standards  for  Light  Oils 

and  Light  Oil  Products”,  pp.  232-4,  New  York,  American 
Gas  Association,  1943. 

(3)  Ibid..,  p.  235. 

(4)  Bliss,  E.  M.,  private  communication. 

(5)  Kugel,  W.  F.,  and  Bliss,  E.  M.,  Production  and  Chemical  Con¬ 

ference,  American  Gas  Association,  May,  1940. 

(6)  Standardization  of  Tar  Products  Tests  Committee,  “Standard 

Methods  for  Testing  Tar  and  Its  Products”,  1st  ed.,  London, 
1929. 


Determination  of  Vitamin  A  in  Liver 

WILLIS  D.  GALLUP  AND  J.  A.  HOEFER,  Oklahoma  Agricultural  Experiment  Station,  Stillwater,  Okla, 


A  rapid  procedure  is  described  for  the  colorimetric  determination  of 
vitamin  A  in  liver.  Vitamin  A  is  quantitatively  recovered  from 
saponified  1-gram  samples  of  liver  by  a  single  extraction  with  pe¬ 
troleum  ether.  Negligible  amounts  of  interfering  substances  permit 
direct  evaporation  of  the  petroleum  ether  and  treatment  of  the  residue 
in  chloroform  with  antimony  trichloride.  Errors  due  to  soap  forma¬ 
tion,  reagent  impurities,  and  light  are  briefly  discussed. 

THE  vitamin  A  content  of  a  number  of  materials  can  be  ac¬ 
curately  determined  by  modified  colorimetric  methods  (4,  8, 
9)  based  on  the  reaction  of  vitamin  A  with  antimony  trichloride 
in  chloroform.  Procedures  for  the  extraction  of  vitamin  A  and 
removal  of  interfering  substances  previous  to  color  development 
vary  with  different  materials  ( 1 ,  2,  3,  7)  and  for  the  most  part 
require  considerable  time  and  careful  manipulations.  Simpli¬ 
fication  of  these  procedures  without  sacrifice  of  accuracy  in  rou¬ 
tine  testing  is  desirable,  and  may  be  accomplished  in  the  analysis 
,of  some  materials  that  are  relatively  high  in  vitamin  A  and  low 
in  fat.  A  simplified  procedure  similar  to  that  developed  for 
blood  (7)  but  with  the  additional  step  of  saponification  (6)  has 
been  applied  to  liver  after  first  making  a  study  of  the  sources  of 
error  involved.  Among  the  errors  observed  are  some  that  have 
received  slight  mention  in  vitamin  A  methods  and  others  that 
have  been  the  subject  of  controversial  discussion. 

REAGENTS 

Potassium  hydroxide  in  aldehyde-free  alcohol,  5%  solution. 
The  aldehyde-free  alcohol  is  prepared  from  95%  ethyl  alcohol 
according  to  the  procedure  described  by  Woodman  (11). 

Petroleum  ether,  boiling  point  40°  to  60°  C.  Redistilled 
Skefiysolve  F  is  satisfactory. 

Chloroform  of  reagent  grade  which  meets  A.C.S.  specifica¬ 
tions.  If  of  doubtful  quality  the  chloroform  should  be  specially 
treated  (8,  9). 

Antimony  trichloride  reagent,  prepared  by  rapidly  weighing 
about  100  grams  of  the  c.p.  salt  from  a  freshly  opened  bottle 
and  dissolving  it  in  sufficient  chloroform  to  make  a  25%  solution. 
The  clear  solution  should  be  kept  in  the  dark  in  a  glass-stoppered 
bottle. 

Acetic  anhydride,  c.p. 

PROCEDURE 

An  Evelyn  photoelectric  colorimeter  with  a  620-millimicron 
filter  was  used  in  this  work.  The  advantages  of  this  type  of  in¬ 
strument  have  been  discussed  by  Oser  and  associates  (9,  10). 
The  instrument  was  calibrated  with  a  chloroform  solution  of 
vitamin  A  esters  (Distillation  Products,  Inc.,  Rochester,  N.  Y.) 
(9).  The  same  vitamin  A  preparation  dissolved  in  suitable 
solvents  was  used  to  perform  recovery  experiments.  The  follow¬ 
ing  procedure  was  employed  for  the  determination  of  vitamin  A 
in  sheep  livers  and  with  slight  modification  has  been  used  suc¬ 
cessfully  for  the  determination  of  both  carotene  and  vitamin  A 
in  cattle  livers.  Greater  precision  may  be  expected  by  introduc¬ 


ing  in  the  colorimetric  phase  of  this  method  the  internal  standard 
procedure  described  by  Oser,  Melnick,  and  Pader  (9). 

One  gram  of  fiver  and  5  ml.  of  5%  aldehyde-free  alcoholic 
potassium  hydroxide  are  placed  in  a  50-ml.  heavy-walled  centri¬ 
fuge  tube  having  a  constricted  neck  and  digested  in  a  water  bath  at 
75°  C.  until  the  tissue  is  completely  disintegrated.  Ten  or  more 
samples  can  be  digested  conveniently  at  one  time  if  the  concentric 
rings  of  a  shallow  water  bath  are  replaced  with  a  sheet-lead  top 
having  3.1-cm.  (1.25-inch)  holes.  The  saponified  sample  is 
cooled,  brought  to  its  original  volume  with  alcohol,  and  diluted 
with  an  equal  volume  of  water.  This  concentration  of  alcohol 
and  potassium  hydroxide  in  the  presence  of  no  more  than  50  mg. 
of  original  fat  permits  practically  complete  extraction  of  vitamin 
A  (and  carotene)  by  petroleum  ether  without  appreciable’  change 
in  volume.  If  large  amounts  of  vitamin  A  are  present,  an  aliquot 
of  the  digest  is  made  to  a  volume  of  10  ml.  with  50%  alcohol. 

The  contents  of  the  tube  are  vigorously  shaken  for  2  to  3  min¬ 
utes  with  10  ml.  of  petroleum  ether  and  finally  centrifuged. 
Five  milliliters  of  the  upper  layer,  or  smaller  amounts  for  fivers 
high  in  vitamin  A,  are  transferred  to  an  Evelyn  colorimeter  tube 
containing  a  glass  bead  and  evaporated  to  dryness  at  45  °  C.  with 
the  aid  of  suction.  Carotenoids,  when  present,  are  determined 
previous  to  evaporation  of  this  aliquot  by  accepted  procedures 
(3,  7,  8,  9).  The  evaporation  should  be  complete  within  5  to  10 
minutes.  A  stream  of  nitrogen  may  be  used  as  an  added  precau¬ 
tion  against  oxidation  of  vitamin  A  during  evaporation.  Ten 
samples  are  evaporated  at  one  time  with  an  efficient  suction  fine 
which  prevents  condensation  of  petroleum  ether  around  the  stop¬ 
pers  in  the  necks  of  the  tubes.  Most  water  pumps  have  too  small 
capacity  for  this  purpose. 

The  residue  in  the  tube  is  taken  up  in  1  ml.  of  chloroform  and 
after  the  addition  of  1  drop  of  acetic  anhydride  the  color  is  de¬ 
veloped  in  the  usual  manner  with  9  ml.  of  the  antimony  tri¬ 
chloride  reagent.  Galvanometer  readings  at  the  point  of  tempo¬ 
rary  stability  are  taken  within  5  seconds  after  the  addition  of  the 
reagent.  All  operations  preceding  color  development  are  per¬ 
formed  in  subdued  fight.  “Low  actinic”  or  amber  glassware  as 
suggested  by  Embree  (5)  will  afford  further  protection  against 
the  effects  of  fight. 

Consistent  results  have  been  obtained  from  day  to  day  when 
this  procedure  has  been  applied  to  replicate  samples  of  fiver  of 
unknown  vitamin  A  content.  Likewise,  when  vitamin  A  was 
added  to  fiver  in  the  form  of  distilled  esters,  recovery  values 
agreed  within  5%  of  the  calculated  amount  present.  Experi¬ 
ence  with  this  procedure  under  varied  conditions  showed  that  fat 
was  an  interfering  substance,  its  effect  in  moderate  amounts 
following  saponification  being  to  prevent  quantitative  extraction 
of  vitamin  A  with  petroleum  ether.  Although  the  vitamin  could 
be  extracted  with  diethyl  ether  in  the  presence  of  saponified  fat, 
several  extractions  followed  by'  thorough  washing  and  drying  of 
the  extract  were  necessary.  It  seemed  desirable  to  avoid  these 
steps  wherever  possible.  To  study  some  of  the  limitations  of 
this  procedure,  recovery  experiments  were  performed  with  vita¬ 
min  A  added  to  increasing  amounts  of  vegetable  oils  and  the 
fortified  oils  saponified  with  different  amounts  of  potassium 
hydroxide  and  alcohol  previous  to  extraction.  Control  experi- 
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Table  1. 

Reliability  of  Procedure  for  Determination  of  Vitamin 

in  Lamb  Liver 

Liver 

Sample 

Sample 

Weight, 

Micrograms  of  Vitamin  A  per  Gram 

No 

Grams 

Added 

Total 

Recovered 

4 

1.00 

0 

8.55 

1.00 

.  2.43 

l6!98 

10.45 

1.00 

5.10 

13.65 

13.70 

1.00 

7.75 

16.30 

16.20 

1.00 

13.45 

22.00 

21.90 

1.00 

18.15 

26.70 

26.65 

8 

1.03 

0 

10.86 

1.05 

0 

11.80 

1.12 

0 

11.57 

1.11 

0 

9.94 

1.07 

0 

11.52 

1.07 

0 

10.97 

Av. 

11.11  (±0.28) 

21a 

1.00 

0 

1.56 

28° 

1.05 

0 

4.42 

23a 

1.09 

0 

19.00 

a  Livers  21,  28,  and  23  were  from  lambs  of  corresponding  numbers  that 
received  graded  levels  of  carotene  after  6  months  on  a  carotene-free  ration. 
No.  21  received  approximately  2  mg.  of  carotene  daily;  No.  28  was  given 
twice  this  amount;  No.  23  was  given  twice  this  amount  but  for  a  longer 
period  and  was  allowed  to  graze  green  grass  for  a  week  previous  to  slaughter. 


ments  were  carried  out  at  the  same  time  without  oil.  In  other 
experiments  vitamin  A  was  added  at  different  steps  in  the  pro¬ 
cedure. 

RESULTS  AND  DISCUSSION 

In  Table  I  are  presented  values  for  the  recovery  of  increasing 
amounts  of  vitamin  A  added  in  the  form  of  distilled  esters  to  a 
homogeneous  sample  of  lamb  liver.  The  amounts  of  vitamin  A 
added  to  the  liver  were  determined  colorimetrically  in  control 
experiments  by  direct  treatment  of  the  esters  in  chloroform  with 
antimony  trichloride  reagent.  The  intensity  of  color  produced 
by  the  esters  was  found  to  be  the  same  as  that  of  their  unsaponi- 
fiable  extract,  as  previously  demonstrated  by  Oser,  Melnick,  and 
Pader  ( 9 ).  Good  agreement  between  the  observed  and  calcu¬ 
lated  values  shown  for  sample  4  in  Table  I  gives  evidence  of  the 
reliability  of  the  procedure  for  the  estimation  of  vitamin  A  in 
liver. 

The  values  shown  for  liver  8  in  Table  I  were  obtained  by 
analyses  of  samples  taken  from  different  sections  of  the  same  liver. 
These  values,  by  comparison  with  those  of  the  well-mixed  sample 
4,  are  indicative  of  sampling  error  attributable  to  an  uneven  dis¬ 
tribution  of  vitamin  A  in  different  parts  of  the  liver.  Where 
greater  accuracy  is  desired,  thorough  mixing  of  random  samples 
with  due  precautions  against  loss  of  moisture  during  mixing 
would  be  advisable.  Liver  samples  21,  28,  and  23  were  from 
lambs  that  received  increasing  amounts  of  carotene  in  their  ra¬ 
tions. 

In  Table  II  are  presented  values  showing  the  effect  of  increas- 

i  ing  amounts  of  fat  on  the  recovery  of  vitamin  A  by  the  procedure 
described.  Repetition  of  these  experiments  on  other  occasions 
.  and  with  other  oils  and  fats  has  demonstrated  that  in  the  presence 
of  soap  equivalent  to  no  more  than  0.05  gram  of  oil,  over  95%  of 
;  added  vitamin  A  can  be  extracted  from  50%  alcohol  solutions  by 
a  single  extraction  with  petroleum  ether.  That  larger  amounts 
of  soap  interfere  markedly  with  extraction  of  vitamin  A  by  pe¬ 
troleum  ether  is  shown  throughout  the  results  in  Table  II.  Ma- 
i  terial  other  than  vitamin  A  removed  by  petroleum  ether  did  not 
interfere  with  color  development,  as  shown  by  the  results  in  series 

2  when  vitamin  A  was  added  to  the  petroleum  ether  extract  of 
unsaponifiable  material  just  previous  to  evaporation  and  color 
development. 

In  the  extraction  of  vitamin  A  with  petroleum  ether  the  best 
separation  of  layers  occurred  when  the  soap  solution  contained 
about  50%  alcohol.  Varying  the  percentage  of  alcohol  made 
separation  difficult  and  failed  to  improve  the  recovery  of  vitamin 
A.  Likewise,  variation  in  the  concentration  of  potassium  hy¬ 
droxide  (series  3)  and  in  the  volume  of  soap  solution  (series  4)  pre¬ 


vious  to  extraction  failed  to  improve  vitamin  A  recoveries. 
When  the  soap  solution  was  extracted  with  three  10-ml.  portions 
of  petroleum  ether  (series  5)  recoveries  were  improved  and  ap¬ 
proximately  97%  of  added  vitamin  A  was  recovered  from  0.10 
gram  of  oil.  However,  only  57%  of  added  vitamin  A  could  be 
recovered  from  1.0  gram  of  oil  by  the  modification.  Triple 
extraction  with  diethyl  ether  as  recommended  in  most  procedures 
(series  6)  apparently  effected  good  extraction  of  vitamin  A  un¬ 
related  to  the  amount  of  soap  present;  the  recovery  values, 
which  ranged  from  91.1  to  94%,  are  probably  related  to  losses  of 
vitamin  A  that  occur  during  washing  and  drying  the  extracts. 

PRECAUTIONS 

In  the  progress  of  this  work  the  significance  of  various  sources 
of  error  was  investigated.  Errors  due  to  relatively  large  amounts 
of  fat  have  been  discussed  in  relation  to  the  solvent  employed  for 
extraction  of  unsaponifiable  material.  This  error  can  be  avoided, 
if  the  sample  is  sufficiently  high  in  vitamin  A,  by  taking  an  ali¬ 
quot  of  the  saponified  sample  for  extraction  with  petroleum  ether. 
Certain  other  errors  are  mentioned  here  because,  despite  indica¬ 
tions  to  the  contrary  in  some  recently  proposed  procedure’s,  they 
have  a  marked  effect  on  the  accuracy  of  results. 

Aldehydes.  Alcohol  used  in  saponification  must  be  free  of 
aldehydes  to  prevent  the  formation  of  yellow  resins  which  dissolve 
in  petroleum  ether  and  chloroform  and  produce  a  blue  color  with 
antimony  trichloride.  Galvanometer  readings  equivalent  to 
0.5  microgram  of  vitamin  A  have  been  observed  in  blank  deter¬ 
minations  carried  out  with  ordinary  alcohol.  This  amount  of 
spurious  vitamin  A  produces  errors  of  Irom  10  to  50%  in  some 
determinations. 

Rubber  Stoppers.  Petroleum  ether  dissolves  from  new,  and 
some  old,  rubber  stoppers  material  which  reacts  with  antimony 
trichloride  to  give  a  blue-green  color.  The  intensity  of  the  color, 
unlike  that  of  the  vitamin  A  reaction,  increases  during  the  first 
few  minutes. 

Peroxides.  The  best  grades  of  diethyl  ether  frequently  con¬ 
tain  sufficient  peroxides  to  destroy  vitamin  A,  particularly  during 


Table  II.  Effect  of  Fat  and  Certain  Modifications  in  Procedure  on 
Recovery  of  Vitamin  A 


Vitamin  A 

Modification 

seed 

Re- 

Re- 

Series 

of  Procedure 

Oil 

Added 

covered 

covery 

Gram 

Micrograms  per  gram 

% 

1 

None 

0.00 

4.80 

4.81 

100.2 

0.01 

4.80 

4.85 

101.0 

0.02 

4.80 

4.77 

99.3 

0.05 

4.80 

4.53 

94.4 

0.10 

4.80 

4.04 

84.2 

0.20 

4.80 

3.73 

77.7 

0.40 

4.80 

2.70 

56 . 2 

1.00 

4  80 

1 . 56 

32.5 

2° 

Vitamin  A  added  to  un- 

0.20 

3.62 

3 . 66 

101 . 1 

saponifiable  extract 

0.40 

0.60 

3.62 

3.62 

3.74 

3.70 

103.3 

102.2 

1.00 

3.62 

3.70 

102.2 

3& 

Concentration  of  KOH 

0.20 

3.60 

2 . 56 

71 . 1 

varied 

0.20 

3.60 

2.49 

69.2 

0.20 

3.00 

2.70 

75.0 

0.20 

3.60 

2.63 

73.1 

4  0 

Volume  of  alcohol- 

0.10 

3.51 

3.06 

87.2 

soap-water  solution 

0.20 

3.51 

2.63 

74.9 

increased  * 

0.40 

3.51 

2.22 

63.2 

Triple  extraction  with 

0.00 

15.70 

15.35 

97.8 

petroleum  ether 

0.10 

0.40 

15.70 

15.70 

15.20 

13.35 

96.8 

85.0 

1.00 

15.70 

8.90 

56.7 

6e 

Triple  extraction  with 

0.00 

15.70 

14.30 

91.1 

diethyl  ether 

0.10 

15.70 

14.75 

94.0 

0.40 

15.70 

14.50 

92.3 

1.00 

15.70 

14.75 

94.0 

a  Vitamin  A  was  withheld  from  saponification  mixture  and  added  to  pe¬ 
troleum  ether  extract  of  unsaponifiable  material  previous  to  evaporation. 

*>  Concentration  of  potassium  hydroxide  in  alcohol  used  for  saponification 
of  samples  in  order  given  was  2.5,  5.0,  10.0,  and  20.0%,  respectively.  Saponi¬ 
fied  samples  were  diluted  with  an  equal  volume'  of  water  previous  to  extrac- 

c  Volume  of  saponified  fat  solution  in  50%  alcohol  was  increased  to  30  ml. 
before  extraction  with  petroleum  ether. 

d  Saponified  fat  solution  was  extracted  three  times  with  petroleum  ether. 
Combined  extracts  were  washed  and  dried  and *  1 2/6th  aliquot  evaporated. 

«  Same  as  *  except  that  diethyl  ether  was  used  for  extraction. 

"  I 
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separatory  funnel  operations.  When  an  ether  solution 
containing  2.5  micrograms  of  vitamin  A  was  evaporated  in  the 
usual  manner  in  colorimeter  tubes  in  the  presence  of  0,  2,  4,  6, 
and  8  ml.  of  anhydrous  ether  which  gave  a  positive  peroxide  test, 
losses  of  vitamin  A  were  0,  6,  18,  27,  and  29%,  respectively. 

Light.  Vitamin  A  solutions  are  unstable  in  bright  indoor  light 
(.5).  During  a  2-hour  period,  losses  of  vitamin  A  were  approxi¬ 
mately  38%  greater  when  saponified  samples  were  extracted  with 
ether  and  the  extract  washed  and  dried  near  a  north  window  than 
when  the  same  operations  were  performed  in  subdued  fight. 
Losses  of  vitamin  A  in  ether  solutions  placed  180  cm.  (6  feet) 
from  a  north  window,  in  subdued  fight,  and  in  the  dark  over  a 
period  of  5  hours  were  60,  1.2,  and  0%,  respectively.  Losses  in 
petroleum  ether  solution  under  similar  conditions  were  41,  3,  and 
0%,  respectively. 

SUMMARY  AND  CONCLUSIONS 

The  vitamin  A  content  of  fiver  can  be  determined  by  a  single 
extraction  of  the  saponified  sample  with  petroleum  ether,  fol¬ 
lowed  by  treatment  of  the  evaporated  extract  with  antimony  tri¬ 
chloride  reagent  in  the  usual  manner.  The  procedure  eliminates 
several  manipulations  and  avoids  undue  exposure  of  vitamin  A 
solutions  to  fight.  Large  amounts  of  soap  in  alcohol-water 


mixtures  interfere  with  the  extraction  of  vitamin  A  by  pe¬ 
troleum  ether.  Approximately  95%  of  the  vitamin  can  be 
recovered,  however,  when  the  quantity  of  soap  in  the  alcohol- 
water  phase  does  not  exceed  that  equivalent  to  0.05  gram  of  fat. 
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Determination  of  Uronic  Acids 

R.  M.  McCREADY,  H.  A,  SWENSON,  AND  W.  D.  MACLAY,  Western  Regional  Research  Laboratory,  Albany,  Calif. 


A  modified  method  for  determining  uronic  acids  has  been  developed. 
Theoretical  quantities  of  carbon  dioxide  were  obtained  for  all  uronic 
acids  and  their  derivatives  by  heating  the  sample  with  19%  hydro¬ 
chloric  acid  in  an  oil  bath  maintained  at  145°  C.  for  1.5  to  2  hours. 
The  apparatus  is  simple,  compact,  easy  to  construct,  and  offers  a 
substantial  saving  of  space  and  time.  Analytical  results  on  alginic 
acid  were  higher  and  more  reproducible  than  those  obtained  by 
accepted  methods. 

THE  objective  of  the  work  reported  here  was  to  devise  an  ef¬ 
fective  procedure  for  determining  the  uronide  content  of 
pectic  and  other  polyuronide  substances  in  an  appreciably  shorter 
time  than  that  required  to  carry  out  this  type  of  analysis  by  cur¬ 
rently  recommended  modifications  (1-7,  9-15)  of  the  Lefevre- 
Tollens  (8)  method.  Whereas  a  minimum  time  of  4  hours  is  con¬ 
sidered  necessary  for  complete  decarboxylation  of  certain  pectic 
materials  with  boiling  12.5%  hydrochloric  acid  and  even  a  longer 
treatment  does  not  suffice  for  alginic  acid,  quantitative  yields  of 
carbon  dioxide  were  obtained  from  a  variety  of  pectic  substances 
and  alginic  acid  when  they  were  heated  in  19%  hydrochloric  acid, 
at  a  bath  temperature  of  145°  C.  for  1.5  and  2  hours,  respectively. 

APPARATUS  AND  METHOD 

The  apparatus  used  in  the  investigation  is  shown  in  Figure  1. 
Two  assemblies  of  this  type  were  used  simultaneously  in  the  same 
heating  bath. 

Air,  the  carrier  gas,  passes  through  an  Ascarite  or  soda-lime 
column,  A,  which  removes  traces  of  carbon  dioxide.  A  mercury 
valve,  B,  allows  gas  to  pass  in  one  direction  through  the  appara¬ 
tus.  This  valve  is  connected  through  a  side  tube,  C,  to  a  reac¬ 
tion  flask,  D,  by  means  of  a  rubber  connection.  D  is  a  100-ml. 
round-bottomed,  long-necked  boiling  flask,  with  a  24/40  ground 
joint  attached.  The  oil  bath,  E,  is  maintained  at  145°  C.  by 
means  of  a  thermoregulator  and  immersion  heater. 

From  the  reaction  flask  the  carrier  gas  passes  upward  through  a 
20-cm.  reflux  condenser,  F,  through  a  trap,  G,  containing  25  grams 
of  20-mesh  granulated  zinc  or  tin,  and  finally  into  the  absorption 
flask,  II .  This  250-ml.  Erlenmeyer  flask  is  equipped  with  a  24/40 
ground  joint  and  a  side  tube  attached  a  little  below  the  ground 
joint,  as  shown. 

The  gas  passes  upward  through  an  absorption  tower,  I .  The 
lower  part  of  the  tower  consists  of  an  18-mm.  tube,  fitted  with 
a  medium  fritted  Pyrex  disk  and  sealed  to  the  lower  end  of  the 
inner  part  of  a  24/40  ground  joint.  The  bubbling  disk  should 
terminate  1  or  2  mm.  above  the  bottom  of  the  absorption  flask 
when  the  joint  is  in  place.  A  by  lb  of  approximately  100-ml. 


capacity  is  blown  above  the  ground  portion  of  the  joint  to  serve 
as  a  trap  to  prevent  the  possible  loss  of  alkali  by  foaming.  The 
outer  portion  of  a  24/40  ground  joint  is  sealed  on  above  this 
bulb.  The  absorption  tower,  from  the  bottom  of  the  disk  to  the 
top  of  the  ground  joint,  is  approximately  30  cm.  in  length.  The 
top  of  the  tower  is  fitted  with  a  hollow,  ground  stopper,  with  a 
short  side  tube  attached.  The  carrier  gas  passes  from  the  tower 
assembly  to  a  soda-lime  tower,  ./.  A  water  pump,  attached  to  a 
capillary-tube  regulator,  K,  serves  to  sweep  1700  to  2000  ml.  of 
carbon  dioxide-free  air  per  hour  through  the  apparatus  during 
the  heating  period. 

The  sample  to  be  analyzed  is  placed  in  the  dry  reaction  flask. 
(The  optimum  size  of  sample  used  depends  upon  its  uronic  acid 
content — for  example,  about  250  mg.  are  sufficient  for  analyzing 
pectin.)  Thirty  milliliters  of  19%  hydrochloric  acid  and  a  small 
boiling  tube  are  added.  The  ground  joint  is  lubricated  with 
sirupy  phosphoric  acid  and  attached  to  the  reflux  condenser  and 
mercury  valve.  A  stream  of  carbon  dioxide-free  air  is  drawn 
through  the  reaction  flask  and  reflux  condenser  to  remove  traces 
of  carbon  dioxide  before  the  absorption  tower  is  attached. 

The  ground  joints  of  the  absorption  tower  are  lubricated  with 
stopcock  grease  and  inserted  into  the  absorption  flask,  H.  The 
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Figure  2.  Rate  of  Evolution  of  Carbon  Dioxide  from'iCitrus  Pectin, 
Galacturonic,  Alginic,  and  Pectic  Acids  with  19%  Hydrochloric 
Acid  in  an  Oil  Bath  Maintained  at  145°  C. 


flask  and  tower  are  swept  free  of  carbon  dioxide, 
and  25  ml.  of  0.25  N  sodium  hydroxide  and  5 
irops  of  butanol-1  are  added  to  the  absorption 
tower.  The  side  tube  of  the  absorption  flask  is  at¬ 
tached  to  the  zinc  trap  and  the  top  of  the  tower  to 
the  soda-lime  tower,  J,  by  means  of  rubber  con¬ 
nections. 

The  oil  bath,  previously  brought  to  145°  C.,  is 
placed  in  position,  the  level  of  the  oil  being  1  or 
2  mm.  below  that  of  the  liquid  level  within  the  reac¬ 
tion  flask.  After  the  initial  rapid  evolution  of  gas 
through  the  absorption  tower  has  ceased,  the  capil¬ 
lary  tube,  K,  is  attached  to  J  and  to  the  source  of 
vacuum. 

Heating  of  the  oil  bath  at  145°  C.  is  continued 
while  the  apparatus  is  swept  for  1.5  hours.  The 
bath  is  then  removed,  the  absorption  flask  and 
tower  are  disconnected  from  the  apparatus,  and 
the  alkali  is  washed  down  from  the  tower  into  the 
absorption  flask.  Three  or  four  washings  are 
needed  to  remove  the  last  traces  of  alkali  from 
the  tower.  Gentle  pressure  with  carbon  dioxide- 
free  air  from  the  top  of  the  tower  can  be  used  to 
hasten  the  washing. 

Ten  milliliters  of  10%  barium  chloride  dihydrate 
solution  and  two  drops  of  phenolphthalein  indi¬ 
cator  are  added  to  the  absorption  flask  and  the 
excess  alkali  present  is  titrated  with  0.100  N  hy¬ 
drochloric  acid.  Normal  precautions  are  used 
to  exclude  carbon  dioxide  during  the  storage, 
addition,  and  subsequent  titration  of  the  absorp¬ 
tion  alkali.  A  control  standardization  should  be  run  without  the 
sample  and  used  in  subsequent  calculations  of  the  carbon  dioxide 
evolved  from  uronic  acids. 

EXPERIMENTAL  RESULTS  AND  DISCUSSION 

The  results  are  presented  on  a  moisture-  and  ash-free  basis. 
Moistures  were  determined  by  drying  in  vacuo  for  24  hours  at 
70°  C.,  and  dry  samples  were  heated  3  hours  at  600°  C.  to  deter¬ 
mine  ash.  'The  sample  of  galacturonic  acid  monohydrate  was 
dried  at  25°  C.  over  phosphorus  pentoxide  and  analyzed  without 
further  treatment  . 

Figure  2  shows  the  rates  of  evolution  of  carbon  dioxide  from 
galacturonic  acid  monohydrate,  citrus  pectin,  alginic  acid,  and 
enzymatically  prepared  pectic  acid  with  19%  hydrochloric  acid 
in  an  oil  bath  maintained  at  145°  G.  Pectin  and  galacturonic 
acid  yielded  the  calculated  quantity  of  carbon  dioxide  in  one  hour. 
Pectic  acids  required  heating  periods  of  1.5  hours,  w'hile  alginic 
acids  required  2  hours  for  decarboxylation. 

Table  I  show's  results  obtained  with  12.5%  hydrochloric  acid 
at  an  oil  bath  temperature  of  145°  C.  for  1.5  hours  and  12.5% 
hydrochloric  acid  at  an  oil  bath  temperature  of  130°  C.  for  5  hours, 
respectively,  as  compared  with  the  proposed  method  with  19%  hy¬ 
drochloric  acid  and  an  oil  bath  temperature  of  145°  C  ’.  for  1.5  hours. 


Table  I.  Yields  of  Carbon  Dioxide  from  0.250-Gram  Samples  of 
Uronic  Acids  and  Their  Derivatives 

(Heating  with  12.5%  hydrochloric*  acid  at  130°  C.  for  5  hours  and  at  145°  C. 
for  1.5  hours,  compared  with  19%  hydrochloric  acid  at  145°  C.  for  1.5  hours) 

Yield  of  Carbon  Dioxide,  % 


12.5%  HC1. 

12.5%  HC1, 

Sample 

1.5  hours0 

5  hours 

19%  HC1 

Calculat 

Galacturonic  acid 

20.7 

20.7 

20.75 

(monohydrate) 

20.7 

20.7 

Citrus  pectin 

16' 6 

20.7 

20.8 

(purified) 

1.6  8 

20.8 

20.8 

21  1 

20.8 

Citrus  pectin 

16.5 

16.6 

16.9 

(unpurified) 

16.3 

16.7 

Apple  pectin 

21.4 

20.7 

21.2 

Pectic  acid 

21.2 

20.8 

14.5 

20.0 

19.8 

20.0 

(enzymatic) 

14.4 

20  0 

19.8 

Alginic  acid 

14. 2C 

21.7 

23. 7C 

24.3 

(purified) 

14. 6C 

19.2 

23. 8C 

20.7 

23. 8C 

Glucose 

0.26 

0.22 

0 

0.33 

0.26 

a  Heated  at  bath  temperatures  of  145°  C. 

b  Calculated  from  equivalent  weight  corrected  for  combined  ash  con¬ 
stituents  and  methoxyl  groups. 
c  Samples  heated  for  2  hours. 

-  * 


Decarboxylation  of  citrus  pectin  (purified),  pectic  acid,  and  alginic 
acid  with  12.5%  hydrochloric  acid  at  an  oil  bath  temperature  of 
145°  G.  for  1.5  hours  was  approximately  70,  80,  and  60%,  respec¬ 
tively,  complete.  Equal  quantities  of  carbon  dioxide  were  obtained 
from  the  pectic  substances  with  12.5%  acid  for  5  hours  and  by 
the  proposed  method.  However,  the  yields  of  carbon  dioxide 
from  alginic  acid  were  low  as  compared  with  those  obtained  with 
the  proposed  method.  The  data  clearly  indicate  the  effectiveness 
of  19%  hydrochloric  acid  over  that  of  the  lesser  concentration 
and  a  very  significant  saving  of  time  for  uronic  acid  analyses.  \| 
Phe  carbon  dioxide  evolved  from  various  nonuronide  substances 
such  as  inulin,  gelatin,  glucono-5-lactone,  starch,  sucrose,  and 
oxalic  and  mucic  acids,  when  treated  either  under  the  reaction 
conditions  herein  recommended  or  those,  generally  used,  was 
similar  to  that  obtained  from  glucose  (Table  I).  A  sample  of 
arabinose  yielded  0.7%  carbon  dioxide  when  analyzed  by  the 
proposed  method.  These  results  show  that  none  of  these  sub¬ 
stances  would  interfere  in  the  analysis  of  pectic  materials  w'hen 
present  in  moderate  amounts  as  impurities.  Quantitative  re¬ 
covery  of  carbon  dioxide  was  obtained  from  citrus  pectin  when 
0.020  gram  of  material  was  used  instead  of  the  recommended 
0. 250-gram  sample. 
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Routine  Analysis  of  Manganese  Bronze 

EDWIN  K.  BABSON  and  WAYNE  W.  JOHNSON 
Industrial  Laboratory,  Mare  Island  Naval  Shipyard,  Vallejo,  Calif. 


In  a  rapid  method  for  the  routine  analysis  of  manganese  bronze 
perchloric  and  nitric  acids  are  used  to  dissolve  the  sample.  The 
nitric  acid  is  removed  by  fuming  with  perchloric  acid,  copper,  tin, 
and  lead  then  being  precipitated  as  sulfides.  Tin  is  determined 
gravimetrically,  copper  and  lead  electrolytically.  Iron,  having 
been  reduced  by  hydrogen  sulfide,  is  titrated  with  permanganate' 
after  which  the  aluminum  is  determined  by  weighing  the  combined 
iron  and  aluminum  oxides.  Accepted  methods  are  used  in  the 
determination  of  nickel  and  manganese.  Results  compare  favorably 
with  the  certified  values  of  two  Bureau  of  Standards  manganese  bronze 
samples. 

THE  fact  that  relatively  few  methods  for  the  complete 
analysis  of  manganese  bronze  have  appeared  in  the  litera¬ 
ture  is  perhaps  evidence  that  the  inherent  difficulties  have  not 
been  satisfactorily  overcome.  It  is  known  that  if  a  sample  of 
bronze  containing  considerable  iron*  is  decomposed  with  nitric 
acid  the  tin  is  incompletely  precipitated,  and  contaminated  with 
iron.  Tin,  if  present  in  the  electrolyte,  will  contaminate  both 
copper  and  lead  deposits  if  these  elements  are  determined  by 
electrolysis.  Unless  special  precautions  are  taken  the  lead 
peroxide,  deposited  on  the  anode  during  electroplating,  is  con¬ 
taminated  with  manganese  dioxide.  Also,  the  'separation  and 
determination  of  aluminum,  at  best  being  time-consuming,  are 
complicated  by  the  presence  of  any  tin  not  previously  separated. 
While  accurate  methods  are  available,  all  are  objectionable  for 
one  reason  or  another.  The  principal  objection  is  the  time  con- 
.  sumed  in  avoiding  the  interferences  mentioned.  Results  of 
analysis  are  often  needed  in  5  or  6  hours,  and  most  methods  fail 
to  satisfy  this  requirement.  Some  methods  involve  the  use  of 
fluorides  to  prevent  interference  from  tin  in  the  electroplating 
of  copper  and  lead  (3),  but  for  large  numbers  of  samples  con¬ 
siderable  platinum  ware  is  required  in  subsequent  evaporations. 
Procedures  which  require  the  plating  of  copper  and  lead  without 
prior  removal  of  manganese  result  in  high  lead  values,  although 
in  some  instances  (3)  the  amount  of  contamination  is  not  exces¬ 
sive  for  routine  work.  One  of  the  most  acceptable  methods  for 
determining  aluminum  necessitates  the  use  of  the  mercury 
cathode  (3),  but  is  somewhat  slow  for  rapid  analysis. 

The  method  described  herein  avoids  these  difficulties  and  is 
considered  novel  in  some  respects.  The  initial  attack  is  made 
with  perchloric  and  nitric  acids,  rendering  soluble  all  constituents 
with  the  exception  of  a  small  amount  of  tin.  Then,  precipitation 
with  hydrogen  sulfide  in  the  acid  solution  separates  the  copper, 
lead,  and  tin  from  the  iron,  aluminum,  manganese,  nickel,  and 
zinc.  By  this  means  tin  is  removed  from  iron,  and  lead  from 
manganese.  The  iron,  having  been  reduced  to  the  ferrous  state 
by  hydrogen  sulfide,  is  titrated  with  permanganate.  Later  pre¬ 
cipitation  of  mixed  iron  and  aluminum  hydroxides  with  ammonia 
makes  the  use  of  the  mercury  cathode  unnecessary.  The  ac¬ 
curacy  of  the  method  is  shown  by  values  obtained  with  Bureau 
of  Standards  samples,  and  with  a  secondary  standard  which  had 
been  carefully  analyzed  by  accepted  methods  (1,4)-  Procedures 
for  the  determination  of  manganese  and  zinc  are  omitted  because 
present  methods  ( 5 )  are  satisfactory  for  the  former,  and  the  latter 
is  most  accurately  obtained  by  difference. 

PROCEDURE 

All  elements  except  zinc  and  manganese  are  determined  from 
a  single  weighed  sample.  After  the  initial  solution  and  sulfide 
separation,  the  precipitate  and  filtrate  are  treated  simultaneously, 
in  this  way  decreasing  the  total  time  of  analysis.  The  complete 


procedure  for  determining  tin,  copper,  lead,  iron,  aluminum, 
and  nickel  is  as  follows: 


Transfer  1.0000  gram  of  sample  to  a  400-ml.  beaker.  Dissolve 
wdth  4  ml.  of  nitric  acid  (sp.  gr.  1.42)  and  6  ml.  of  perchloric  acid 
(70%),  cover,  and  heat  until  heavy  fumes  of  perchloric  acid  have 
been  evolved  for  several  minutes.  Cool  somewhat,  wash  the 
cover  glass,  and  dilute  to  200  ml.  with  hot  water.  Pass  hy¬ 
drogen  sulfide  into  the  solution  for  20  minutes.  Coagulate  the 
precipitated  sulfides  by  adding  paper  pulp  and  bringing  the 
contents  of  the  beaker  to  boiling.  Filter  through  a  Whatman 
No.  30  paper  into  a  400-ml.  beaker,  and  wash  the  precipitate 
thoroughly  with  hot  water,  combining  the  washings  and  the 
filtrate.  Save  both  the  precipitate  and  solution. 

Determination  of  Tin.  Wrap  the  precipitate  and  filter 
in  another  piece  of  filter  paper,  and  place  in  a  clean  No.  1  porce¬ 
lain  crucible.  Ignite  completely  at  500°  C.,  and,  after  allowing 
to  cool  carefully  transfer  the  ignited  material  to  a  150-ml.  beaker. 
Pour  10  ml.  of  nitric  acid  (sp.  gr.  1.42)  into  the  crucible  and  heat 
on  a  hot  plate  for  several  minutes.  Pour  the  acid  into  the  beaker 
containing  the  major  portion  of  the  ignited  oxides,  and  wash 
the  crucible  with  10  ml.  of  water,  adding  the  washings  to  the 
beaker.  Heat  until  the  black  copper  oxide  is  dissolved.  Dilute 
to  50  ml.  with  hot  water,  add  a  small  amount  of  paper  pulp,  and 
allow  to  stand  just  below  the  boiling  point  for  30  minutes.  Filter 
on  a  Whatman  No.  42  paper  into  which  has  been  poured  a  small 
amount  of  paper  pulp  suspension.  Wash  the  precipitate  three 
times  alternately  with  hot  water  and  dilute  nitric  acid  (1  to  4). 
Ignite  the  precipitate  in  a  tared  crucible  first  at  500°  C.  until  the 
paper  is  completely  charred  and  finally  at  900°  C.  until  fully 
ignited.  Weigh  the  ignited  material  as  Sn02,  and  calculate  the 
percentage  of  tin. 


Per  cent  tin 


weight  of  Sn02  X  0.788 
weight  of  sample 


Determination  of  Copper  and  Lead.  The  filtrate  from  the 
tin  determination  contains  the  copper  and  lead.  Dilute  to  200 
ml.,  and  add  2  ml.  of  dilute  sulfuric  acid  (1  to  1)  and  a  small 
amount  of  urea  or  sulfamic  acid.  Place  on  an  electroplater  and 
deposit  the  copper  and  lead  simultaneously.  Using  the  cus¬ 
tomary  gauze  cathodes  and  rotating  gauze  anodes  complete 
deposition  will  be  obtained  in  about  60  minutes  at  2.5  amperes. 
Weigh  the  previously  tared  electrodes  and  calculate  the  per¬ 
centage  of  copper  and  lead.  Discard  the  electrolyte. 


Per  cent  copper 


weight  of  Cu  deposited  ^  ^ 
weight  of  sample 


Per  cent  lead 


weight  of  Pb02  deposited  X  0.864 
weight  of  sample 


Determination  of  Iron.  To  the  filtrate  from  the  sulfide 
precipitation  add  a  few  glass  beads,  and  boil  the  solution  vigor¬ 
ously  for  30  minutes  to  expel  the  hydrogen  sulfide.  Cool  the 
solution  in  ice  water,  add  10  ml.  of  dilute  sulfuric  acid  (1  to  1), 
and  titrate  with  0.05  N  potassium  permanganate  to  a  faint  pink 
color  that  should  persist  for  10  to  15  seconds.  Reserve  the 
solution  for  the  determination  of  aluminum. 

Per  cent  iron  = 

ml.  of  titration  X  0.05584  X  normality  of  KMnQ4  ^ 

weight  of  sample 


Determination  of  Aluminum.  To  the  solution  from  the  iron 
determination  add  10  grams  of  ammonium  chloride  and  make 
just  alkaline  to  methyl  red  with  ammonium  hydroxide  (sp.  gr. 
0.90).  Add  a  small  amount  of  paper  pulp,  bring  to  a  boil,  add 
3  drops  more  ammonium  hydroxide  (sp.  gr.  0.99),  and  allow  to 
settle  for  5  minutes.  Filter  the  hydroxides  on  a  Whatman  No. 
31  paper,  washing  three  times  with  hot  ammoniacal  ammonium 
nitrate  solution  (10%  ammonium  nitrate  made  just  ammoniacal 
to  methyl  red) .  Remove  the  beaker  containing  the  filtrate  and 
washings,  reserving  these  for  the  nickel  determination.  Dissolve 
the  hydr  xides  from  the  paper  by  pouring  hot  dilute  hydrochloric 
acid  (1  to  1)  through  the  filter  into  the  original  beaker.  Wash 
the  filter  well  with  cold  water  and  discard.  Add  2  grams  of  am¬ 
monium  chloride  to  the  solution  in  the  beaker  and  reprecipitate 
the  iroi|  and  aluminum  hydroxides  as  described  above.  After 


292 


lay,  1946 


293 


ANALYTICAL 


Table  I.  Results  of  Analysis  of  NBS  Samples 


'opper 


’in 


.ead 


ron 


Aluminum 


Nickel 


Found 

% 

61.47 

61.51 

61.47 

61.43 

61.46 

0.84 

0.84 

0.83 

0.83 

0.84 

0.51 

0.52 

0.52 

0.51 

0.53 

1.02 

1.02 

1.02 

1.03 

1.04 

0.94 

0.91 

0.93 

0.93 

0.93 

0.61 

0.62 

0.61 

0.62 

0.62 


Sample  62a 
Average 

a 

Certified 

Found 

Sample  62b  b 
Average 

Certified 

% 

% 

% 

% 

% 

61.47. 

61.51 

57.36 

57.35 

57.31 

57.39 

57.34 

57.35 

57.40 

0.84 

0.84 

1.02 

1.03 

0.99 

1.00 

1.02 

1.01 

0.97 

0.52 

0.50 

0.28 

0.29 

0.30 

0.29 

0.26 

0.28 

0.27 

1.03 

1.04 

0.80 

0.80 

0.82 

0.80 

0.82 

0.81 

0.81 

0.93 

0.92 

0.98 

0.97 

1.02 

0.99 

1.02 

1.00 

0.97 

0.62 

0.61 

0.29 

0.27 

0.29 

0.29 

0.28 

0.28 

0.27 

»  Manganese  1.51%.  b  Manganese  1.28%. 


filtering  and  washing  the  precipitate,  place  in  a  tared  porcelain 
crucible,  char  the  paper  at  500°  C.,  and  ignite  at  900°  C.  Cool 
the  ignited  oxides  in  a  desiccator,  and  weigh  the  mixture  of  iron 
and  aluminum  oxide  (R203)  rapidly.  From  the  weight  of  the 
R;03  and  the  percentage  of  iron  previously  determined  calculate 
the  per  cent  aluminum. 

Per  cent  aluminum  = 

(weight  of  R203  —  weight  of  Fe  X  1.429)  0.529  v  *00 
weight  of  sample 


Determination  of  Nickel.  To  the  filtrate  from  the  first 
hydroxide  precipitation  add  15  ml.  of  dimethylglyoxime  solution 
(1%  alcoholic  solution).  Warm  until  the  precipitate  is  well 
coagulated  and  filter  through  a  Whatman  No.  41  paper,  washing 
eight  to  ten  times  wdth  hot  wTater.  W  rap  the  filter  in  a  mois¬ 
tened  ashless  filter  paper  and  ignite  in  a  tared,  covered,  porcelain 
crucible,  first  at  500  °  C.,  and  finally  at  800  °  C.  Cool  in  a  desic¬ 
cator  and  w’eigh  as  NiO. 


Per  cent  nickel 


weight  of  NiO  X  0.786 

weight  of  sample 


X  100 


EXPERIMENTAL  RESULTS 


National  Bureau  of  Standards  manganese  bronze  samples  62a 
and  62b  were  used  to  test  the  accuracy  of  the  method.  The 
results  obtained  are  shown  in  Table  I. 

Most  samples  analyzed  in  this  laboratory  have  less  tin,  man¬ 
ganese,  lead,  and  nickel  than  do  the  Bureau  of  Standards  samples. 
A  sample  of  more  common  alloy,  the  composition  of  wdiich  had 
been  carefully  established  by  accurate  methods  ( 1 ,  4),  was 
analyzed  by  the  above  method.  Results  are  shown  in  Table  II. 


DISCUSSION 


The  properties  of  perchloric  acid  make  it  particularly  suitable 
for  this  method.  Its  oxidizing  properties  when  hot  and  con¬ 
centrated  and  the  solubility  of  its  salts  provide  practically  com¬ 
plete  solution  of  the  sample.  Further,  the  fact  that  dilute  solu¬ 
tions  of  the  a6id  have  no  oxidizing  power  makes  it  satisfactory 
for  the  hydrogen  sulfide  precipitation  and  iron  titration.  It 
was  originally  contemplated  that  the  initial  attack  should  be 
with  perchloric  acid  alone.  However,  the  tin  values  were  found 
to  be  consistently  low  and  somewhat  erratic.  It  seemed  possible 
that  this  might  be  due  to  volatilization  of  the  tin  during  solution 
of  the  sample.  By  using  both  nitric  and  perchloric  acids,  and 
then  evaporating  to  perchloric  acid  fumes,  this  difficulty  was 
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overcome.  No  error  attributable  to  the  presence  of  nitric  acid 
was  observed  in  the  subsequent  iron  titrations. 

Aluminum  and  tin  values  on  sample  62b  were  found  to  be 
consistently  high.  Spectrographic  analysis  disclosed  the  presence 
of  silicon  in  the  ignited  tin  oxide  and  in  the  mixed  oxides.  This 
was  due  to  the  presence  in  the  sample  of  0.047%  silicon  which 
is  not  ordinarily  found  in  manganese  bronze  analyzed  in  this 
laboratory.  From  a  consideration  of  coprecipitation,  hygro- 
scopicity,  and  solubilities  one  might  not  expect  to  obtain  the 
accuracy  shown.  However,  it  is  possible  that  fortuitous  com¬ 
pensating  errors  result  in  slightly  better  values  than  would 
normally  be  expected. 

With  this  method  one  sample  of  manganese  bronze  can  be 
analyzed  in  approximately  5  hours.  Six  samples  require  ap¬ 
proximately  the  same  time  and  12  samples  can  be  completed  by 
one  analyst  in  an  8-hour  period.  Experience  with  other  methods 
had  indicated  that,  in  order  to  obtain  the  same  degree  of  ac¬ 
curacy,  about  8  hours  are  required  for  a  single  sample.  The 
equipment  required  is  found  in  all  nonferrous  laboratories,  no 
special  apparatus  or  reagents  being  necessary.  All  operations  are 
of  such  simplicity  that  little  is  required  in  the  way  of  special 
technique  and  training. 

It  has  been  demonstrated  that  a  satisfactory  analysis  of  man¬ 
ganese  bronze  can  be  accomplished  if  tin  is  separated  from  iron, 
if  it  is  not  present  in  the  copper-lead  electrolyte,  and  if  manganese 
is  separated  from  lead.  The  separations  desciibed  in  this 
method  isolate  the  elements  in  such  a  manner  that  little  inter¬ 
ference  is  encountered  in  each  determination.  It  therefore 
appears  that  the  method  at  least  partly  satisfies  the  requirements 
for  rapid  analysis,  and  has  sufficient  accuracy  to  warrant  its  use 
in  routine  control  and  inspection  work. 


Table  II.  Results  of  Analysis  of  Laboratory  Standard0 


Accepted 

Found 

Average 

Value 

% 

% 

% 

Copper 

56.03 

56.03 

56.02 

56.00 

55.99 

56.01 

56.01 

Tin 

0.36 

0.39 

0.35 

0.35 

0.38 

0.37 

0.37 

Lead 

0.26 

0.25 

0.24 

0.26 

0.23 

0.24 

0.21 

Iron 

0.82 

0.83 

0.83 

0.83 

0.85 

0.83 

0.82 

Aluminum 

0.64 

0.63 

0.60 

0.63 

0.63 

0.63 

0.61 

*  Manganese  0.42%. 


ACKNOWLEDGMENT 

Acknowledgment  is  made  to  other  members  of  the  Industrial 
Laboratory,  Mare  Island  Naval  Shipyard,  for  their  helpful 
assistance. 

I  ITCD  ATI  IDF  riTFH 


(1)  “A.S.T.M.  Methods  of  Chemical  Analysis  of  Metals”,  Phila¬ 

delphia,  Pa.,  American  Society  for  Testing  Materials,  1943. 

(2)  Holler,  A.  C.,  and  Yeager.  .1.  P.,  Ind.  Eng.  Chem.,  Anal.  Ed., 

14,  719-20  (1942). 

(3)  Ravner,  Harold,  Ibid.,  17,  41—3  (1945). 

(4)  Saxer,  E.  T„  and  Minto,  R.  E.,  Ibid.,  15,  261-2  (1943). 

(5)  Scott,  ‘‘Standard  Methods  of  Chemical  Analysis”,  5th  ed„  4  ol. 

II,  p.  1358,  New  York,  D.  Van  Nostrand  Co.,  1939. 

The  views  expressed  in  this  paper  are  those  of  the  authors  and  do  not 
necessarily  reflect  the  opinion  of  the  Navy  Department. 


Determination  of  Small  Amounts  of  Aromatic 
Hydrocarbons  in  Aq  ueous  Solutions 

H.  E.  MORRIS,  R.  B.  STILES,  AND  W.  H.  LANE,  Monsanto  Chemical  Company,  Texas  City,  Texas 


A  method  is  described  which  employs  formaldehyde-sulfuric 
acid  reagent  for  the  determination  of  small  amounts  (1  to  500  p.p.m.) 
of  aromatic  hydrocarbons  in  aqueous  solutions  with  an  accuracy  of 
*  10%.  The  sensitivity  of  the  test  is  0.0001  gram  of  aromatic  hy¬ 
drocarbon. 


HE  determination  of  aromatic  hydrocarbons  in  plant,* 
effluents  or  other  aqueous  solutions  is  a  problem  frequently 
encountered  in  laboratories.  A  reasonably  accurate  method  for 
such  analyses  depends  upon  the  development  of  a  brown  colora¬ 
tion  when  concentrated  sulfuric  acid  containing  a  small  amount  of 
formaldehyde  is  brought  in  contact  with  an  aromatic  hydro¬ 
carbon  under  certain  specific  conditions. 

Sulfuric  acid  containing  formaldehyde  has  been  used  for  de¬ 
tecting  small  amounts  of  benzene  in  air  (3,  5)  a  brown  color  being 
developed  when  the  benzene-containing  air  is  bubbled  through 
the  reagent.  Toluene  and  coal-tar  naphthas  also  give  the  test. 
Naphthalene  is’said  to  interfere  by  producing  a  black  film.  Thio¬ 
phene  and  unsaturated  hydrocarbons  also  interfere  but  can  be 
removed  by  bubbling  the  air  through  sulfuric  acid  first. 

An  extension  of  this  method  has  been  reported  (4,  5),  in  which 
the  degree  of  color  development  in  the  reagent  is  used  in  connec¬ 
tion  with  a  color  standard  to  make  a  quantitative  estimate  of  the 
amount  of  aromatic  hydrocarbons  present. 

In  the  butanone  method  for  benzene  in  air  (5)  the  benzene  is 
first  nitrated  to  form  m-dinitrobenzene,  which  is  subsequently 
estimated  colorimetrically  with  the  aid  of  butanone.  This 
method  is  both  tedious  and  lengthy. 

Another  method  ( 5 )  is  also  based  on  the  nitration  of  benzene 
and  subsequent  separation  of  the  m-dinitrobenzene  from  the  ni¬ 
trating  acids  by  steam  distillation.  The  amount  of  m-dinitro¬ 
benzene  present  is  then  determined  by  titration  with  standard 
titanous  chloride  solution.  This  method  is  also  lengthy. 

In  the  oxidation  method  for  benzene  in  air  ( 1 ,  2)  the  sample 
is  treated  with  hydrogen  peroxide  in  the  presence  of  ferrous  sul¬ 
fate,  and  the  depth  of  the  brown  coloration  which  develops  is 
taken  as  a  measure  of  the  amount  of  benzene  present.  Certain 
organic  materials,  particularly  the  more  water-soluble  solvents, 
interfere  and  must  be  removed  before  the  test  is  carried  out. 

Of  all  these  methods,  the  one  employing  the  formaldehyde- 
sulfuric  acid  reagent  seems  to  offer  the  best  combination  of  speed, 
sensitivity,  and  ease  of  applicability  to  aqueous  solutions  con¬ 
taining  aromatic  hydrocarbons. 

REAGENTS 

Formaldehyde-sulfuric  acid  reagent,  prepared  by  mixing  1.0 
ml.  of  37%  U.S.P.  formaldehyde  with  100  ml.  of  c.p.  concentrated 
sulfuric  acid. 

c.p.  carbon  tetrachloride  (a  technical  grade  may  be  used  if  it 
is  washed  with  sulfuric  acid  until  it  remains  colorless  in  contact 
with  the  reagent) . 

METHOD 

The  formaldehyde-sulfuric  acid  reagent  is  'used  as  follows 
for  determining  the  aromatic  hydrocarbon  content  of  aqueous 
samples:  100  ml.  of  the  aqueous  sample  to  be  analyzed  are 
shaken  in  a  separatory  funnel  with  25  ml.  of  carbon  tetrachloride. 
After  separating,  the  carbon  tetrachloride  layer  is  carefully  with¬ 
drawn  and  added  to  5  ml.  of  the  formaldehyde-sulfuric  acid 
reagent  in  a  200-ml.  flask.  After  vigorous  shaking  for  1  minute, 
the  reactants  are  allowed  to  stand  for  5  minutes,  whereupon  a 
brown  discoloration  of  the  acid  layer  develops. 

The  depth  of  this  discoloration  changes  on  standing;  hence  it 
is  important  that  it  be  observed  at  some  standard  interval  of  time 
after  shaking.  The  quantity  of  aromatic  hydrocarbon  present  is 


estimated  by  comparing  with  a  sample  prepared  at  the  same  time  , 
and  under  exactly  similar  conditions  from  an  appropriate  quan¬ 
tity  ol  an  aqueous  solution  of  known  concentration  of  the  aro- ! 
matic  hydrocarbon  in  question.  For  example,  when  styrene  is  I 
being  determined  it  is  convenient  to  have  at  hand  a  standard 
solution  of  styrene  in  water.  By  trial  and  error  the  exact  amount 
of  the  styrene  solution  of  known  concentration  required  to  give  ■ 
a  perfect  color  match  with  the  unknown  is  determined.  The  ! 
styrene  concentration  in  the  unknown  may  then  be  calculated. 

This  procedure  is  actually  applied  to  the  determination  of  the 
styrene  concentration  in  an  aqueous  unknown  as  follows:  A 
standard  styrene-in-water  solution  was  made  up  containing  15 
p.p.m.  of  styrene.  Three  trials  were  made  in  which  (a)  5.0  ml. 
of  the  unknown  were  compared  with  25  ml.  of  the  standard, 

■  (b)  3.0  ml.  of  the  unknown  were  compared  with  50  ml.  of  the  1 
standard,  and  finally  (c)  3.0  ml.  of  the  unknown  were  compared  , 
with  60  ml.  of  the  standard.  The  last  mentioned  gave  a  perfect 
color  match  between  the  unknown  and  the  standard,  so  the  con-  1 
centration  of  styrene  in  the  unknown  was  calculated  to  be  60/3  X  1 
15  =  300  p.p.m. 

SCOPE  AND  APPLICATION 

Using  the  method  outlined  above,  concentrations  of  aromatic 
hydrocarbons  in  water  ranging  from  1  to  10  p.p.m.  may  be  de-  j 
termined  with  an  accuracy  of  ±1  p.p.m.  However,  for  higher  j 
concentrations  it  is  necessary  to  dilute  the  sample  with  distilled 
water  until  it  does  fall  within  this  range  and  then  multiply  the 
answer  by  a  dilution  factor.  The  inherent  error  of  the  method  is 
multiplied  by  the  dilution  factor.  Thus,  for  a  sample  containing 
50  p.p.m.  of  an  aromatic  hydrocarbon,  a  fivefold  dilution  is  recom¬ 
mended;  and  the  final  answer  will  be  50  =•=  5  p.p.m. 

Since  the  test  is  capable  of  detecting  1  p.p.m.  of  aromatic 
hydrocarbon  in  a  100-ml.  aqueous  sample,  the  sensitivity  is 
actually  0.0001  gram  of  aromatic  hydrocarbon. 

The  formaldehyde-sulfuric  acid  reagent  has  been  applied  to 
aqueous  samples  containing  benzene,  toluene,  ethylbenzene,  and 
styrene  alone  or  in  combination  and  in  concentrations  ranging 
from  1  to  500  p.p.m.  It  has  been  found  that  these  aromatic 
hydrocarbons  give  different  degrees  of  discoloration  of  the  formal¬ 
dehyde-sulfuric  acid  reagent ;  hence  for  the  most  accurate  work  it 
is  necessary  that  the  identity  of  the  aromatic  hydrocarbon  be 
known.  This  is  not  necessary  if  only  a  rough  estimate  of  con¬ 
centration  is  desired. 

For  routine  control  work  it  was  found  desirable  to  have  avail¬ 
able  a  set  of  permanent  color  standards  to  eliminate  the  necessity 
of  running  a  standard  along  with  khe  unknown.  Such  a  set  of 
color  standards  was  prepared  by  mixing  appropriate  quantities  of 
colored  inorganic  salt  solutions  to  obtain  color  matches  with 
known  samples  containing  1,  2,  5,  and  10  p.p.m.  of  aromatic  hy¬ 
drocarbon. 

The  partition  coefficient  of  aromatic  hydrocarbons  between 
water  and  carbon  tetrachloride  is  such  that  one  extraction  with 
carbon  tetrachloride  gives  a  complete  removal  from  the  water 
layer  even  in  those  cases  where  the  aromatic  content  is  very  high. 

Extraction -reagents  other  than  carbon  tetrachloride  may  be 
used  to  remove  the  aromatic  hydrocarbon  from  aqueous  solution. 
(Dilution  of  the  reagent  prevents  its  direct  application  to  aqueous 
solutions.)  Diethvl  ether  results  in  a  much  lower  sensitivity  of 
the  test :  this  very  fact  might  be  of  value  if  the  use  requirements 
were  such  that  high  aromatic  concentrations  were  frequently 
encountered. 

EFFECT  OF  FORMALDEHYDE  CONCENTRATION  IN  REAGENT 

It  has  been  recommended  (4,  5)  that  the  formaldehyde  concen¬ 
tration  be  5  ml.  of  37%  formaldehyde  per  100  ml.  of  concentrated 
sulfuric  acid.  In  order  to  determine  the  effect  of  formaldehyde 
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incentration,  tests  were  made  in  which  formaldehyde  concen- 
ations  of  0.5,  1.0,  2.0,  3.0,  4.0,  and  5.0  ml.  per  100  ml.  of  con- 
ntrated  sulfuric  acid  were  employed  on  solutions  containing  2, 
and  6  p.p.m.  of  ethylbenzene.  In  all  cases  the  low  formalde- 
,-de  concentrations  gave  from  two  to  three  times  the  degree 
color  development  obtained  with  the  strong  concentrations, 
bus,  for  greatest  sensitivity  it  is  recommended  that  the  formal- 
shyde  concentration  be  kept  low.  Obviously  one  formaldehyde 
incentration  must  be  accepted  and  maintained  as  standard  to 
event  any  possible  variation  from  this  source. 
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Determination  of  the  Solubility  of  Styrene  in 

and  of  Water  in  Styrene 


Water 


W.  H.  LANE,  Monsanto  Chemical  Company,  Texas  City,  Texas 


ie  Karl  Fischer  reagent  and  cloud  point  observations  have  been 
•plied  to  the  problem  of  determining  the  solubility  of  water  in 
rrene  between  6°  and  51  °  C.  The  formaldehyde- sulfuric  acid 
agent  as  well  as  cloud  point  observations  were  utilized  for  de- 
rmining  the  solubility  of  styrene  in  water  between  7°  and  65°  C., 
d  data  are  reported. 

ATA  on  the  solubility  of  styrene  in  water  and  of  water 
in  styrene  and  the  effect  of  temperature  on  these  mutual 
lubilities  can  be  of  considerable  value  when  it  is  necessary  to 
mpute  organic  losses  by  way  of  aqueous  plant  effluent  streams, 
nee  no  such  data  are  available  in  the  literature,  the  present 
vestigation  was  undertaken. 

SOLUBILITY  OF  WATER  IN  STYRENE 

The  Karl  Fischer  reagent  ( 2 )  was  applied  successfully  to  the 
oblem  of  determining  water  in  styrene.  The  data  shown  in 
ible  I  and  Figure  1  are 
rerage  values  of  two  deter- 
inations.  The  reproduci- 
lity  of  the  method  is  ex- 
llent,  as  the  difference 
•tween  duplicate  determi- 
itions  never  exceeded  3% 
the  average  value .  Eq  ui- 
)rium  conditions  were  ob- 
ined  by  shaking  a  large 
mple  of  styrene  contain- 
g  a  slight  excess  of  water 
a  given  temperature  and 
en  allowing  it  to  stand  in 
water  bath  at  this  tem- 
■rature  for  24  hours  to  en- 
re  complete  separation  of 
e  twro  phases  before  wi th¬ 
aw  al  of  a  sample  of  the 
yrene  phase  for  titration  of  the  water  present  with  the  Karl 
scher  reagent.  The  styrene  phase  was  always  clear,  and 
did  not  become  cloudy  even  when  cooled  considerably  from 
higher  temperature  at  which  saturation  conditions  had  existed, 
loud  points  never  occurred  when  an  excess  of  both  phases  was 
•esent. 

Several  precautions  must  be  observed  in  applying  the  Karl 
ischer  reagent  as  described  above.  Samples  of  styrene  stored 
r  several  days  over  anhydrous  calcium  sulfate  showed  negli- 
bly  small  blanks.  Since  styrene  polymerizes  readily,  fresh 
mples  were  used  for  each  determination.  The  usual  polymeri- 
ition  inhibitor,  p,£erf-butylcatechol,  interferes  even  in  the  small 
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Figure  1.  Solubility  of  Water  in 
Styrene 


Table  1. 

Solubility  of  Water  in  Styrene 

Solubility  of  Water 

Temperature 

in  Styrene 

°  c. 

% 

• 

Karl  Fischer  Reagent 

*  6 

0.032 

25 

0.066 

31 

0.084 

40 

0.101 

51 

0.123 

Cloud  Point 

14 

0.040 

27 

0.060 

34 

0.080 

40 

0.100 

45 

0.120 

amounts  (10  p.p.m.)  normally  employed.  The  presence  of  this 
inhibitor  in  dry  styrene  caused  rather  high  blanks,  so  styrene 
samples  free  of  p,£er<-butylcatechol  were  used  in  all  the  solubility 
determinations. 

In  spite  of  the  fact  that  during  the  determination  of  the  solu¬ 
bility  of  wrater  in  styrene  by  means  of  the  Karl  Fischer  reagent 
no  cloudiness  or  visual  evidence  of  phase  separation  was  ever  ob¬ 
served  (perhaps  because  of  the  presence  of  an  excess  of  both 
phases),  under  slightly  different  conditions  it  was  possible  to  ob¬ 
serve  a  cloud  point  and  to  make  use  of  this  phenomenon  for 
solubility  determinations.  The  technique  employed  wras  the  same 
as  that  described  belowr.  The  data  shown  in  Table  I  and  Figure 
1  are  averages  of  twro  or  more  determinations.  Duplicate  deter¬ 
minations  gave  cloud  points  agreeing  within  1°  C.,  except  in  the 
case  of  0.120%  water  in  styrene,  where  the  agreement  wras  within 
about  3°  C.  Cloud  points  at  0.040%  water  wrere  very  faint. 
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Figure  2.  Solubility  of  Styrene  in  Water 
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SOLUBILITY  OF 
STYRENE  IN  WATER 

The  solubility  of 
styrene  in  water 
was  determined  by 
means  of  the  form¬ 
aldehyde-  sulfuric 
acid  reagent  ( 1 ) 
and  cloud  point  ob¬ 
servations.  (Table 
II  and  Figure  2). 
The  value  shown 
for  7°  C.  by  form¬ 
aldehyde-sulfuric 

acid  reagent  is  the 
mean  of  three  deter- 
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Table  II.  Solubility  of  Styrene  in  Water 

Solubility  of  Styrene 


Temperature 

in  Water 

°  C. 

% 

Formaldehyde-Sulfuric  Acid  Reagent 

7 

0.029 

24 

0.033 

32 

0.036 

40 

0  040 

51 

0.045 

Cloud  Point 

15 

0.025 

25 

0.031 

44 

0.040 

49 

0.045 

56 

0.050 

05 

0.058 

minations.  The  one  shown  for  25°  C.  is  the  mean  of  two  deter¬ 
minations;  all  other  data  are  single  determinations  only. 

During  the  course  of  the  solubility  determinations  by  means 
of  the  formaldehyde-sulfuric  acid  reagent  it  was  observed  that 
the  system  styrene-in-water  exhibited  a  pronounced  and  seem¬ 
ingly  sharp  cloud  point  whenever  the  temperature  was  decreased 


from  a  higher  value  at  which  equilibrium  conditions  had  existed. 
Use  was  made  of  this  phenomenon  to  obtain  further  data  on  the 
solubility  of  styrene  in  water  according  to  the  following  pro¬ 
cedure: 

A  sample  of  styrene  in  water  having  a  known  styrene  conteni 
was  prepared  and  immersed  in  the  water  bath.  The  tempera¬ 
ture  of  the  bath  was  raised  slightly  above  the  temperature  re¬ 
quired  for  complete  solubility  of  the  styrene  phase  in  the  watei 
phase  and  the  sample  shaken  to  ensure  homogeneity.  Then  thf 
bath  temperature  was  allowed  to  decrease  slowly  and  the  tem¬ 
perature  at  which  the  first  cloudiness  of  the  sample  occurred  wa- 
recorded  as  the  cloud  point. 

The  cloud  point  exhibited  by  this  system  appeared  to  be  vert 
sharp,  as  the  samples  passed  from  a  state  in  which  they  were 
clear  to  one  in  which  they  were  cloudy  within  1  °  C.  The  cloud 
point  data  shown  in  Table  II  and  Figure  2  are  averages  of  frorr 
two  to  eight  separate  determinations.  Cloud  points  at  0.025C 
styrene  in  water  were  very  faint. 

LITERATURE  CITED 

(1)  Morris,  H.  E.,  Stiles,  R.  B.,  and  Lane,  W.  H.,  Ind.  Eng.  Chem. 

Anal.  Ed.,  18,  294  (1946). 

(2)  Smith,  T).  M.,  Bryant,  W.  M.  D.,  and  Mitchell,  J.  Jr.,  J.  Am 

Chem.  Soc.,  61,  2407  (1939). 


Excessively  High  Riboflavin  Retention  during 

Braising  of  Beef 

A  Comparison  of  Methods  of  Assay 
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The  University  of  Chicago,  Chicago,  III. 


By  comparison  of  values  obtained  with  several  variations  in  the  fluoro- 
metric  procedure  for  riboflavin  as  well  as  by  comparison  of  fluoro- 
metric  with  microbiological  values,  no  explanation  could  be  found 
for  the  excessively  high  retentions  encountered  during  braising  of 
beef.  Critical  comparison  of  several  current  schemes  for  calculating 
cooking  retentions  in  meats  disclosed  no  fallacies  in  the  method  em¬ 
ployed  that  could  bring  about  falsely  high  results.  It  is  suggested  that 
there  may  be  liberation  of  riboflavin  during  cooking  from  a  precursor 
or  complex  of  such  a  nature  that  neither  the  chemical  nor  the  micro¬ 
biological  assays  include  it  as  “riboflavin”  in  the  uncooked  tissue. 


THIS  investigation  grew  out  of  the  results  obtained  in  a  series 
of  determinations  of  retention  of  riboflavin  during  the  brais¬ 
ing  of  beef  roasts.  In  19  such  experiments  on  heel-of-round  and 
chuck  cuts,  Tucker  ( 25 )  had  obtained  an  average  total  riboflavin 
retention  of  110%  with  15  of  the  retentions  above  100%;  the 
latter  were  in  the  range  of  102  to  129%,  with  12  above  105%. 
Such  a  trend  was  too  pronounced  to  be  dismissed  as  resulting  from 
experimental  errors  in  a  fluorometric  method  which  in  85  recovery 
determinations  of  crystalline  riboflavin  added  to  31  different 
samples  of  raw  beef,  31  samples  of  cooked  beef,  and  23  samples 
of  beef  drippings  gave  76  recoveries  between  90  and  105%  with 
the  remaining  9  between  83  and  111%. 

It  was  possible,  nevertheless,  that  some  constant  error  in  the 
method  not  exposed  by  recovery  experiments,  such  as  incomplete 
extraction,  incomplete  enzyme  hydrolysis  in  the  raw  sample,  or 
inadequate  elimination  of  nonspecific  fluorescent  material  in  the 
cooked  muscle  or  drippings,  could  account  for  the  trend  to  exces¬ 
sively  high  cooking  retentions.  Furthermore,  the  method  of 


calculating  the  cooking  retention  figures  might  be  responsible  fo 
erroneously  high  results. 

In  the  attempt  to  obtain  evidence  on  these  points  two  sets  o 
experiments  were  carried  out.  In  the  first,  two  braising  experi 
ments  compared  results  obtained  by  the  fluorometric  techniqu 
employed  by  Tucker  {25)  with  those  from  four  other  fluorometri 
procedures,  and  wdth  fluorometric  and  microbiological  results  oh 
tained  on  the  same  samples  by  another  laboratory.  In  the  seconc 
samples  from  a  series  of  six  braising  experiments,  including  bot 
chuck  and  heel-of-round  cuts,  were  used  to  make  more  extensiv 
comparisons  between  the  fluorometric  method  originally  err 
ployed  and  the  microbiological  method. 

To  consider  the  validity  of  the  scheme  of  calculation  used  t  > 
figure  cooking  retentions,  indirect  evidence  is  here  presented. 

The  fluorometric  method  which  Tucker  had  used  in  her  brai; 
ing  studies  was  a  slightly  modified  procedure  of  that  describe 
for  vegetables  by  Brush,  Hinman,  and  Halliday  (3),  further  d< 
tails  of  which  are  reported  under  “Experimental  Methods”.  1 
included  a  digestion  of  the  samples  with  Clarase ;  adsorption  o 
Florisil,  originally  suggested  by  Ferrebee  (7)  and  Conner  an 
Straub  (4);  oxidation  of  eluates  with  potassium  permanganat 
as  described  by  these  authors;  determination  of  individu; 
eluate  blanks  made  by  exposure  to  light  as  suggested  by  Najja 
{15)  and  applied  to  assays  of  cereals  by  Wright  and  Booth  {27 
and  determination  of  “internal”  standards  as  employed  by  a  nun 
ber  of  workers  when  determining  fluorescence  in  digests  directl 
{8,  18,  16,  19)  or  in  eluates  {1,  2,  12). 

Since  the  question  of  adequate  elimination  of  interfering  m; 
terials  which  might  either  enhance  or  depress  fluorescence  reac 
ings  was  to  be  studied,  it  was  decided  to  select  four  methoc 
which  combined  purification  steps  such  as  adsorption  and/or  pe 
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langanate  oxidation  with  various  procedures  for  preparing 
tanks.  The  methods  chosen  for  comparison  were  two  developed 
>y  Andrews  et  al.  which,  like  the  original  method  (Method  1),  em- 
loyed  Florisil  adsorption  but  differed  either  by  omission  of  the 
xidation  step  (Method  2,  2)  or  by  its  application  before  adsorp- 
ion  (Method  3, 1 ),  as  well  as  by  use  of  sodium  hydrosulfite  to  pre- 
are  blanks;  and  two  which  did  not  include  adsorption  but 
aried  from  each  other  in  the  steps  for  purification  of  digests  and 
echniques  for  blanks.  These  were  the  procedures  of  Peterson, 
Iradv,  and  Shaw  (Method  4,  16)  and  of  Kahler  and  Davis  (,9) 
dapted  to  beef  by  McLaren,  Cover,  and  Pearson  (Method  5,  18). 
In  making  these  comparisons  in  which  the  fluorometric  tech- 
iques  per  se  were  under  scrutiny,  identical  digests  were  used, 
roceeding  separately  after  enzyme  digestion  and  clearing  by 
entrifugation.  Preliminary  comparisons  had  shown  no  increase 
l  riboflavin  values — that  is,  better  extraction — on  conducting 
he  acid  extraction  at  100°  instead  of  70°  C.  (used  in  all  earlier 
ork  as  well  as  in  these  experiments),  nor  had  they  shown  im- 
roved  extraction  or  hydrolysis  of  bound  riboflavin  when  papain 
nd  takadiastase  instead  of  Clarase  had  been  used  for  enzyme 
igestion.  This  is  in  agreement  with  the  results  of  Peterson  et  al. 
16)  on  pork  products. 

On  the  other  hand  preliminary  comparison  of  a  2-hour  period 
i)  for  Clarase  incubation  (0.4  gram  per  100  ml.,  pH  4.5,  and 
8°  C.)  with  “overnight”  incubation  had  left  no  doubt  as  to  the  in- 
dequacy  of  the  2-hour  period,  whether  resulting  from  unadsorb- 
bility  of  “combined  riboflavin”  as  convincingly  suggested  by 
losner,  Lerner,  and  Cannon  (18),  from  incomplete  extraction,  or 
om  a  less  intensive  fluorescence  of  some  bound  form.  One  of 
ae  latter  two  possibilities  would  seem  necessary  to  explain  the 
ime  type  of  result  reported  on  pork  by  Peterson  et  al.  when  no 
dsorption  was  included.  These  authors  adopted  a  24-hour 
eriod  for  Clarase  digestion,  but  in  the  present  study  a  20-hour 
eriod  was  chosen  as  the  longest  period  which  was  compatible 
ith  continuing  the  assays  on  the  day  following  the  start  of  the 
nalysis.  However,  in  eight  comparisons  on  older  samples, 
either  20-  nor  24-hour  incubation  yielded  values  consistently  or 
gnificantly  higher  than  the  16-  or  18-hour  values.  In  only  one 
ach  comparison  were  definitely  higher  results  obtained  after  the 
>nger  periods  and  they  showed  no  advantage  for  the  raw  sample, 
nee  the  results  on  the  cooked  one  were  increased  even  more  than 
n  the  raw.  It  was  tentatively  concluded  that  in  the  earlier 
cudy  the  high  cooking  retentions  could  not  have  resulted  from 
;ss  complete  hydrolysis  of  the  raw  than  of  the  cooked  muscle 
nd  that  the  16-  to  18-hour  incubation  periods  then  used  were 
robably  adequate  for  both. 

In  this  study  the  case  for  complete  extraction  and  hydrolysis 
jests  on  comparison  with  the  microbiological  results  submitted 
y  the  Wisconsin  group  in  the  first  experiment  and  more  espe- 
ially  on  the  more  numerous  comparisons  with  microbiological 
alues  reported  here  as  the  second  set  of  experiments. 


EXPERIMENTAL  METHODS 

Cooking  and  Preparation  or  Samples.  First  Experiment. 
wo  raw  samples,  the  paired  second  rib  chuck  roasts,  were  taken 
om  the  same  animal.  The  pieces  taken  for  cooking  were  the  con- 
guous  first  rib  chuck  roasts.  One,  No.  34,  was  braised  without 
taring  and  the  other,  No.  35,  was  braised  after  searing.  Each 
as  cooked  without  seasoning  until  the  internal  temperature  of 
le  roast  reached  93°  C.  By  this  arrangement  it  was  hoped  to 
etermine  whether  there  wras  any  difference  in  uncooked  chucks 
iken  from  the  right  and  left  side  of  the  carcass  as  regards  the 
boflavin  value  per  gram  of  fat-free  dry  weight — in  earlier  experi¬ 
ments  on  paired  roasts  one  was  analyzed  raw  and  one  cooked, 
a  addition,  evidence  wras  sought  as  to  whether  searing  might 
!e  a  factor  in  bringing  about  high  cooking  retention  results  by 
uorometric  determinations. 

All  meat  samples  wTere  ground  twice  and  mixed  with  an  electric 
lixer  after  each  grinding  to  secure  homogeneity.  Samples  of 
oth  the  raw  and  cooked  meat  and  of  drippings  were  frozen  and 
■nt  to  the  University  of  Wisconsin  for  microbiological  deter- 
lination. 


Second  Experiment.  Four  boneless  chuck  and  three  heel-of- 
round  roasts  were  used.  These  had  been  braised  and  the  raw 
and  cooked  parts  prepared  for  sampling  by  Meyer  for  an  investi¬ 
gation  on  pantothenic  acid  and  niacin  retentions  in  cooking  of 
beef  (lli). 

Calculation  for  Cooking  Retention,  Both  Experiments. 
In  order  to  calculate  cooking  retention  it  was  necessary  to  deter¬ 
mine  the  fat-free  dry  residues  of  all  the  samples.  The  fat-free 
dry  weights  were  used  to  calculate  the  total  original  riboflavin  _ 
content  of  the  cooked  roast  in  its  raw  state  by  the  following 
formula : 


Total  riboflavin  before  cooking  = 
micrograms  per  gram  (raw  analysis) 


X  (cooked  roast  weight  X 


%  fat-free  dry  weight  raw 
%  fat-free  dry  weight  cooked  plus  drippings  weight  X 

%  fat-free  dry-weight  drippings) 


Cooking  retentions  were  then  based  on  the  total  riboflavin 
contents  of  each  of  the  cooked  parts  in  relation  to  the  above  cal¬ 
culated  total  before  cooking. 

Fat-Free  Dry-Residue  Determinations,  Both  Experi¬ 
ments.  These  were  done  in  triplicate  on  raw  and  cooked  meat 
and  on  drippings. 

Meat.  Approximately  10-gram  samples  weighed  by  difference 
from  weighing  bottles  w'ere  spread  over  the  walls  of  Alundum  ex¬ 
traction  shells  and  dried  to  constant  weight  (within  0.01  gram) 
in  a  vacuum  oven  at  95°  C.  and  less  than  100  mm.  of  mercury 
pressure  for  6  to  12  hours.  Then  dry  samples  within  the  shells 
w'ere  extracted  with  ether  for  40  to  48  hours  in  Soxhlet  extractors. 

Drippings.  Approximately  10-gram  samples  of  drippings  were 
extracted  three  times  with  10-ml.  portions  of  ethyl  ether  by  thor¬ 
ough  shaking  in  weighed  Maizel-Gerson  (thiochrome)  reaction 
vessels  into  which  the  samples  had  been  weighed.  After  5  min¬ 
utes  or  more  of  centrifuging  the  ether-fat  layer  could  be  quantita¬ 
tively  removed  with  a  capillary  pipet  each  time.  The  water 
suspensions  left  were  evaporated  to  dryness  by  immersion  of  the 
vessels  in  a  boiling  water  bath  and  finally  brought  to  constant 
weight  in  a  vacuum  oven.  Thus  the  fat-free  dry  residues  were 
weighed  directly. 

Preparation  of  Digests  for  Fluorometric  Riboflavin 
Determination,  Both  Experiments.  Meat.  Digests  for  ribo¬ 
flavin  determinations  w'ere  made  by  blending  50-gram  portions 
each  of  raw  and  of  cooked  ground  meat  with  300  ml.  of  0.1  JVsulluric 
acid  in  a  Waring  Blendor  for  3  minutes.  Aliquots  of  these  blends 
equivalent  to  about  13  grams  of  meat  were  weighed  into  diges¬ 
tion  bottles  (250-ml.  centrifuge  bottles)  and  the  volume  of  acid 
W'as  brought  up  to  200  ml.  The  digests  were  stirred  with  electric 
stirrers  for  one  hour  at  70°  C.,  protected  from  light.  They  were 
then  cooled  and  incubated  with  0.8  gram  of  Clarase,  making  its 
concentration  approximately  0.4%  during  incubation  at  pH  4.3 
to  4.5  and  45°  to  48°  C.  for  at  least  20  hours. 

Drippings.  Digests  of  the  drippings  were  prepared  by  first 
quickly  transferring  with  a  wide-ended  pipet  about  10-  or  20- 
gram  aliquots  from  well-shaken  suspensions  kept  at  about  50°  C. 
to  weighed  50-  or  100-ml.  volumetric  flasks,  respectively,  and 
weighing  these  after  cooling.  Thirty  or  60  ml.  of  0.1  N  sulfuric 
acid  and  sufficient  sodium  acetate  plus  Clarase  were  then  added 
to  bring  the  pH  and  Clarase  concentration  to  about  the  same  level 
as  used  for  muscle  samples  during  incubation,  with  temperature 
and  time  the  same  for  all. 

Clarification  of  Digests  of  Meat  and  Drippings.  Following  incu¬ 
bation,  5  ml.  of  chloroform  wrere  added  to  each  bottle  or  flask  to 
dissolve  the  fat  and  take  it  to  the  bottom.  Then  each  was 
brought  up  to  volume  (230  to  245  ml.  for  the  meat  digests  and  50 
or  100  ml.  for  the  drippings),  shaken  thoroughly,  and  centrifuged 
to  clear.  The  volume  of  digest  was  taken  as  the  capacity  of  the 
bottle  or  flask  minus  5  ml.  for  the  chloroform,  except  that  in 
samples  of  meat  drippings  in  the  second  series  of  experiments, 
the  complete  flask  contents  were  transferred  to  50-ml.  graduated 
centrifuge  tubes  and  the  volumes  of  the  chloroform-fat  layers 
thus  determined  were  used  as  the  corrections  on  total  volumes. 


The  swelling  effect  of  fat  on  the  chloroform  layer  would  be  appreci¬ 
able  only  in  the  case  of  drippings,  and  for  the  dripping  samples  used 
in  the  first  series  of  experiments  it  was  later  estimated  to  be  about  3 
ml.  Since  these  were  made  to  100-ml.  volumes,  riboflavin  values  of 
the  drippings  as  determined  in  this  series  were  probably  about  3% 
too  high,  resulting  in  percentage  figures  for  riboflavin  retentions  in 
the  drippings  too  high  by  about  1%  and  therefore  negligible  so  far 
as  the  total  picture  is  concerned.  The  authors  are  grateful  to  E.  E. 
Rice  of  Swift  and  Co.  for  bringing  this  error  to  their  attention. 

Up  to  this  point  all  operations  wrere  carried  out  in  a  semi- 
darkened  room  and  the  digests  wrere  protected  from  light  as 
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Table  I.  Riboflavin  in  Clarasea 


Method  1, 

Method  2, 
No 

Method  3, 
KMnOi 

Method  4, 
No 

Oxidation, 

No 

Method  5, 
Filtration  at 

Adsorption, 

Oxidation, 

Oxidation, 

Adsorption, 

pH  6. 8-7.0, 

KMnOs 

Adsorption, 

Adsorption, 

NarS^CL 

No 

Sam¬ 

Oxidation, 

Na2§204 

Na2S204 

Blanks 

Adsorption, 

ple 

Light 

Blanks 

Blanks 

(Solution 

NaOH 

No. 

Blanks 

(10-20  Mg.) 

(10-20  Mg.) 

0.5  Ml.) 

Blanks 

y/g. 

y/g. 

y/g. 

y/g. 

y/g. 

A 

2.2 

8.5 

B* 1 2 3 4 * 6 

3.2 

7.1 

10.2 

C 

7.0 

12  .'9 

9.8 

15 . 4 

5.1 

a  Replicate  determinations  (2  or  3)  on  samples  B  and  C  were  carried 
out  in  extracts  of  Clarase  of  concentrations  near  0.013  gram  per  ml.  Deter¬ 
minations  on  sample  A  and  one  additional  series  on  sample  C  were  done  on 
extracts  one  fourth  as  concentrated.  Average  values  of  replicates  are 
shown. 

b  Two  microbiological  determinations  which  were  not  in  good  agreement 
gave  values  of  3.6  and  4.4  y  Per  gram  on  this  sample.  No  microbiological 
values  were  obtained  on  the  other  two  samples. 


much  as  possible.  All  subsequent  operations  were  done  in  a  dark 
room  except  when  solutions  were  in  brown  bottles. 

Fluorometric  Methods.  First  Experiment.  After  centri¬ 
fuging  the  digests,  aliquots  were  taken  for  each  method  of  analysis 
outlined  below: 

1.  Adsorption,  Potassium  Permanganate  Oxidation,  Photolyzed 
Blanks.  Aliquots  of  25  ml.  were  adsorbed  on  10-  to  11-cm.  columns 
of  Florisil  (2.0  to  2.3  grams).  Elution  with  pyridine-acetic  acid 
reagent  (4)  was  carried  to  45  ml.  and  duplicate  10-ml.  aliquots  plus 
1  ml.  of  reagent  were  oxidized  with  1  ml.  of  4%  potassium  permanga¬ 
nate  followed  by  1  ml.  of  3%  hydrogen  peroxide.  The  preparation  of 
blanks  and  “internal”  standards  in  separate  qliquots  as  well  as  the 
photoflu orometry  were  the  same  as  those  described  by  Brush  et  at. 
(3). 

2.  No  Oxidation,  Adsorption,  Sodium  Hydrosulfite  Blanks.  The 
adsorption  and  elution  were  the  same  as  in  Method  1  but  Andrews’ 
{2)  method  for  treatment  of  eluates  was  followed  with  a  modification 
of  volumes.  Three  10-ml.  aliquots  of  the  eluate  were  read,  one  with 
1  ml.  of  added  riboflavin  solution  for  the  internal  standard,  and  the 
other  two  with  1  ml.  each  of  added  reagent.  Blanks  were  obtained 
by  reading  each  of  these  immediately  after  mixing  with  10  to  20  mg. 
of  crystalline  sodium  hydrosulfite. 

3.  Potassium  Permanganate  Oxidation,  Adsorption,  Sodium 
Hydrosulfite  Blanks.  The  modified  method  of  Andrews  ( 1 )  was 
followed  except  that  after  the  prescribed  permanganate  treatment  of 
25-ml.  aliquots  of  digests,  adsorption  and  elution  were  carried  out  as 
in  Methods  1  and  2.  Again  10-ml.  instead  of  14-ml.  aliquots  of  the 
eluates  were  read.  After  addition  of  internal  standards,  volume  cor¬ 
rections  were  adjusted  to  the  volumes  employed.  Blanks  were  read 
without  delay  as  in  2. 

4.  No  Oxidation,  No  Adsorption,  Sodium  Hydrosulfite  Blanks. 

The  technique  of  Peterson,  Brady,  and  Shaw  (16)  was  followed  ex¬ 

actly  on  5-ml.  aliquots  of  the  beef  digests. 


5.  Removal  of  Interfering  Substances  at  pH  6.8  to  7.0,  No  Ad¬ 
sorption,  Sodium  Hydroxide  Blanks.  The  technique  described 
by  McLaren,  Cover,  and  Pearson  (13)  was  applied  to  the  Clarase 
digests  of  beef  but  otherwise  followed  exactly. 

Preliminary  to  analyzing  beef  by  the  different  methods,  a  di¬ 
gest  of  Clarase  alone  was  made,  using  four  times  the  concentra¬ 
tion  of  Clarase  usually  employed  in  the  meat  digest,  and  replicate 
determinations  of  the  Clarase  blank  values  appropriate  to  each 
of  the  five  fluorometric  methods  were  made  on  this. 

Second  Experiment.  The  technique  for  fluorometric  assays 
was  the  same  as  Method  1  in  the  first  experiment  . 

Microbiological  Assays.  Second  Experiment  Only.  _  The 
method  of  Snell  and  Strong  as  modified  by  Strong  and  Carpenter 
(24)  was  used,  with  one  slight  modification  in  preparation  of 
neutralized  filtrates  of  the  digested  samples.  Although  cleai 
filtrates  from  the  autoclaved  digests  were  obtained  at  pH  4.5. 
the  aliquots  neutralized  to  pH  6.8  sometimes  became  slightly 
cloudy  and,  in  one  preliminary  experiment,  slight  drifts  were  ob¬ 
served  in  microbiological  values  which  were  not  eliminated  by 
ether  extraction.  However,  the  solutions  heated  just  to  tin 
boiling  point  at  pH  6.8,  quickly  cooled,  made  to  volume,  and  fil¬ 
tered,  were  clear  again  and  gave  microbiological  values  without 
drift.  It  was  not  necessary  to  treat  drippings  filtrates  in  this  man¬ 
ner. 

DISCUSSION  OF  RESULTS 

First  Set  of  Experiments.  The  results  on  Clarase  alone  are 
given  in  Table  I.  Sample  C,  used  in  this  study,  shows  the  same 
wide  variation  obtained  by  the  several  techniques  in  the  ribo¬ 
flavin  values  per  gram  of  Clarase  as  had  been  found  in  previou- 
experiments  with  other  samples  of  Clarase  (A  and  B,  older  lots 
in  use  in  this  laboratory  in  1942  and  1943,  respectively)  using 
several  of  these  methods.  Such  results  seem  to  indicate  thai 
some  of  these  fluorometric  methods  are  not  measuring  all  the 
riboflavin  or  that  others  are  measuring  other  fluorometric  material- 
in  the  Clarase.  Since  such  large  differences  are  surprising,  Table 
II  is  presented  to  show  a  typical  series  of  fluorometric  readings  or 
sample  C,  from  which  the  values  per  gram  of  Clarase  have  beer  > 
calculated.  When  account  is  taken  of  appropriate  blank  correc¬ 
tions,  internal  standard  readings,  and  dilution  factors,  the  rela¬ 
tion  of  these  readings  to  final  values  is  obvious. 

To  make  direct  comparison  of  readings  in  Methods  1,  2,  and  ■: 
possible,  the  readings  of  Method  1  are  also  shown  calculated  tr 
the  basis  of  1 1  ml.  for  final  volume.  It  can  then  be  seen  that  twe  | 
thirds  of  the  difference  between  Methods  1  and  3  results  fron 
the  different  technique  in  preparing  the  blanks.  Apparent!} 
some  of  the  permanganate-stable  and  light-stable  fluorescence  o  { 
Clarase  is  not  stable  to  sodium  hydrosulfite  and  is  therefore  in¬ 
cluded  as  “riboflavin”  in  Method  3.  Method  2  includes  with  tht 
hydrosulfite-stable  and  with  the  hydrosulfite-unstable  fluoresceno 
some  fluorescence  which  could  be  de  l 
stroyed  by  permanganate,  and  Method  - 
presumably  further  adds  to  these  som 
which  could  be  eliminated  by  adsorp 
tion.  The  readings  in  Method  4  ob  T 
viously  are  not  directly  comparable  b 
the  other  three,  since  not  only  are  tb 
volumes  somewhat  different  but  th< 
riboflavin  fluorescence  is  more  intense  ii  . 
the  buffered  water  extract  than  in  tb 
pyridine-acetic  solution  and  the  instru 
ment  was  set  at  a  lower  sensitivity  fo 
these  readings. 

Further,  comparison  of  “external 
standard  readings  indicates  that  then 
is  a  marked  “quenching”  effect  on  tht 
fluorescence  of  the  “internal”  (added 
riboflavin  in  all  the  three  methods  ir 
which  the  oxidation  step  is  omitted 
Methods  2,  4,  and  5. 

In  the  corrected  readings  for  foot 
eluates,  however,  variations  due  t<  ■ 
Clarase  are  canceled  out  by  the  appliea 


Table  II.  Fluorophotometer  Readings  on  Clarase  Sample  C“  by  Different 

Fluorometric  Techniques 

Digest  represented  in  aliquot  read,  ml. 

Final  volumes  of  aliquots,  ml. 

a.  Eluate  or  digest 

b.  Eluate  or  digest  +  1  y  standard 

c.  Blank 

Sensitivity  setting  of  instrument,  so¬ 
dium  fluorescein  standard 
Fluorophotometer  readings' 

a.  Eluate  or  digest 

b.  Eluate  or  digest  +  1  y  standard 

c.  Blank 
Calculated 

Reading  for  riboflavin  in  eluate  or 
digest  (a  —  c) 

Reading  for  1  7  “internal”  standard 
(b  —  a) 

Reading  for  1  y  “external”  standard 
under  same  conditions 

°  Concentration  of  Clarase  in  digest,  u.vi^o  gram  per  mi. 
b  10/45  X  25. 

,  ,  C  aYeraJ-e  but  typical ;  all  readings  made  with  optical  system  suggested  by  Conner  and  Straub 
14)  •  Corning  filter  511  only  for  incident  light  and  No.  351  for  fluorescent  light. 

“  Calculated  to  11-ml.  volume  for  comparison  with  Methods  2  and  3 
e  (a  —  1.05  c). 

/  (0.937  a  —  c)  for  5  ml.  of  digest  in  16  ml. 

0  (b  —  0.937  a)  for  1  y  in  16  ml. 


Method 

Method 

Method 

Method 

Methoc 

1 

2 

3 

4 

5 

5 . 55 

b 

5 . 5ob 

5 . 556 

5 

5 

13 

11 

11 

10 

15 

13 

11 

11 

10 

16 

13 

11 

11 

10.5 

16.05 

70 

70 

70 

55 

70 

22.8 

26.84 

39.1 

29.5 

66.1 

67.0 

52 . 5 

61.9 

70.0 

65 . 5 

98.2 

89.4 

7.9 

9.1 

10.5 

4.4 

34.1 

54.2 

14.9 

17.7 

28.6 

25.1 

31. 3e 

8.8/ 

29.7 

35 . 1 

30.9 

36.0 

32.1 

26.6  0 

30.0 

35.4 

36.3 

36.3 

43.9 

34.0 

ilay,  1946 
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Method 

Method 

Method 

Method 

Method 

1 

2 

3 

4 

5 

28.7 

40.4 

37.3  (11 

ml.) & 

51.8 

49.9 

59.1 

75.8 

68.5  (12 

ml.) 

91.0 

79.9 

5.5 

7.7 

4.8  (12 

ml.) 

11.5 

22.8 

23.2 

32.7 

29. 4C 

39. 7C 

23. 9C 

30.4 

35.4 

34.34 

39.2 

33 . 2  4 

30.5 

•37.4 

36.5  (12 

ml.) 

43.6 

34.4 

3.7 

0.23  7 

0. 17  7 

0.25  7 

0.083 

Table  III.  Fluorophotometer  Readings  on  Raw  Beef  Sample  35" 


Fluorophotometer  readings  & 

a.  Eluate  or  digest 

b.  Eluate  or  digest  +  1  7  standard 

c.  Blank 
Calculated 

Reading  for  riboflavin  in  eluate  or 
digest  (a  —  c) 

Reading  for  1  7  “internal”  standard 
(b  —  a) 

[leading  for  1  7  “external”  standard 
under  same  conditions 
Correction  for  Clarase  “riboflavin’ 

On  reading  of  aliquot  of  eluate 

On  calculated  7  of  “riboflavin”  per 
aliquot  of  eluate  or  digeste 

a  Concentration  of  beef  in  digest,  0.0526  gram  per  ml.;  of  Clarase,  0.0032  gram  per  ml. 

&  Volume  of  digest  represented  in  aliquot  read,  final  volumes  of  aliquots,  sensitivity  setting  of  instru- 
nent,  and  optical  system  same  as  shown  in  Table  II  for  readings  on  Clarase  except  for  variation  in  final 
volumes  in  Method  3,  indicated  above. 

c  For  Method  3  (0.917  a  —  c),  for  Method  5  (0.937  a  —  c),  for  Method  4  (a  —  1.05  c ). 

d  For  Method  3  (6  -  0.917  a),  for  Method  5  (b  -  0.937  a). 

e  Correction  for  Clarase  not  applied  directly  as  reading  correction  in  Methods  2,  4,  and  5,  because 
‘quenching”  effect  of  4-fold  concentration  of  Clarase  was  greater  (Table  II)  than  “quenching”  in  beef 
iigests  with  l/\  as  much  Clarase  content.  In  Method  3  correction  also  made  in  7  because  of  inadvertent 
variation  in  final  volume  in  this  experiment. 


tion  of  the  proper  “riboflavin”  correction  for  Clarase  in  each 
type  of  assay.  The  nonriboflavin  fluorescence  from  the  beef 
tself,  at  least  in  eliiates,  is  not  so  large  or  so  variable  by  the 
various  techniques.  Table  III  shows  a  typical  set  of  fluoro- 
oaetric  readings  on  a  raw  beef  sample,  No.  35,  with  appropriate 
Clarase  corrections. 

The  riboflavin  values  for  beef  and  drippings  did  not  vary 
greatly  by  the  different  techniques.  Table  IV  includes  the 
average  values  obtained  in  this  laboratory  from  four  determina¬ 
tions,  two  on  the  fresh  samples  and  two  after  3  weeks’  frozen 
storage,  by  each  fluorometric  method,  as  well  as  single  micro¬ 
biological  and  fluorometric  values  obtained  by  the  University 
of  Wisconsin  laboratory  on  the  frozen  samples.  [Mclntire 
et  al.  (12)  have  reported  the  methods  of  assay  in  use  in  that  labora¬ 
tory  at  about  this  time.  Their  fluorometric  technique  was  essen¬ 
tially  like  Method  3  in  these  experiments.  ] 

To  check  for  the  possible  loss  of  riboflavin  and  for  the  adequacy 
of  these  methods  as  a  whole,  single  recovery  determinations  were 
included  for  each  sample  by  each  method  studied  (Table  V) .  Ex¬ 
cept  for  Method  1,  there  was  a  wider  variation  in  the  percentage 
recovery  of  riboflavin  by  these  different  methods  than  is  de¬ 
sirable,  but  the  lower  recoveries  were  not  limited  to  the 
methods  including  adsorption.  Good  recoveries  in  analyses 
of  canned  vegetables  and  fruits  (3)  as  well  as  fresh  vegetables 
have  also  been  obtained  by  this  method  {22,  26). 

From  Table  IV,  it  is  noted  that  for  both 

raw  and  cooked  muscle  samples,  the  _ 

method  including  no  oxidative  step  nor 
adsorption,  but  using  a  hydrosulfite  blank, 

Method  4  (Peterson  et  al.),  gave  definitely 
higher  results  than  all  others.  This  might 
indicate  that  a  small  amount  of  nonspecific 
fluorescent  material  eliminated  by  hydro¬ 
sulfite  is  included  as  riboflavin  in  the 
analysis  of  the  muscle  samples  by  Method 
4,  and  is  eliminated  by  adsorption  in 
other  methods.  This  seems  to  be  a  safe 
deduction  because  the  standard  recovery 
.  tests  do  not  indicate  an  excessive  loss  of 
j  riboflavin  itself  during  adsorption.  In 
.  Method  5  the  use  of  alkali  for  a  blank 
determination  would  seem  to  account  for 
the  difference  from  Method  4,  since  no 
appreciable  precipitation  was  obtained  at 
pH  6.8  to  7.0,  and  this  filtration  step  thus 
would  hardly  seem  responsible  for  re¬ 
moving  interfering  materials.  However, 


if  extra  fluorescent  materials  are  so 
included  in  Method  4,  they  seem  to 
be  reasonably  proportional  in  cooked 
and  raw  samples,  since  cooking  reten¬ 
tions  in  the  roast  (Table  VI)  obtained 
by  using  Method  4  are  in  line  with  the 
others. 

In  this  experiment,  although  there 
were  consistently  higher  retentions  of 
riboflavin  found  in  both  seared  muscle 
and  drippings  as  compared  to  unseared 
ones  in  all  fluorometric  methods  (except 
in  drippings  by  the  Wisconsin  fluoro¬ 
metric  method),  it  would  be  unreason¬ 
able  to  ascribe  this  trend  to  extra  non¬ 
specific  fluorescent  substances  in  the 
seared,  since  the  microbiological  values 
show  a  comparable  difference  in  the 
same  direction.  Although  the  two 
roasts  were  presumably  almost  alike 
in  riboflavin  content  before  cooking, 
judging  from  the  results  on  the  paired  raw'  cuts  (Table 
IV),  and  although  application  of  the  “t”  test  indicated  that  the 
difference  between  the  riboflavin  retentions  of  the  seared  and  un¬ 
seared  roasts,  though  small,  is  significant,  caution  must  be  used 
in  assigning  the  cause  to  the  searing  itself.  This  seems  especially 
important  because  in  12  other  experiments  on  quicker  methods 
of  cooking  beef,  such  as  frying  and  broiling  of  steaks,  extensive 
searing  was  carried  out  and  yet  retention  of  riboflavin  exceeded 
100%  in  only  3  instances  with  only  one  of  these  as  high  as  106% 
(25). 

Thus,  the  comparison  of  fluorometric  techniques  exposed  no 
distorted  relationships  between  the  assay  results  on  cooked  sam¬ 
ples,  seared  or  unseared,  as  compared  to  raw,  and  pointed  to  no 
solution  to  the  problem  of  excessively  high  retentions  of  riboflavin 
in  cooking. 

Second  Set  of  Experiments.  The  values  obtained  by  both 
the  fluorometric  and  microbiological  assays  for  the  riboflavin 
contents  of  four  chuck  roasts  and  two  heel-of-round  roasts  are 
listed  in  Table  VII,  including  results  on  raw  and  cooked  muscles 
and  on  drippings.  Excellent  agreement  is  shown  between  the 
values  obtained  by  the  two  types  of  assays,  although  a  tendency 
to  slightly  higher  values  by  the  microbiological  method  is  notice¬ 
able,  especially  in  the  case  of  drippings  for  the  chuck  roasts.  In 
these,  the  difference  reaches  a  maximum  of  12%,  but  averages 
about  9%.  The  variations  between,  the  two  assays  on  all  the 


Table  IV. 


Comparison  of  Riboflavin  Content  in 
Analyzed  by  Different  Methods 


Beef  Chuck 


Wisconsin 

Laboratory 


Fluorometric  Methods,  Chicago  Laboratory 

Fluoro- 

Micro¬ 

bio- 

Method 

Method 

Method 

Method 

Method 

metric 

logical 

No. 

i 

y/g. 

2 

7/ O’ 

3 

y/g. 

4 

y/g- 

5 

y/g. 

method 

y/g. 

method 

y/o- 

34 

Raw 

Cooked 

2.19 

2.28 

2.27 

2.84 

2.19 

2.15 

2.40 

(unseared) 

2.27 

2.47 

2.30 

2.85 

2.24 

2.40 

y/cc. 

2.42 

y/cc. 

Drippings 

2.33 

2 . 65 

2.47 

2.64 

2.40 

2.92 

y/g. 

2.64 

y/g- 

35 

Raw 

Cooked 

2.07 

2.25  ' 

2.17 

2.67 

2.31 

2.45 

2.20 

(seared) 

2.38 

2.47 

2.43 

2.95 

2.40 

2.81 

y/cc. 

2 . 55 
y/cc. 

Drippings  2.48 

Comparison  of  values  on 

3.05  2.57  3.10 

paired  raw  samples  based  on 

2.92 

fat-free  dry 

3.08 

weight 

y/g. 

2.64 

y/o • 

34 

Raw 

10.53 

10.96 

10.91 

13.65 

10.53 

10.34 

n.54 

35 

Raw 

10.40 

11.31 

10.90 

13.42 

11.61 

12.31 

11.06 

300 
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Table  V.  Percentage  Recovery  of  Crystalline  Riboflavin  Added 
to  Beef  and  Beef  Drippings'1 


Range 

Average 


Method  1 
% 

88-101 

97 


Method  2 

% 

80-121 

99 


Method  3 
% 

81-110 

94 


Method  4 
% 

79-116 

103 


Method  5 
% 

76-126 

90 


a  Ranges  and  averages  of  six  determinations,  one  for  each  sample  of  raw 
and  cooked  meat  and  drippings. 


Table  VI.  Retention  of  Riboflavin  during  Braising 


Wisconsin 

Laboratory 


Fluorometric  Methods,  Chicago  Laboratory 

Fluoro- 

Micro- 

bio- 

Sample 

Method 

Method 

Method 

Method 

Method 

metric 

logical 

No. 

i 

2 

3 

4 

5 

method 

method 

%  ■ 

% 

% 

% 

% 

% 

% 

34 

Roast 

(unseared) 

71 

74 

70 

69 

71 

77 

69 

Drippings 

25 

28 

26 

22 

26 

33 

26 

Total 

96 

102 

96 

91 

97 

109 

95 

35 

Roast 

(seared) 

79 

76 

77 

76 

72 

79 

80 

Drippings 

28 

31 

27 

27 

29 

29 

28 

Total 

107 

107 

104 

103 

101 

108 

108 

chuck  meat  samples  are  from  3  to  6%,  making  an  average  of 
about  5%  by  which  the  microbiological  values  exceed  the  fluoro- 
metric,  both  for  raw  and  cooked  samples.  In  the  two  heel-of- 
round  roasts  all  assays  show  even  closer  agreement. 

As  can  be  readily  deduced  from  these  results,  the  picture  of 
cooking  retentions  would  thus  be  comparable  by  the  two  methods 
of  assay,  with  any  difference  being  in  the  direction  of  higher  re¬ 
tentions  in  the  drippings  and  thus  slightly  higher  total  retentions 
by  microbiological  assays  (Table  VIII). 

In  summary  of  the  total  cooking  retention  picture  it  can  be 
said  that  in  only  one  roast  out  of  seven  was  the  retention  under 
100%,  whereas  among  the  other  six,  ranging  from  101  to  122%, 
four  showed  total  retentions  above  105%.  These  results  corrobo¬ 
rate  earlier  findings,  that  riboflavin  retentions  above  100%  by 
a  significant  amount  are  frequently  obtained  in  beef  braising  ex¬ 
periments.  And  since  the  microbiological  assays  give  similar 
results,  it  can  be  concluded  that  earlier  excessively  high  cooking 
retentions  obtained  in  such  roasts,  with  fluorometric  analyses, 
were  not  due  to  inadequate  extraction  or  hydrolysis  of  the  raw 
sample. 

SCHEME  OF  CALCULATION  OF  COOKING  RETENTION 

The  method  of  calculating  cooking  retentions  on  the  basis  of 
total  fat-free  dry  weight  of  the  cooked  roast  plus  drippings  as¬ 
sumed  no  significant  change  in  the  weight  of  the  fat-free  dry  resi¬ 
due  during  the  cooking  process.  Moreover,  the  B  vitamins 
were  assumed  to  be  present  in  amounts  proportional  to  the  fat- 
free  dry  weights  in  the  original  raw  cuts.  These  assumptions  are 
probably  not  strictly  valid,  but  are  considered  to  be  less  in  error 
for  the  type  of  samples  used  in  this  study  than  the  supposition 
that  their  original  total  vitamin  contents  were  proportional  to 
their  original  moist  raw  weights,  implying  that  the  raw  cuts  of 
meat  contained  the  same  proportion  of  fat.  Moreover,  in  order 
to  calculate  an  original  raw  weight  of  meat  which  is  cooked  while 
attached  to  a  bone,  it  must  be  assumed  that  the  weight  of  the 
bone  did  not  change  significantly  during  cooking.  The  assump¬ 
tion  about  the  homogeneity  of  the  original  raw  samples  obviously 
would  be  more  valid  for  finely  divided  pieces  such  as  boneless  stew 
meat  and  especially  for  lean  pieces  such  as  liver  slices.  It  is  the 
basis  for  the  method  of  calculation  in  which  total  moist  weights 
before  and  after  cooking  are  employed  and  has  been  used  by  Mc- 
Intire  et  al.  (10,  11,  IS)  and  in  most  instances  by  Schweigert  el  al. 
(SO,  SI)  and  by  Rice  and  Robinson  (17).  Even  though  this  type 


of  calculation  seemed  less  valid  for  the  beef  cuts  used  in  this  in¬ 
vestigation,  it  was  decided  to  determine  whether  its  use  would 
greatly  change  the  retention  picture.  The  results  so  calculated 
are  listed  in  the  last  column  of  Table  VIII  and  although  they  are 
lower  on  the  whole,  the  four  highest  are  still  above  105%. 

The  original  method  of  calculation  was  also  considered  as  pref¬ 
erable,  especially  for  this  type  of  cooking,  to  that  employed  by 
Cover  et  al.  (5)  in  dry  roasting  of  beef  rib  roasts  or  that  by  Rice 
and  Robinson  (17)  in  the  vitamin  reten- 

-  tions  during  drying  of  beef.  The  former 

used  simple  ratios  of  vitamin  values  per 
gram  of  fat-free  dry  residues  after  cooking 
to  those  before  cooking  and  the  latter  the 
same  sort  of  ratio  for  vitamin  concentra¬ 
tions  per  gram  of  protein.  Such  calcula¬ 
tions  involve  the  same  initial  assumptions 
as  those  included  in  the  method  which 
was  adopted  in  this  laboratory.  They 
differ  only  in  that  concentrations  of 
vitamins  are  dealt  with  rather  than  totals. 
Such  a  calculation  should  be  entirely  valid 
in  methods  of  processing,  like  the  ones  re¬ 
ported  in  those  papers,  where  no  significant 
loss  of  fat-free  dry  residues  occurs  in  the 
drippings.  However,  in  these  braising  ex¬ 
periments  7.5  to  10%  of  the  original  fat-free  solids  were  found 
in  the  drippings  and,  therefore,  the  method  of  “totals”  is  a  more 
accurate  method  of  calculation. 

If  the  high  retentions,  in  this  present  study,  as  obtained  by 
both  assay  techniques  were  due  to  a  fallacy  in  the  method  of 
calculation  on  the  total  fat-free  dry-weight  basis,  it  would  seem 
that  other  vitamin  retentions  determined  on  the  same  meat  and 
calculated  by  the  same  method  should  tend  to  be  parallel,  even 
though,  because  of  destruction,  they  run  below  100%.  On  this 
presumption,  pantothenic  acid  and  niacin  data  by  Meyer  (14) 
on  the  same  beef  cuts  were  compared  and  no  correlations  in  per 
cent  retention  of  the  different  vitamins  on  the  identical  samples 
were  found. 

Table  VII.  Riboflavin  Values  in  Beef  Roasts 


Fluorometric 


Microbiological 


Sample  No. 

Raw 

Cooked 

Drip¬ 

pings 

Raw 

Cooked 

Drip¬ 

pings 

y/g. 

y/g- 

y/g. 

y/g. 

y/g. 

y/g. 

Chuck 

10 

1.33 

1.65 

1.69 

1.38 

1.73 

1.82 

11 

1.52 

1.90 

2.23 

1.60 

2.00 

2.50 

12 

1.51 

1.52 

2.27 

1.58 

1.59 

2.48 

13 

1.29 

1.44 

1.88 

1.35 

1.53 

2.06 

Av. 

1.41 

1.63 

2.02 

1.48 

1.71 

2.21 

Heel-of-round 

1 

1.69 

1.98 

1.75 

1.72 

2.01 

1.77 

3 

1.58 

2.08 

1.90 

1.57 

2.17 

2.00 

4 

•  .  . 

.  • 

1.83 

2.30 

1.85 

Av.  of  1  and  3 

1.63 

2.03 

1.82 

1.65 

2.09 

1.89 

Moreover,  in  the  frying  and  broiling  experiments  by  Tucker 
(25),  in  which  excessive  retentions  were  not  obtained,  the  calcula¬ 
tions  were  made  by  the  same  scheme  and  the  drippings,  though 
small  in  volume,  were  also  included. 

Therefore,  it  would  seem  safe  to  conclude  that  the  scheme  of 
calculation  is  not  responsible  for  the  excessively  high  cooking 
retentions  obtained  in  braising. 

POSSIBILITY  OF  INCREASE  IN  ASSAYABLE  RIBOFLAVIN  DURING 
COOKING 

Further  support  for  the  idea  that  the  high  riboflavin  results 
sometimes  obtained  in  cooking  are  not  due  to  errors  in  the  ana¬ 
lytical  procedures  can  be  drawn  from  a  few  moderately  high  results 
reported  but  not  always  commented  upon  in  the  literature,  most 
of  them  by  microbiological  assays. 
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Table  VIII.  Riboflavin  Retentions  in  Braised  Beef 

Based  on  Total  Fat-Free  Dry  Weights 


Based  on  Total 


Ro 

Fluoro- 

ast 

Micro- 

bio- 

Drip] 

Fluoro- 

pings 

Micro- 

bio- 

To 

Fluoro- 

tal 

Micro- 

bio- 

Fluoro- 

Micro- 

bio- 

Sample  No. 

metric 

logical 

metric 

logical 

metric 

logical 

metric 

logical 

% 

% 

% 

% 

% 

% 

% 

% 

Chuck 

10 

76 

77 

34 

35 

no 

112 

in 

113 

11 

79 

79 

35 

37 

114 

116 

112 

114 

12 

63 

63 

33 

34 

96 

97 

98 

99 

13 

72 

73 

29 

30 

101 

103 

92 

95 

Heel-of-round 

1 

78 

78 

26 

26 

104 

104 

99 

98 

3 

80 

81 

39 

41 

119 

122 

115 

114 

4 

81 

26 

107 

.  .  . 

106 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 
(9) 

(10) 


Mclntire  et  al.  (10)  report  retentions  of  106  and  105%  in  one 
sample  each  of  veal  stew  and  lamb  stew  and  also  (IS)  108  and 
109%  in  one  sample  each  of  broiled  and  braised  beef  liver  in¬ 
cluding  drippings,  and  Rice  and  Robinson  (17)  107%  in  one 
sample  of  pork  precooked  for  dehydration.  These  retentions 
were  all  based  on  total  moist  weights.  Since,  however,  those 
reported  by  the  first  group  are  the  exceptions  rather  than  the  rule, 
they  could  be  considered  to  result  from  a  combination  of  assay 
errors.  Basing  retention  calculations  on  riboflavin  values  per 
gram  of  protein,  the  latter  authors  also  report  109%  for  beef  pre¬ 
cooked  for  dehydration  and  105%  in  the  dehydrated  beef, 
whereas  Schweigert  et  al.  (SI)  obtain  106  and  108%  retentions  in 
2  out  of  4  hams  carried  through  the  curing  process.  Rice  and 
Robinson  attribute  their  high  retentions  to  the  formation  of 
stimulating  substances  (to  L.  casei)  during  cooking,  whereas 
Schweigert  et  al.  conclude  that  the  best  method  of  calculating  the 
per  cent  of  vitamin  retention  is  on  the  basis  of  original  and  final 
weights  of  the  samples  tested  because  it  is  the  most  direct  method. 
One  wonders  how  much  this  conclusion  was  influenced  by  the 
fact  that  the  alternative  method  of  calculation,  based  on  protein, 
brought  these  two  riboflavin  retentions  and  one  niacin  retention 
above  105%. 

In  the  experiments  here  reported  there  was  no  indication  of  the 
presence  of  stimulatory  material  in  the  cooked  samples,  such  as 
drift  in  microbiological  assays.  Standard  recovery  tests  were 
also  run  with  each  microbiological  assay  and  gave  uniformly  good 
results — 96  to  98%.  Moreover,  one  preliminary  comparison  of 
assays  done  with  and  without  ether  extraction  of  the  filtrates 
from  all  three  types  of  samples  showed  no  alteration  of  values 
for  any  of  them  after  ether  extraction. 

A  recent  report  by  Feaster  et  al.  (6)  shows  that  the  phenome¬ 
non  of  increased  riboflavin  as  determined  by  microbiological 
assay  also  occurs  during  storage  of  processed  pork. 

High  retentions  similar  to  those  determined  on  beef  have  also 
been  obtained  in  this  laboratory  in  some  cooking  of  vegetables 
assayed  by  the  same  fluorometric  method. 

Weinberger  (S6)  reported  7  out  of  13  determinations  of  reten¬ 
tions  with  several  household  methods  of  cooking  cauliflower 
which  fell  between  109  and  129%,  and  4  out  of  10  on  broccoli 
between  107  and  121%.  Smith  (22)  has  reported  a  few  such  high 
retentions  in  institutional  boiling  of  carrots  and  green  beans  as 
well  as  in  small-scale  boiling  of  the  latter.  Another  laboratory 
has  likewise  obtained  such  results  on  carrots  using  the  micro¬ 
biological  method.  Streightoff  et  al.  (23)  report  an  average  ribo¬ 
flavin  retention  totaling  122%  for  boiled  carrots  plus  boiling  water 
in  ten  batches  of  stored  miscellaneous  varieties  and  of  112%  in 
ten  batches  of  fresh  Chantenay  Coreless  carrots,  during  large 
quantity  preparation.  The  senior  author  stated  (personal  com¬ 
munication),  moreover,  that  the  “data  on  riboflavin  were  very 
consistent”  which  must  mean  that  a  large  majority  of  individual 
cooking  experiments  gave  retentions  above  110%,  and  added  that 
they  obtained  ‘  ‘much  the  same  sort  of  result  in  the  case  of  cabbage”. 


preparation  of  extracts,  nor  by  digesting 
with  Clarase  in  preparation  for  chemical 
assay,  and  also  of  such  a  nature  that  with¬ 
out  release  it  is  unavailable  to  micro¬ 
organisms. 

Long  cooking  as  compared  to  short  cook¬ 
ing  should  be  further  investigated  and  per¬ 
haps  the  possibility  of  an  enzymic  action  in 
the  tissue  itself  during  a  slow  rise  in  tem¬ 
perature  should  be  considered. 
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In  the  light  of  all  the  above  investigations  it  would  seem  that 
the  probability  of  the  liberation  of  riboflavin  from  a  precursor  or 
complex  in  certain  types  of  cooking  procedures  must  be  given  con¬ 
sideration.  Moreover,  since  chemical  and  microbiological  assays 
yield  similar  results,  it  would  be  necessary  to  postulate  that  the 
complex  from  which  riboflavin  is  formed  or  released  during  cook¬ 
ing  is  of  such  a  nature  that  the  vitamin  cannot  be  liberated  by  di¬ 
gesting  or  autoclaving  under  acid  conditions  as  during  the 


Correction 

In  the  article  entitled  “Quantitative  Determination  of  Ergos- 
terol,  Cholesterol,  and  7-Dehydrocholesterol”  by  Lamb,  Mueller, 
and  Beach  [Ind.  Eng.  Chem.,  Anal.  Ed.,  18, 190  (1946)  ]  an  error 
was  made  in  Table  IV,  where  the  antimony  trichloride  value  on 
yeast  sample  3  should  have  been  2.41. 


Conductometric  Titrations  with  Organic  Reagents 

Determination  of  Copper  with  Cupferron  and  Iron  with  Sul Fosalicy lie  Acid 

J.  F.  CORWIN1  AND  H.  V.  MOYER,  Chemistry  Department,  Ohio  State  University,  Columbus,  Ohio 


The  use  of  certain  organic  analytical  reagents  in  conductometric 
titrations  has  been  studied  and  cupferron  found  suitable  for  titrating 
copper  in  a  sulfuric  acid  solution.  The  method  determines  copper 
rapidly  in  brass  without  removing  tin  and  lead.  Sulfosalicylic  acid 
and  its  ammonium  salt  were  used  in  the  volumetric  determination  of 
iron.  These  compounds  illustrate  the  use  of  organic  reagents  in 
titrations  in  which  the  change  in  conductivity  is  due  to  the  formation 
of  a  soluble  metallo-organic  complex. 

MOST  of  the  analytical  methods  involving  organic  reagents 
are  either  colorimetric  or  gravimetric.  In  this  work  a 
study  has  been  made  of  the  use  of  organic  reagents  in  conducto¬ 
metric  titrations.  Van  Suchtelen  and  Itano  {21)  in  1914  titrated 
nitrate  with  nitron,  calcium  with  oxalic  acid,  and  a  number  of 
organic  acids  with  barium  acetate.  Ivolthoff  and  others  {6-8, 
10,  16)  have  used  the  amperometric  titration  method  as  a  means 
of  utilizing  organic  reagents  in  volumetric  analysis. 

Cupferron  (ammonium  nitrosophenylhydroxylamine)  has 
been  found  satisfactory  for  the  conductometric  titration  of 
copper.  When  a  standard  solution  of  cupferron  is  added  to  an 
acid  solution  of  copper  the  very  insoluble  precipitate  of  copper- 
cupferron  is  formed  and  ammonium  ions  replace  the  copper  ions 
in  the  solution.  The  reaction  is 

Cu++  +  2C6H6N(NO)ONH4  =  Cu[C6H6N(N0)0]2  +  2NH4+ 

The  release  of  the  fast-moving  ammonium  ions  causes  a  rapid 
increase  in  conductivity  before  the  equivalence  point  is  reached. 
After  the  end  point,  the  combination  of  hydrogen  ions  with  the 
excess  cupferron  causes  a  sharp  decrease  in  conductivity.  Typi¬ 
cal  titration  curves  are  shown  in  Figure  1.  Copper  in  brass  can 
be  titrated  with  a  fair  degree  of  accuracy  without  the  removal  of 
tin,  provided  the  percentage  of  tin  does  not  exceed  5%.  Lead, 
zinc,  nickel,  and  cobalt  do  not  interfere  but  iron  is  precipitated 
with  copper  and  causes  high  results. 

The  solution  of  cupferron  is  stable  for  at  least  3  days  if  kept  in 
a  dark  bottle.  If  allowed  to  stand  for  longer  periods  an  appre¬ 
ciable  quantity  of  nitrobenzene  is  formed  which  can  be  removed 
by  pouring  the  solution  through  a  filter  paper.  Germuth  {4) 
has  pointed  out  that  the  addition  of  0.3  to  0.4  gram  of  p- aceto- 
phenetide  to  each  liter  of  cupferron  solution  aids  in  its  preserva¬ 
tion. 

APPARATUS 

The  apparatus  consisted  of  an  alternating  current  Wheatstone 
bridge  arrangement  with  an  electrically  driven  tuning  fork  and  a 
Kohlrausch  slide-ware.  A  Knight  7-watt  amplifier,  modified  so 
that  crystal  earphones  could  be  used,  gives  sufficient  sensitivity  of 
sound  balance.  The  bridge  is  connected  to  the  primary  of  a 
T-58A37  Thordarson  transformer  and  the  secondary  of  the  trans¬ 
former  is  connected  to  the  phonograph  plug  in  the  amplifier. 
Apparatus  similar  to  this  is  used  for  student  conductivity 
experiments. 

A  more  precise  Leeds  &  Northrup  conductivity  measuring 
apparatus  built  around  the  Campbell-Shackelton  shielded  ratio 
box  was  used  in  checking  the  precision  of  the  method,  and  a 
Coleman  pH  meter  was  used  in  following  the  change  in  hydrogen- 
ion  concentrations  in  certain  reactions. 

The  conductivity  cell  which  easily  accommodated  200  ml.  was 
large  enough  so  that  no  correction  for  dilution  was  necessary 
unless  more  than  10  ml.  of  titrant  was  used.  Where  it  was 
necessary  to  add  more  than  10  ml.,  the  corrected  conductivity 

1  Present  address,  Antioch  College,  Yellow  Springs,  Ohio. 


was  obtained  by  multiplying  the  slide-wire  ratio,  — ^ — -,  by  the 

ratio  of  the  final  volume  of  the  solution  over  the  original  volume. 

The  calculation  of  the  actual  conductance  was  eliminated  by 

using  the  slide-wire  ratio,  - — — as  the  relative  conductivity. 

Six  readings,  3  before  and  3  after  the  end  point,  were  plotted 
against  the  number  of  milliliters  of  titrant  used,  and  straight  lines 
were  drawn  through  the  points  before  and  after  the  equivalence 
point.  The  intersection  of  these  two  lines  represents  the  equiva¬ 
lence  point  on  the  volume  coordinate. 

Some  increase  in  precision  was  attained  by  calculating  the  end 
point  according  to  the  method  described  below. 

END  POINT  BY  CALCULATION 

The  inconvenience  of  determining  the  end  point  graphically 
can  be  avoided  by  a  calculation  similar  to  that  of  Boulad  {3). 

The  equation  for  a  straight  line,  y  =  ax  +  b,  is  used  with  the 
number  of  milliliters  of  titrant  represented  by  x  and  the  corre¬ 
sponding  slide-wire  ratio, - — -,  represented  by  y. 

The  slope,  a,  is  obtained  by  picking  two  sets  of  readings  before 
the  equivalence  point,  which  are  far  enough  from  the  region  of 
curvature  to  assure  a  straight-line  relationship.  The  value  of  a 
is  then  used  to  calculate  the  constant,  b,  for  each  reading.  An 
average  of  the  b  values  is  used  with  the  value  of  a  to  make  an 
equation  for  the  line  before  the  equivalence  point.  Similar  pro¬ 
cedure  with  readings  after  the  end  point  results  in  another  equa¬ 
tion.  Simultaneous  solution  of  these  two  equations  for  x  gives 
the  volume  of  titrant  at  the  equivalence  point. 

TITRATION  OF  COPPER  WITH  CUPFERRON 

Solutions.  Cupferron  solutions  were  prepared  by  dissolving 
30  grams  of  reagent  quality  salt  in  500  ml.  of  water.  The  solu¬ 
tion  was  kept  in  a  dark  bottle  and  its  strength  was  checked 
against  a  standard  copper  sulfate  solution  about  every  3  days. 

Standard  copper  solutions  were  made  by  dissolving  accurately 
weighed  samples  (about  4  grams)  of  electrolytic  copper  foil  in 
nitric  acid.  After  the  addition  of  4  ml.  of  concentrated  sulfuric 


Figure  1.  Cupferron  vs.  Bureau  of  Standards 
Bronze  52a 
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Figure  3. 


Figure  2.  Cupferron  vs.  Bureau  of  Standards 
Bronze,  Showing  pH  Change 


acid  the  nitric  acid  was  removed  by  evaporation  to 
fumes,  and  the  solution  was  diluted  to  1000  ml. 

Procedure.  Solutions  of  brass  and  bronze 
were  prepared  by  dissolving  weighed  samples  of 
William  S.  Murray  brass  samples  and  a  bronze 
from  the  National  Bureau  of  Standards,  No.  52a, 
in  nitric  acid  and  proceeding  in  the  same 
manner  as  with  the  standard  copper  solu¬ 
tion.  If  the  tin  content  of  the  brass  or 
bronze  was  below  5%,  no  constituent  or  precipitate  was  removed. 
The  bronze  solution  of  Bureau  of  Standards  52a,  which  contains 
14%  tin,  was  filtered  after  the  sample  had  dissolved  in  nitric 
acid.  Other  constituents  of  the  brass  or  bronze  were  not  re¬ 
moved. 

A  50-ml.  portion  of  the  standard  copper  solution  or  ot  the  brass 
or  bronze  was  transferred  by  pipet  to  the  titration  cell  and  suffi¬ 
cient  water  was  added  to  make  approximately  200  ml.  The  cell 
was  placed  in  a  constant-temperature  bath  and  the  conductivity 
was  measured.  The  standard  cupferron  solution  was  added  from 
a  microburet  in  about  2-ml.  portions  and  the  conductivity  was 
measured  after  each  addition.  As  the  reaction  between  cup¬ 
ferron  and  copper  is  practically  instantaneous,  very  little  time  is 
required  for  a  titration. 

Typical  titration  data,  obtained  by  calculation,  are  plotted  in 
Figure  1.  The  pH  change  at  the  end  point  is  indicated  in  Figure 
2.  The  appearance  of  this  curve  suggests  that  accurate  pH 
measurements  to  three  or  four  significant  figures  might  be  used  to 
follow  this  reaction. 

DISCUSSION 

The  time  required  for  a  titration  was  about  15  minutes  and 
the  calculation  required  about  5  minutes  with  a  calculator,  less 
time  than  the  plotting  of  curves  which  would  give  the  same 


good  curve  after  the  end 
point  and  not  so  much 
that  the  conductivity 
became  too  high  for 
measurement.  The  4 
ml.  of  concentrated  sul¬ 
furic  acid  used  in  the 
preparation  of  the  sam¬ 
ple,  with  the  subse¬ 
quent  dilutions,  made 
'a  satisfactory  acid  con¬ 
centration. 

In  accuracy  the  re¬ 
sults  show  that  the 
largest  deviation  is  0.8 
mg.  of  copper  per  100 
mg.  of  copper  taken, 
and  that  the  average 
deviation  is  0.3  mg.  per 
100  mg.  of  copper. 

An  attempt  to  analyze 
a  bronze  that  contained 
iron,  nickel,  and  anti¬ 
mony  gave  consistently 
high  results. 

The  conditions  of  the 
analysis  allow  it  to  be 

fitted  into  the  standard  gravimetric  procedure  for  brass. 

SULFOSALICyLIC  ACID  AND  ITS  AMONIUM  SALT 
AS  REAGENTS  FOR  IRON 

Sulfosalicylic  acid  and  its  ammonium  salt  were  found  to  pro¬ 
duce  usable  curves  in  the  titration  of  ferric  iron  (Figures  3  and 
4).  This  acid  has  been  used  for  separating  iron  from  elements 
such  as  aluminum,  manganese,  magnesium,  and  others  {12-15, 
17)  and  in  colorimetric  determination  of  iron  (. 1 ,  2,  5,  9,  11,  18, 
19,  20). 


Sulfosalicylic  Acid  vs.  Iron  and  Iron 
Ore 


ML  OF  AMMONIUM  SALICYLSULFONATE 


accuracy. 

The  acid  concentration  is  not  a  factor  in  the  reaction;  it  was 
regulated  to  the  extent  that  there  was  enough  present  to  give  a 


Table  I.  William  S.  Murray  Samples 


Samples 

Cupferron 

Cu  Titer  of 

Cu  Found 

No. 

Taken 

Cu  Taken 

Used 

Cupferron 

Gram 

Ml. 

Gram 

33 

2 

0.1450 

9.15 

0.01583 

0. 1449 

0.1452 

9.39 

0.01551 

0. 1456 

35 

1 

0.1245 

8.56 

0.01453 

0.1243 

36 

2 

•  0.1415 

9.78 

0.01453 

0.1421 

0.1416 

9.82 

0.01453 

0.1427 

Bureau  of  Standards 

cast  bronze  52a 

4 

0.0883 

7.06 

0.01258 

0.0888 

0.0883 

7.02 

0.01258 

0 . 0883 

0.0883 

7.02 

0.01258 

0 . 0883 

0.0883 

7.02 

0.01258 

0.0883 

2 

0.0882 

7.93 

0.01115 

0.0884 

0.0882 

7.89 

0.01115 

0.0880 

Figure  4.  Iron  vs.  Ammonium  Salicyl- 
sulfonate 

Figure  3  shows  the  results  when  a  15%  solution  of  sulfosali¬ 
cylic  acid,  standardized  conductometrically  against  iron  wire, 
was  used  in  determining  iron  in  iron  ore.  Figure  4  shows  the 
results  when  a  standardized  10%  solution  of  the  ammonium  salt 
of  sulfosalicylic  acid  was  used  in  place  of  the  acid.  The  standard 
salt  solution  was  prepared  by  dissolving  the  solid  acid  in  am¬ 
monium  hydroxide  until  acid  to  methyl  red  and  titrating  it 
conductometrically  against  standard  iron  wire.  The  calculated 
results  in  Table  II  show  the  accuracy  of  the  methods.  The  iron 
solutions  were  prepared  by  the  usual  methods  except  that  in¬ 
stead  of  reduction  to  the  ferrous  state,  the  iron  was  oxidized 
with  either  bromine  water  or  Perhydrol  to  the  ferric  state. 

SUMMARY 

A  method  for  the  conductometric  titration  of  copper  in  brass 
and  bronze  with  cupferron  is  described,  the  accuracy  of  which 
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Table  II.  Sulfosalicylic  Acid  and  Ammonium  Salt  of  Sulfosalicylic 
Acid  vs.  Thorn  Smith  and  Bureau  of  Standards  Iron  Ores 


Sample 

Iron  Taken 

Titrant 

Iron  Found 

Difference 

Gram 

Ml. 

Gram 

Gram 

15%  Sulfosalicylic  Acid,  Iron  Titer  0.0380  Gram  per  Ml. 

T.S.  72 

0.0927 

2.44 

0 . 0927 

0.0000 

0.1048 

2.83 

0.1075 

+  0.0027 

T.S.  71 

0.1072 

2.85 

0.1083 

+  0.0011 

10%  Ammonium  Salt,  Iron  Titer  0.0247  Gram  per  Ml. 

B.S.  26 

0.0813 

3.36 

0.0828 

+  0.0015 

0. 1126 

4.57 

0.1128 

+  0.0002 

0.1126 

4.56 

0.1127 

+  0.0001 

B.S.  27 

0. 1356 

5.47 

0.1351 

-0.0005 

0.1356 

5.46 

0.1349 

-0.0007 

B.S.  29 

0.0905 

3.66 

0.0902 

-0.0003 

varies 

from  0.2  to  0.8  mg.  of  copper  per  100  mg.  of  copper  taken. 

The  method  is  fast  and  may  be  used  without  separation  of  certain 
constituents.  The  conditions  of  the  titration  allow  it  to  be  fitted 
into  the  usual  gravimetric  procedure  for  brass  or  bronze. 

Methods  for  determining  iron  in  iron  ores  are  described  which 
use  both  sulfosalicylic  acid  and  its  ammonium  salt  as  titrating 
agents.  The  accuracy  varies  from  0.1  to  1.5  mg.  per  100  mg.  of 
iron  taken. 

The  conductometric  method  may  be  used  in  applying  the 


precipitation  and  colorimetric  reaction  of  organic  reagents  to 
volumetric  analysis. 
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Determination  of  Tetraethyllead  in  Gasoline 
by  X-Ray  Absorption 

MILES  V.  SULLIVAN  and  HERBERT  FRIEDMAN 
United  States  Naval  Research  Laboratory,  Washington,  D.  C. 


RIGID  control  of  the  antiknock  rating  of  gasoline  and  other 
motor  fuels  for  use  by  the  armed  forces  is  of  utmost  im¬ 
portance  in  maintaining  high  standards  of  performance.  The 
use  of  tetraethyllead  to  bring  various  base  stocks  up  to  a  set 
standard  of  quality  requires  the  addition  of  varying  amounts  of 
lead  to  each  lot  of  fuel.  Continuous  control  of  this  process  by 
the  manufacturer  and  continuous  checking  by  the  user  may  in¬ 
volve  the  determination  of  the  lead  content  of  hundreds  of 
samples  per  day  in  one  laboratory.  As  a  result,  chemical  meth¬ 
ods  of  analysis  for  lead  in  gasoline  have  received  a  great  deal  of 
attention.  No  single  chemical  method  has  been  proposed,  how¬ 
ever,  which  is  generally  applicable  to  the  analysis  of  lead  in 
chemically  different  base  stocks,  and  which  does  not  require  an 
excessive  amount  of  time  for  reasonably  accurate  results  (8). 
Aborn  and  Brown  ( 1 )  employed  an  x-ray  absorption  technique 
for  the  quantitative  analysis  of  lead  in  gasoline,  but  their  method 
was  limited  in  sensitivity  by  the  use  of  an  ionization  chamber  to 
detect  the  radiation. 

In  the  present  work  a  Geiger  counter  was  employed  which  had 
a  quantum  efficiency  of  roughly  80%  for  the  radiation  used.  The 
result  is  a  method  for  the  quantitative  determination  of  lead 
which  is  equivalent  to  the  chemical  analysis  in  accuracy,  but  may 
be  completed  by  an  unskilled  worker  in  5  minutes. 

X-RAY  ABSORPTION 

Under  the  conditions  necessary  for  the  production  of  x-rays 
one  observes  a  spectrum  of  continuous  radiation  upon  which  is 
superimposed  a  series  of  monochromatic  characteristic  radiations. 
The  continuous  spectrum  (Figure  1)  is  composed  of  all  wave 
lengths  down  to  a  certain  minimum  wave  length  given  by  X0  = 
12395/F  Angstroms,  where  V  is  the  peak  voltage  applied.  The 
intensity  of  wave  lengths  longer  than  this  minimum  passes 


Figure  1.  X-Ray  Spectrum  of  Molybdenum 
Bombarded  with  35-Kv.  Electrons 


through  a  maximum  at  about  X  =  1.3  Xo  and  then  gradually 
approaches  zero.  The  intensity  of  hard  radiation  in  the  con¬ 
tinuous  spectrum  increases  with  atomic  number  of  the  target 
material.  The  characteristic  K  series  radiations  appear  only 
when  the  peak  voltage  applied  to  the  tube  exceeds  the  K  shell 
ionization  potential  of  the  target  atoms.  By  the  proper  choice 
of  target,  voltage,  filters,  and  possibly  a  crystal  monochromator, 
almost  any  range  of  x-ray  wave  lengths  or  monochromatic  radia¬ 
tion  may  be  obtained. 

When  x-rays  impinge  on  matter,  the  manner  in  which  they  are 
absorbed  may  be  expressed  by  the  relation: 

/  =  JeiT'"’1 


(1) 
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where 

I  =  intensity  after  passing  through  sample 
70  =  intensity  of  monochromatic  x-rays  incident  on  sample 
n  —  mass  absorption  coefficient 
p  =  density  of  homogeneous  sample 
x  =  thickness  of  homogeneous  sample 

The  mass  absorption  coefficient,  p,  is  a  function  of  the  wave 
length  of  x-rays  and  the  atomic  nature  of  the  sample. 

It  is  possible  to  express  the  mass  absorption  coefficient  as  a 
function  of  atomic  number  and  wave  length  in  the  approximate 
relation: 

p  =  (CZ*X3)  N/A  (2) 

where 

C  =  a  constant  in  the  range  between  adjacent  edges 
Z  —  atomic  number 
X  =  wave  length  of  x-rays 
N  =  Avogadro’s  number 
A  =  atomic  weight 

At  each  critical  absorption  limit  (corresponding  to  the  ioniza¬ 
tion  potential  of  the  atom)  the  absorption  coefficient  reaches  a 
maximum  value  on  the  short  wave-length  side  of  the  limit. 
Where  it  is  desired  to  identify  one  component  of  a  mixture  by 
absorption,  the  optimum  contrast  will  be  obtained  by  working 
with  a  wave  length  slightly  shorter  than  the  absorption  limit  for 
the  particular  component  being  measured.  This  is  not  always 
practical,  since  it  is  generally  necessary  to  sacrifice  intensity 
enormously  to  monochromatize  the  radiation.  Because  lead  has 
a  high  absorption  coefficient  for  practically  all  x-ray  wave  lengths 
compared  to  any  organic  material,  no  attempt  was  made  to 
utilize  an  absorption  edge  in  this  particular  analysis. 

According  to  Equation  2  the  mass  absorption  coefficient  in¬ 
creases  as  the  cube  of  the  wave  length.  In  a  single-component 


Figure  2.  Internal  View  of  X-Ray  Power  Supply 
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Figure  3.  X-Ray  Absorption  Equipment 

A .  Power  supply 

B.  X-ray  tube 

C.  Absorption  cells  mounted  on  rocker  arm  for  rapid  comparison  readings 

D.  Geiger  counter 


system,  therefore,  one  employs  the  longest  wave  length  trans- 
mitted  by  the  sample,  thus  obtaining  a  maximum  change  in  in¬ 
tensity  for  a  given  change  in  sample  thickness.  However,  leaded 
gasoline  is  a  two-component  system  in  which  the  mass  absorption 
coefficients  change  at  different  rates  as  the  wave  length  is  varied. 
As  a  result  an  optimum  wave  length  exists  above  which  the  ad¬ 
vantage  of  using  longer  wave  lengths  disappears  because  the 
absorption  coefficient  for  gasoline  is  increasing  more  rapidly  than 
that  of  lead.  With  an  absorption  cell  length  of  15  to  25  cm.  the 
optimum  conditions  were  obtained  with  the  x-ray  tube  operated 
at  17  kv. 

APPARATUS 

The  power  supply  (see  Figures  2  and  3)  consisted  of  a  25-kilo¬ 
volt,  20-milliampere  transformer,  the  output  of  which  was  half¬ 
wave  rectified  by  an  8013  tube.  A  0.05-microfarad  condenser 
reduced  the  ripple  below  10%.  The  x-ray  and  rectifier  filaments 
were  supplied  by  a  single  transformer  with  two  secondaries.  A 
molybdenum  target  Machlett  x-ray  tube  of  the  line  focus,  water- 
cooled  type  was  used.  The  entire  supply  including  the  x-ray 
tube  was  oil-immersed  and  occupied  less  than  28.32  liters  (1 
cubic  foot).  The  power  supply  was  stabilized  by  a  line  voltage 
regulator. 

The  x-ray  supply  and  tube  constitute  a  shockproof  arrange¬ 
ment.  The  only  safety  hazard  arises  from  exposure  to  the  x-ray 
beam:  The  possibility  of  such  exposure  is  minimized  by  ray- 
proof  shielding,  and  the  entire  unit  may  be  safely  operated  in  an 
analytical  laboratory. 

The  radiation  detector  was  a  Geiger  counter  tube  developed 
by  this  laboratory.  The  success  of  the  method  depends  largely 
on  the  fact  that  the  Geiger  tubes  employed  in  this  work  were  very 
efficient  in  the  detection  of  soft  x-rays.  In  its  simplest  form  a 
Geiger  counter  consists  of  a  cylindrical  cathode  and  an  axial  wire 
anode,  enclosed  in  a  glass  envelope  containing  a  suitable  gas  mix¬ 
ture.  A  potential  difference  of  the  order  of  1000  volts  is  applied 
across  the  electrodes  in  the  manner  illustrated  in  Figure  4. 
Under  these  conditions  the  passage  of  an  ionizing  radiation 
through  the  tube  triggers  a  momentary  discharge  which  may  be 
detected  as  a  voltage  pulse  at  the  capacitor,  C.  Following  the 
discharge  the  counter  quickly  recovers  to  its  initial  condition 
and  is  ready  to  detect  the  next  ionizing  event.  The  high  sensi¬ 
tivity  of  the  counter  is  based  upon  the  fact  that  a  primary  ioniza¬ 
tion  of  only  a  single  ion  pair  is  sufficient  to  trigger  a  momentary 
discharge  of  the  order  of  10,000,000,000  electrons. 

In  the  range  of  wave  lengths  employed  in  these  absorption 
measurements,  x-ray  quanta  are  absorbed  almost  entirely  by 
photoelectric  effect.  The  Geiger  counters  are  constructed  so 
as  to  permit  passage  of  the  radiation  down  the  full  10-cm.  length 
of  the  counter  tube  in  the  gas  filling.  Under  these  conditions,  if 
a  counter  tube  is  filled  with  40  cm.  of  krypton,  80%  of  the  x-ray 
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beam  at  17  kv.  is  absorbed  photoelect  rically  in  the  active  part  of 
the  counter.  In  other  words,  80  out  of  every  100  quanta  entering 
the  counter  produce  counts. 

The  construction  and  operation  of  these  tubes  have  been  ad¬ 
vanced  to  the  point  where  their  life  is  comparable  to  other  tube 
elements  in  the  equipment,  and  they  are  capable  of  from  10,000 
to  100,000  counts  per  second,  depending  on  the  type  of  amplifier 
employed.  A  more  detailed  description  of  these  tubes  may  be 
found  in  a  previous  publication  (#). 

The  counting  circuits  used  in  the  present  equipment  consisted 
of  an  amplifier  capable  of  passing  25,000  random  counts  per 


WIRE 


Figure  4.  Fundamental  Circuit  of  Geiger  Counter 


second  coupled  to  a  scale  of  32,  the  output  of  which  is  registered 
by  a  mechanical  impulse  counter.  In  order  to  register  1000 
random  counts  per  second  without  missing  more  than  4%,  the 
recording  system  must  be  able  to  count  at  least  25,000  uniform 
pulses  per  second.  This  is  true  because  about  4%  of  the  1000 
random  counts  arrive  at  an  average  rate  greater  than  25,000  per 
second.  Since  all  measurements  were  made  at  a  rate  of  well  un¬ 
der  1000  counts  per  second,  the  recorded  intensities  were  very 
nearly  a  linear  function  of  the  true  intensity  of  radiation  reach¬ 
ing  the  Geiger  tube. 

Recently  the  measurement  of  x-rays  by  means  of  a  fluorescent 
screen  and  a  multiplier  phototube  has  been  successfully  applied  in 
photofluorographic  equipment  by  Morgan  (4),  and  to  the  rapid 
examination  of  fuses  by  Smith  ( 5 ).  A  comparison  test  performed 
at  this  laboratory  showed  that  at  x-ray  intensities  just  sufficient 
to  be  observed  above  the  background  noise  of  the  photomultiplier 
tube-fluorescent  screen  combination,  the  Geiger  counter  regis¬ 
tered  over  1000  counts  per  second. 

EXPERIMENTAL 

The  unleaded  gasoline  used  was  standard  aviation-base  stock, 
62-octane  rating,  and  the  fully  leaded  sample  contained  4.6  ml. 
of  tetraethyllead  per  gallon  according  to  the  accompanying 
chemical  analysis.  For  the  purpose  of  this  work  it  was  assumed 
to  be  correct  and  by  careful  dilution  with  the  unleaded  gasoline  a 
series  of  samples  was  obtained  ranging  from  0  to  4.6  ml.  per 
gallon  in  steps  of  10%.  The  absorption  cells  were  constructed 
of  15-cm.  lengths  of  brass  tubing  (inside  diameter,  0.5  inch, 
outside  diameter,  0.75  inch)  with  0.025-mm.  (0.001-inch)  alumi¬ 
num  windows. 

In  the  optimum  voltage  range  of  16  to  19  kv.,  and  using  a  cell 
length  of  15  to  25  cm.,  a  ratio  of  intensities  through  leaded  and 
unleaded  gasoline  of  140  to  1  was  obtained.  Counting  rates  of 
75  to  1500  per  second  were  registered  when  the  tube  current 
was  about  5  milliamperes. 

The  ethylene  bromide  present  in  commercial  ethyl  fluid  ac¬ 
counts  for  about  one  fourth  of  the  absorption  observed.  Since  a 
stoichiometric  ratio  of  lead  to  bromide  (or  bromide-chloride  mix¬ 
ture)  is  usually  maintained  in  the  ethyl  fluid,  this  need  not 
affect  the  accuracy  of  the  measurements  unless  they  are  made  on 
gasoline  stocks  whose  history  suggests  that  this  ratio  may  have 
been  altered.  For  special  applications  it  may  be  desirable  to 
work  near  an  absorption  edge  of  one  of  the  components  to  mini¬ 
mize  such  interference.  The  present  work  covered  only  one 
base  stock  used  with  a  particular  ethyl  fluid.  Since  the  x-ray 
absorption  coefficients  for  most  base  stocks  are  very  nearly  the 
same  and  much  smaller  than  that  of  lead,  a  single  calibration 


should  be  applicable  to  virtually  all  gasoline  stocks  using  the  same 
type  of  ethyl  fluid. 

In  obtaining  the  calibration  curve  (a  straight  line),  ten  alter¬ 
nate  32-second  counts  were  taken  for  each  sample  and  averaged. 
Since  the  values  plotted  are  ratios  of  counts  obtained  with  clear 
gasoline  to  that  of  leaded  gasoline,  a  total  of  640  seconds  or  10 
minutes  was  required  to  locate  each  point.  These  results  were 
obtained  with  an  argon-filled  counter.  A  counter  filled  with  40 
cm.  of  mercury  pressure  of  krypton  was  6  times  as  efficient  at  17 
kv.  and  reduced  the  counting  time  correspondingly. 

PERFORMANCE 

By  the  method  of  least  squares  a  calibration  line  was  obtained 
which  was  more  accurate  than  any  one  of  the  points,  and  by 
calculating  the  standard  deviation  of  the  points  from  the  line 
(the  square  root  of  the  mean  of  the  squares  of  the  delta  y  devia¬ 
tions  from  the  line),  an  estimate  was  obtained  of  the  precision  of 
the  determination.  It  was  assumed  in  these  calculations  that 
all  points  have  equal  weight  in  the  determination  of  the  calibra¬ 
tion  line.  This  treatment  is  not  rigorous,  but  a  more  exact 
treatment  is  not  warranted.  The  standard  deviation  was  0.05 
ml.  of  tetraethyllead  per  gallon  of  gasoline,  or  1%.  Similarly  a 
precision  of  1%  was  obtained  with  samples  containing  a  maxi¬ 
mum  of  0.46  ml.  of  tetraethyllead  per  gallon.  This  corre¬ 
sponded  to  the  detection  of  0.005  ml.  of  tetraethyllead  per 
gallon,  or  0.0002%  lead. 

The  precision  attained  here  in  the  determination  of  lead  in 
gasoline  is  comparable  to  that  obtained  by  chemical  methods. 
The  x-ray  absorption  method  is  superior  to  the  chemical  method 
in  most  respects.  It  can  be  carried  out  in  a •  routine  manner  by 
an  unskilled  operator  in  a  small  fraction  of  the  time  required  for 
chemical  methods.  If  conditions  warrant  it,  the  whole  process 
can  be  made  automatic  for  a  number  of  simultaneous  runs.  The 
simultaneous  exposure  of  the  standard  gasoline  and  the  unknown 
will  avoid  the  necessity  for  alternate  exposures,  eliminate  errors 
due  to  fluctuations  in  x-ray  intensity  between  successive  ex¬ 
posures,  and  materially  increase  the  precision. 

OTHER  APPLICATIONS 

Although  all  measurements  were  made  on  leaded  and  unleaded 
gasoline,  the  method  of  analysis  is  applicable  to  lead  in  any  other 
media  of  low  atomic  number.  It  will  be  possible  to  attain  the 
same  sensitivity  for  lead  in  any  of  the  oils  or  fuels  in  common 
usage. 

The  method  is  not  limited  to  heavy  metals,  however,  because 
all  elements  have  discontinuities  in  their  absorption  curves 
which  may  be  utilized  by  careful  control  of  the  wave  length  em¬ 
ployed  to  give  maximum  absorption  for  the  particular  metal 
desired.  Further  development  of  the  technique  may  open  up 
promising  new  fields  for  this  method  of  analysis,  many  of  which 
may  be  of  great  value  in  oil  and  fuel  research.  The  testing  of  a 
good  oil  or  fuel  involves  service  runs  in  large  mechanical  units 
over  extremely  long  periods  of  time.  If  a  continuous  method  of 
analysis  for  metal  particles  could  be  employed,  it  is  possible  that 
“break  in”  and  “break  down”  could  be  followed  step  by  step. 
Wear  rates  of  different  metallic  sections  such  as  shafts  and  bear¬ 
ings  could  be  selectively  observed  by  the  proper  choice  of  radia¬ 
tion. 
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Phenolic  Resin  Glue  Line  as  Found  in  Yellow 

Birch  Plywood 

C.  A.  FARROW,  D.  H.  HAMLY,  AND  E.  A.  SMITH,  Department  of  Chemical  Engineering,  University  of  Toronto,  Toronto  5,  Canada 


\  new  technique  for  the  analysis  of  phenolic  resin  glue  lines  is  de¬ 
creed.  The  method  involves  complete  removal  of  the  veneers  by 
ligestion  with  chromic  acid,  the  glue  being  left  in  an  unaltered  state 
uitable  for  microscopic  examination  and  subsequent  stereophoto- 
nicrography.  The  relation  of  wood  structure  to  the  penetration  of 
he  adhesive  is  discussed  with  suitable  illustrations. 

• 

PRODUCING  stable  physical  and  chemical  properties  in  ad¬ 
hesive  which  bonds  veneers  is  important  at  the  present  time, 
;ince  it  appears  both  desirable  and  possible  to  make  strong  wood 
tructures  possessing  both  variety  in  shape  and  diversity  in  size. 

The  fundamental  theories  of  specific  and  mechanical  adhesion 
vere  established  to  a  considerable  degree  by  the  work  of  McBain 
md  co-workers  (3)  in  England  and  Browne  and  Truax  (1)  in  the 
L'nited  States  during  and  after  the  close  of  IT  orld  W  ar  I.  Al¬ 
though  these  and  subsequent  investigators  have  established  the 
mportance  of  specimen  analysis  strain  test  methods,  and  also 
the  usefulness  of  cross-section  analysis,  they  have  left  glue  line 
thickness,  the  relative  importance  of  specific  and  mechanical 
adhesion  theories,  and  the  variability  of  strength  over  limited 
areas,  subjects  of  lively  interest.  These  problems  are  discussed 
in  the  present  paper  in  the  light  of  work  done  with  a  new  technique 
which  permits  examination  of  the  surface  features  and  structure 
of  the  phenolic  glue  fine. 

In  order  to  carry  out  a  comprehensive  study  of  a  ply'\  ood  bond, 
factors  such  as  glue  line  thickness,  moisture  content  of  veneers, 
gluing  pressure,  and  temperature  must  be  considered. 

^  The  glue  fine  has  been  described  as  a  continuous  film  of  resin 
between  two  veneer  surfaces  and  the  thickness  of  this  line  has 
been  correlated  to  the  bonding  pressure.  McBain  and  Lee  (4) 
and  more  recently  Maxwell  (5)  claim  that  the  strength  increases 
with  decrease  of  thickness.  N.  V.  Poletika  states  that  the 
strength  varies  inversely  with  the  thickness  (6).  Browne  and 
Truax  (1)  disagree  with  this  view  and  say  that  the  thickness  of 
the  film  may  vary  within  rather  wide  limits  without  affecting  the 
strength  of  the  joint. 

The  moisture  contents  of  the  veneers  and  of  the  resin  before 
bonding  are  critical:  when  these  are  high,  blistering  results,  and 
when  low,  the  resin  does  not  penetrate  the 
superficial  openings  of  the  wood.  In  both  cases 
the  resulting  adhesion  is  poor. 

The  bpnding  pressure  employed  depends  on 
the  flatness  and  density  of  the  wood.  Ihe 
degree  of  polymerization  depends  on  the  tem¬ 
perature  gradient  and  bonding  time  (/);  hence 
the  control  of  these  conditions  is  an  important 
factor  in  plywood  manufacturing.  The  authors 
have  been  unable  to  find  any  reports  relating 
all  these  factors  with  the  nature  of  the  resin 
bond  under  controlled  conditions. 

GLUE  LINE  EVALUATION  BY  SURFACE  ANALYSIS 

After  careful  examination  of  bleed-through 
resin  removed  from  plywood  by  careful  dissec¬ 
tion  it  was  shown  that  the  resin  was  a  true  cast 
of  the  wood  with  which  it  was  in  contact.  Chemi¬ 
cal  means  were  then  employed  for  the  removal 
of  the  wood.  Hot  chromic  acid  was  selected  as 
being  most  satisfactory  for  this  purpose.  This 
reagent  has  now  been  employed  many  times  and 


has  proved  capable  of  digesting  wood  and  not  digesting  phenol- 
formaldehyde  resin  within  certain  time  and  temperature  limits. 

The  present  standard  practice  is  to  suspend  the  test  specimen 
in  the  hot  chromic  acid  solution  (100  grams  of  chromic  acid  m 
100  cc.  of  water)  with  about  2.5  cm.  (1  inch)  immersed.  Ihe 
remainder  of  the  specimen  forms  the  support  and  carries  the 
identifying  code  in  notches  on  the  upper  edge.  Digestion  is 
carried  on  at  80°  to  85°  C.  for  about  20  minutes  which  is  suf¬ 
ficient  to  expose  completely  the  glue  lines  m  3-ply  /le-mch  birch 
veneers.  After  careful  digestion,  thorough  washing  with  hot 
water  is  necessary  to  remove  the  chromic  acid  and  the  caramel- 
like  products  of  oxidation,  which,  if  present,  obscure  glue  line  de¬ 
tail.  The  specimen  is  then  rinsed  with  acetone  and  allowed  to 
drv  Though  complete  removal  of  this  sludge  is  very  dif¬ 
ficult  in  the  case  of  fiber  casts,  normal  washing  and  drying  are 
rapid  and  permit  immediate  examination  of  the  resin. 

The  gross  features  of  the  glue  line  are  examined  with  a  Green- 
augh  twin  objective  microscope  and  areas  of  particular  interest 
are  stereophotomicrographed  by  a  thoroughly  tried  method  (2). 
During  these  observations  and  the  subsequent  photography  par¬ 
ticular  attention  is  given  both  to  those  areas  characteristic  of  a 
given  kind  of  bonding  and  to  those  abnormal  ones  where  failure  is 
likely  to  occur  first. 

The  real  value  of  the  technique  depends  upon  the  fact  that 
high-power  inspection  with  the  microscope  reveals  the  minute 
structure  of  the  tracheae  and  tracheids.  This  inspection  is  car¬ 
ried  out  whenever  evidence  is  required  on  the  extent  and  thor¬ 
oughness  of  the  wetting  by  the  unpolymerized  resin  of  the  wood. 

For  this  examination  the  material  is  mounted  in  a  medium  of 
the  same  refractive  index  (normally  about  1.66).  Kohler  illu¬ 
mination  with  narrow  band  filters  complementary  in  color  to  the 
resin  are  employed. 

‘  MATERIAL  EXAMINED 

Many  types  of  panels  have  been  examined  and  their  glue  lines 
digested  out,  but  a  sufficient  number  of  specimens  from  closely 
controlled  experiments  has  not  yet  been  examined  to  obtain  a 
complete  picture  of  the  probable  variability  of  the  glue  lines. 
Nevertheless,  firm  conclusions  have  been  reached,  illustrated  b> 
examples  of  glue  lines  from  a  set  of  panels  made  and  tested  by  the 
Forest  Products  Laboratories  at  Ottawa,  under  controlled  condi¬ 
tions. 


Figure  1.  Low-Pressure  Panel  (X  7.5) 

Large  cavities  are  clearly  visible  in  slue  line,  b  .Very  little  penetration,  as  evidenced  by  hollow  resin 

tendrils 
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Figure  3.  High  Moisture  Panel  (X  7.5) 


Figure  2  (Left).  Normal  Panel  (X  7.5) 

Stereophotomicrograph  of  resin  glue  line,  showing  how 
resin  has  filled  all  surface  cavities,  a.  of  veneer  and  pene¬ 
trated  into  tracheae  cells,  b.  Wood  has  been  completely 
digested  away. 


in  a  good  glue  line.  This  illustration  was 
made  from  a  characteristic  area  of  a  9% 
moisture  panel  bonded  under  200  pounds  per 
square  inch  for  6  minutes.  The  average 
value  of  the  tension  tests  was  740  and  the 
shear  test  was  195  pounds  per  square 
inch. 

The  peculiarities  shown  in  Figure  2  were 
characteristic  of  not  only  the  whole  panel  but 
also  many  other  normal  panels.  The  glue 
line  was  nonuniform  in  thickness,  in  most 
areas  free  from  bubbles  and  composed  of  solid 


resin,  in  other  areas  discontinuous  in  nature. 


The  resin  had  filled  the  broken  surface  cavi¬ 


ties  and  passed  into  the  open  ends  of  the 


tracheae,  tracheids,  fibers,  and  medullary 
rays.  The  degree  of  penetration  varied  from 


place  to  place,  depending  on  the  orientation 


of  the  wood  to  the  glue  fine  and  reached  a 
maximum  of  about  5.0  cm.  (Figure  4).  Ex¬ 
cessive  penetration  was  ordinarily  associated 
with  starved  areas.  In  these  regions  the  glue 
fine  was  very  thin,  broken,  and  frequently 
granular  and  the  tracheae  were  usually  just 
wetted,  leaving  thin-walled  resin  tubes. 


HIGH-MOISTURE  BONDING 


Stereophotograph  showing  end  view  of  two  specimens  of  plywood.  Left  specimen  shows  extreme  pene¬ 
tration  into  one  outside  veneer,  a,  and  center  veneer,  b.  Right  specimen  shows  extreme  into  one  outside 
veneer,  c,  but  almost  no  penetration  into  center  veneer,  d.  This  indicates  extreme  variation  in  penetration 
from  point  to  point,  as  these  two  specimens  were  found  within  1  inch  of  each  other. 


In  all  cases  1/i6-inch  birch  veneers  and  phenol-formaldehyde 
resin  were  used.  The  veneers  were  double-spread  and  the  open 
assembly  time  was  1  hour.  The  veneers  were  bonded  at  285°  F. 
The  bonding  pressure,  bonding  time,  and  moisture  content  of  the 
veneers  were  varied. 

The  panels  were  cut  into  12  strips.  Three  tension  normal  to 
the  glue  fine  tests,  and  two  shear  tests  were  carried  out  on  each  of 
six  alternate  strips.  The  remaining  six  were  subjected  to  the 
digestion  treatment  and  examined  microscopically. 


LOW-PRESSURE  BONDING 


Figure  3  shows  a  characteristic  area  in  a 
panel  made  from  veneers  containing  14.9% 
moisture.  They  were  bonded  at  200  pounds 
per  square  inch  for  6  minutes.  The  average 
value  of  the  tension  tests  was  387  and  of  the  shear  tests,  132  pounds 
per  square  inch. 

The  very  considerable  penetration  which  occurred  was  charac¬ 
terized  by  complete  wetting.  The  occurrence  of  large  bubbles  in 
the  resin  due  to  blistering  resulted  in  the  formation  of  tubes  with 
thin  broken  walls.  Because  of  the  presence  of  steam  or  the  ease  of 
penetration  under  these  conditions,  the  glue  fine  was  starved, 
thin,  and  discontinuous.  When  the  orientation  of  the  wood  per¬ 
mitted,  penetration  to  the  surface  occurred,  and,  as  .a  result, 
produced  bleed-through  (Figure  4). 


Figure  1  is  a  stereo  photomicrograph  of  a  typical  edge,  indicat¬ 
ing  the  extreme  thickness  of  the  glue  fine  and  the  noticeable  lack 
of  solid  tracheal  penetration  present  in  a  low-pressure  bonded 
panel.  This  panel  was  made  from  veneers  containing  9%  mois¬ 
ture  and  was  bonded  under  very  low  pressure  for  8  minutes. 
The  average  value  of  the  tension  tests  was  471  pounds  per  square 
inch.  The  shear  test  results  were  extremely  low.  Glue  fine 
failure  occurred  in  almost  every  case. 

.  Examination  of  the  glue  fine  from  this  panel  showed  that  while 
wetting  had  occurred,  there  were  open  spaces  in  the  glue  line 
and  that  the  casts  formed  within  the  tracheae  were  hollow  tubes 
rather  than  solid  rods. 

OPTIMUM  BONDING  CONDITIONS 

Figure  2  shows  the  solid  character,  the  typically  uneven  thick¬ 
ness,  and  the  intimate  association  of  resin  and  wood  which  occurs 


DISCUSSION 

Many  complete  casts  of  the  border  pits  present  between  tra¬ 
cheae  in  yellow  birch  have  been  found  in  spite  of  the  fact  that 
the  pit  diameter  was  of  the  order  of  Vs  micron  (Figure  5).  Though 
botanists  believe  that  pits  exist  in  the  fiber  wall,  these  either  do 
not  exist  or  else  are  too  small  for  the  flow  of  unpolymerized  resin. 
However,  many  fiber  casts  have  been  obtained  when  the  fibers 
were  at  the  surface  of  the  veneer  and  cut  open  during  the  cutting 
of  the  veneer.  Wetting  of  the  inner  surface  of  the  fiber  is  not 
often  seen.  It  would  seem  that  the  presence  of  debris  and  air 
within  the  fiber  produces  an  emulsionfike  state  which  leaves  the 
cast  with  a  bubbly  appearance  and  a  rough  surface  (Figure  6). 
The  surface  characteristics  of  the  resin  trachea  casts  were  identi¬ 
cal  with  those  of  sectioned  birch.  The  authors  believe  this  evi¬ 
dence  of  the  intimate  contact  of  the  resin  and  wood  firmly  sup- 
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Figure  4  ( Right ).  Normal  Panel  (X  7.5) 

ereophotograph  showing  extreme  penetration  into  one 
itside  veneer,  a,  and  center  veneer,  b.  Very  little  resin 
IS  penetrated  into  outside  veneer,  c.  Photograph  indicates 
variation  in  penetration  due  to  wood  structure. 


orts  the  theories  of  both  specific  and  me- 
aanical  adhesion. 

On  the  other  hand,  failure  to  confirm  the 
iews  of  McBain  and  Lee,  Maxwell  and 
oletika,  that  there  is  a  good  negative  corre- 
ition  between  the  thickness  of  the  glue  line 
nd  the  strength  of  the  bond,  appears  to  be 
dated  to  the  structure  of  the  veneers 
sed  in  making  plywood.  The  veneer  surface,  normally  variable 
l  character  from  point  to  point,  is  more  or  less  open,  more  or  less 
jperficially  fractured,  and  possesses  a  chemical  character  differ- 
nt  from  metals,  rubber,  and  plastics.  These  materials  are 
omogeneous  in  a  way  in  which  wood  is  not,  and  it  is  reasonable 
hat  the  thinness  and  the  strength  of  the  bond  should  show  a  good 
egative  correlation. 

This  technique  permits  the  critical  examination  of  many  kinds 
f  phenol-formaldehyde  glue  lines.  Striking  variations  in  the 
lue  line  due  to  wood  structure  occur  within  areas  smaller  than  1 
quare  inch  (Figure  3).  The  stereophotographs  reveal  that 
ellow  birch  is  normally  wetted  and  freely  penetrated  by  the  un- 
'olymerized  resin.  Since  general  wetting  is  usually  observed 
a  both  good  and  bad  panels,  it  is  concluded  that  certain  factors 
ather  than  the  variation  in  specific  adhesion  of  resin  to  wood 
,re  involved  in  the  variable  quality  of  plywood  panels.  The 
elation  of  these  factors  to  observed  types  of  failure  is  discussed 
ielow,  although  evidence  is  limited. 


adjoining  vessels  has  occurred,  failure  ordinarily  takes  place 
within  the  wood  near  the  glue  line.  The  failure  at  this  point  is 
believed  to  be  related  to  the  fact  that  the  surface  structure  of  the 
wood  in  all  sectioned  material  is  necessarily  damaged  during  cut¬ 
ting  and  that  in  badly  cut  veneers,  the  undamaged  core  may  not 
be  very  thick.  It  would  appear  that  a  panel  bonded  under  nor¬ 
mal  conditions  cannot  attain  its  maximum  strength  unless  resin 
penetration  has  at  least  reached  the  undamaged  core. 

Low  Pressure  Failure.  Examination  of  panels  bonded 
under  low  pressure  appears  to  indicate  that  failure  is  related  to 
the  decrease  in  contact  area  between  resin  and  wood  and  espe¬ 
cially  to  the  fact  that  the  wetted  wood  has  probably  been  weakened 
during  cutting.  There  is  no  indication  that  moderately  thick 
glue  lines  are  not  strong.  Cracked  and  brittle  resin  has  not  been 
indicated  as  a  principal  cause  of  failure. 

High  Moisture  Content.  Examination  of  high  moisture 
bonded  panels  indicates  that  starvation  is  the  essential  cause  of 
failure.  The  presence  of  excess  moisture  results  in  distribution 
so  extensive  that  only  small  amounts  of  resin  are  present  in  the 
critical  zone. 


OBSERVED  TYPES  OF  FAILURE 


CONCLUSIONS 


Normal  Panel  Failure.  In  panels  where  the  glue  line  is 
elatively  continuous  and  moderate  penetration  of  resin  into  the 


A  new  technique  for  phenolic  resin  glue  line  analysis  permits  the 
rapid  analysis  of  glue  line  structure  without  resorting  to  the 
laborious  and  time-consuming  methods  of  section  analysis.  It 
avoids  damage  to  brittle  glue  line  structures  which  cannot  be 
sectioned  even  when  the  best  methods  of  softening  are  employed. 
To  obtain  a  good  bond  the  resin  must  penetrate  below  the  sur¬ 
face,  which  is  usually  damaged  by  the  cutting  tool. 

Observations  indicate  that  adhesion  cannot  be  attributed  to 


Figure  5.  Resin  Casts  of  Pits  (X  1060) 

Photomicrograph  showing  resin  mold  of  two  tracheae,  a  and  b,  and  connecting  pits,  c 


Figure  6.  Fiber  Casts  (X  1240) 


Photomicrograph  showing  granular  structure,  a,  and  rough  surface,  b,  of  fiber  cast,  c 
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either  the  specific  or  the  mechanical  theory  but  is  dependent  on 
the  combination  of  the  two. 
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X-Ray  Identification  and  Crystallography  of  Aldehydes 
and  Ketones  as  the  2,4-Dinitrophenylliydrazones 

GEORGE  L.  CLARK,  WILBUR  I.  KAYE1,  and  THOMAS  D.  PARKS2 
Noyes  Chemical  Laboratory,  University  of  Illinois,  Urbana,  III. 


IN  THE  past  few  years  a  considerable  amount  of  research  has 
been  undertaken  to  work  out  systematic  and  practical 
methods  of  organic  analysis  for  carbonyl  compounds  using  a  solu¬ 
tion  of  2,4-dinitrophenylhydrazine  (2,  8, 13). 

The  reagent  is  usually  prepared  by  dissolving  2,4-dinitro- 
phenylhydrazine  in  ethyl  alcohol  acidified  with  either  hydro¬ 
chloric  or  sulfuric  acid.  The  addition  of  an  aldehyde  or  ketone 
to  such  a  solution  usually  results  in  the  rapid  formation  of  crys¬ 
tals  of  the  corresponding  2,4-dinitrophenylhydrazone.  If  the 
aldehyde  or  ketone  initially  does  not  contain  any  great  amount 
of  impurities  and  if  the  derivative  is  carefully  purified  by  re- 
crystallization,  the  aldehyde  or  ketone  undergoing  analysis  is 
identified  from  the  color,  optical  properties,  and  melting  point 
of  the  derivative. 

When  the  unknown  substance  contains  a  mixture  of  aldehydes 
or  ketones,  the  problem  of  identification  becomes  difficult  since 
the  melting  point,  which  is  the  most  widely  used  test,  is  so  easily 
lowered  by  the  presence  of  impurities.  Furthermore,  Brand- 
statter  %)  has  shown  recently  by  thermal  analysis  the  marked 
tendency  of  these  hydrazones  to  form  solid  solutions  with  one 
another.  Recourse  is  then  usually  taken  to  separation  of  the 
aldehyde  or  ketone  by  fractional  distillation  or  crystallization 
before  identification  with  the  2,4-dinitrophenylhydrazine  re¬ 
agent.  Such  a  procedure  is  time-consuming  and  any  improvement 
may  be  considered  valuable. 

Two  instrumental  methods  have  been  suggested  for  identifying 
the  derivatives  of  aldehydes  and  ketones  which  are  affected  to  a 
lesser  extent  by  the  presence  of  impurities  than  is  the  usual 
method  of  melting  point  determinations.  These  are  dependent 
upon  optical  crystallographic  properties  (refractive  indices) 
of  the  derivative  (6)  a'nd  the  x-ray  powder  patterns  (3). 

The  major  field  of  contention  in  the  use  of  2,4-dinitrophenyl¬ 
hydrazine  as  a  reagent  for  the  identification  of  aldehydes  and 
ketones  lies  in  the  rather  large  number  of  modifications  which 
have  been  reported  from  time  to  time.  The  exact  nature  of  these 
modifications  has  caused  much  speculation.  Two  modifications 
of  acetaldehyde-2, 4-dinitrophenylhydrazone  have  been  clearly 
shown  to  exist  ( 6 )  as  well  as  two  modifications  of  derivatives  of  the 
furan  series  (5).  Still  other  modifications  of  these  and  other 
compounds  seem  likely  in  view  of  the  varied  reports  of  crystal¬ 
line  properties  and  melting  points  (7,  7, 12). 

1  Obtained  results  on  aldehydes.  Present  address,  Tennessee  Eastman 
Corp.,  Kingsport,  Tenn. 

2  Obtained  results  on  ketones.  Present  address,  Shell  Development  Co., 
Emeryville,  Calif. 


The  present  x-ray  diffraction  investigation  was  undertaken, 
therefore,  with  the  intention  of  clarifying  uncertainties  concern¬ 
ing  these  derivatives  which  are  involved  in  this  important 
method  of  identifying  aldehydes  and  ketones,  and  of  demon¬ 
strating  the  value  of  x-ray  methods  in  many  fields  of  organic 
analysis,  both  qualitative  and  quantitative,  especially  in  series  of 
related  compounds  of  some  complexity.  In  this  paper  are  pre¬ 
sented  data  on  the  unit  cell  dimensions  and  space  groups  of  a 
number  of  aldehyde  and  ketone  2,4-dinitrophenylhydrazones, 
several  of  which  are  polymorphic;  powder  pattern  data  for  rapid 
and  certain  identification  by  the  organic  analyst  of  aldehydes 
and  ketones,  together  with  techniques  of  handling  micro  or  semi¬ 
micro  quantities  of  specimens;  and  a  logical  extension  to  quanti¬ 
tative  analysis  of  pure  and  mixed  aldehydes. 

SINGLE  CRYSTAL  ANALYSES  OF  UNIT  CELLS  AND  SPACE  GROUPS 

With  single  crystals  which  are  ordinarily  easily  obtained,  rota¬ 
tion,  oscillation,  and  Weissenberg  patterns  have  been  made,  the 
last  type  being  especially  valuable  in  this  study;  powder  patterns 
were  made  in  cameras  specially  designed  and  constructed  for 
penicillin  studies,  in  which  the  samples  in  cellulose  acetate  capil¬ 
lary  tubes  are  rotated  during  exposure.  Reciprocal  lattice  pro¬ 
jections  were  made  in  all  cases,  but  indexing  of  spots  on  the  equi- 
inclination  Weissenberg  patterns  was  easily  possible  by  inspec¬ 
tion  of  zones.  All  pertinent  data  including  probable  space  groups 
on  the  derivatives  of  formaldehyde,  acetaldehyde,  propionalde- 
hyde,  butyraldehyde,  crotonaldehyde,  furfuraldehyde,  and  di¬ 
methyl  ketone  are  assembled  in  Table  I.  Typical  procedures  are 
illustrated  with  the  case  of  the  formaldehyde  compound. 

Formaldehyde-2, 4-Dinitrophenylhydrazone  Prepara¬ 
tion.  The  formaldehyde-2, 4-dinitrophenylhydrazone  was  pre¬ 
pared  by  adding  40%  formaldehyde  solution  to  a  hot  concen¬ 
trated  solution  of  2,4-dinitrophenylhydrazine  dissolved  in 
methyl  alcohol  approximately  2  A  in  hydrogen  chloride.  When 
cooled  the  crystals  were  filtered  and  air-dried,  then  recrystallized 
once  from’hot  90%  ethyl  alcohol  and  three  times  from  hot  iso¬ 
butanol.  The  last  recrystallization  was  slow  and  resulted  in  the 
growth  of  yellow  needles  and  platelets  about  2  to  5  mm.  in 
length. 

Properties  of  the  Crystals.  The  formaldehyde-2, 4-dini- 
trophenylhydrazone  crystals  melted  at  166°  C.  (uncorrected) 
agreeing  with  the  literature  (6).  The  density  of  the  crystals  as 
measured  by  floating  in  a  mixture  of  methyl  iodide  and  ethyl 
bromide  was  1.592  ±  0.010  grams  per  ml.,  the  density  of  the 
liquid  being  determined  with  a  25-ml.  boot  specific  gravity  bottle 
at  25°  C.  The  needle-shaped  crystals  are  similar  to  the  plate¬ 
lets  in  being  elongated  along  the  c  axis,  the  difference  being  in  the 
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X-ray  diffraction  data  are  used  to  characterize  12  different  crystalline 
aldehyde-2, 4-dinitrophenylhydrazones  from  6  different  aldehydes 
and  16  ketone  derivatives  from  15  ketones  using  Weissenberg,  rota¬ 
tion,  oscillation,  and  powder  patterns.  This  series  was  selected  be¬ 
cause  of  its  importance  in  organic  analysis  of  aldehydes  and  ketones; 
because  there  is  no  previous  record  of  investigation  outside  of  frag¬ 
mentary  optical  data;  and  because  it  afforded  excellent  experience 
in  extending  the  most  modern  techniques,  particularly  in  distinction 
between  polymorphic  forms  and  in  use  of  micro  quantities  of  speci¬ 
mens.  This  study  has  involved  the  practical  reciprocal  lattice  inter¬ 
pretation  of  the  powder  pattern  of  a  triclinic  crystal.  Polymorphism 
is  very  generally  observed  in  the  series  of  hydrazones.  Each  is 
uniquely  distinguished  by  its  x-ray  powder  diffraction  pattern  far  better 
than  by  color,  habit,  or  melting  point.  A  micromethod  of  qualitative 
analysis  for  pure  and  mixed  carbonyl  compounds  is  described. 
Aside  from  the  necessary  x-ray  equipment  the  apparatus  required  is 
readily  available.  Ordinarily  0.1  mg.  is  the  minimum  amount 
necessary;  however,  single  crystals  smaller  than  1  microgram  may 
be  identified.  Tables  listing  the  three  most  intense  powder  dif¬ 
fraction  lines  and  the  innermost  line  make  possible  the  identifica¬ 
tion  of  28  hydrazones.  This  method  has  the  advantage  of  analyzing 
mixtures  of  carbonyl  compounds  which  would  be  difficult  by  exist¬ 
ing  methods.  The  qualitative  micromethod  is  converted  to  a  quan¬ 
titative  method  by  accurate  measurement  of  the  line  densities  of 
known  mixtures  of  the  aldehyde  derivative  with  sodium  fluoride  as 
an  internal  standard.  Standard  intensity  ratios  are  given  for  a  number 
of  the  aldehyde  derivatives. 


growth  of  the  { 100  J  form  of  the  platelets.  The  angles  between 
the  faces  parallel  to  the  c  axis  were  measured  as  the  angles  through 
which  the  needle-shaped  crystal  had  to  be  rotated  to  bring  suc¬ 
cessive  faces  into  position  to  reflect  a  beam  of  light  into  a  tele¬ 
scope  placed  on  the  Weissenberg  camera.  A  cleavage  plane  mak¬ 
ing  an  angle  of  52°  with  the  c  axis  in  the  ac  plane  was  observed. 

Experimental  X-Ray  Data.  Rotation  and  Weissenberg 
patterns  for  zero,  first,  and  second  layer  lines  were  made  around 
the  b  and  c  axes  from  which  bo  and  Co  unit-cell  dimensions  are  di¬ 
rectly  measured,  while  ao  is  calculated  from  appropriate  inter¬ 
ferences  on  the  zero  layer  line  pattern  from  rotation  around  the 
b  and  c  axes.  No  systematic  extinctions  are  observed  for  zero, 
first,  or  second  layer  lines. 

Since  greater  precision  could  be  obtained  with  the  powder 
camera  of  7.0-cm.  radius,  patterns  were  made  both  on  Agfa  non¬ 
screen  film  and  Eastman  Type  A  fine  grain  film;  the  latter  pat¬ 
tern  was  then  microphotometered.  with  the  Leeds  &  Northrup 
recording  instrument. 

The  construction  of  the  reciprocal  lattice  projection  of  a  tri¬ 
clinic  unit  cell  cannot  be  made  with  a  simple  drawing  as  can  be 
done  with  orthogonal  unit  cells.  From  the  projection  of  the  XY 
plane  the  lines  may  be  indexed  as  arisfrig  from  hkO  planes;  the 
XZ  plane  projection  indexes  the  lines  hOl  and  the  YZ  projection 


indexes  the  lines  as  from  0 kl  planes.  These  reciprocal  lattice 
projections  have  been  constructed  from  data  obtained  from  the 
Weissenberg  patterns  as  follows: 

Consider  first  the  lines  from  the  planes  hkO.  The  interferences 
from  the  zero  layer  line  photograph  about  the  c  axis  were  tabu¬ 
lated  in  order  of  decreasing  “d”  values.  The  lines  on  the  powder 
pattern  will  occur  in  this  same  order  and  may  be  rapidly  indexed 
until  the  planes  begin  to  overlap  with  the  planes  having  indexes 
0 kl,  hOl,  or  hkl.  The  intensity  measurements  serve  as  a  check. 
The  Weissenberg  pattern  of  the  zero  layer  line  about  the  b  axis 
was  used  in  a  similar  manner  to  construct  the  hOl  lattice  layer. 
This  procedure  cannot  be  followed  in  indexing  the  YZ  plane 
(0 kl),  since  no  Weissenberg  pattern  was  obtained  with  the  crystal 
rotated  about  the  a  axis.  However,  it  was  observed  that  the 
021  spot  on  the  first  layer  line  Weissenberg  pattern  of  the  crystal 
rotated  about  the  c  axis  was  very  intense.  Calculation  of  the 
“d”  value  of  this  spot  on  the  Weissenberg  film  leads  to  a  value  of 
3.08  A.  This  calculation  was  made  using  the  equation 

cos  29  =  cos  <f>  cos  n 

where  9  is  the  Bragg  angle,  <f>  is  equal  to  (x/r)360/2x  (where  x 
is  the  measured  distance  of  the  spot  from  the  center  of  the  film, 
and  r  is  the  radius  of  the  camera),  and  m  =  tan-1  q/r  (where 
q  is  the  distance  from  the  zero  to  the  first  Jayer  line).  Knowing 
that  line  13  on  the  pow'der  pattern  is  the  021  line,  it  is  possible  to 
draw  the  reciprocal  lattice  projection  of  the  0 kl  plane. 

From  the  reciprocal  lattice  projections  of  the  powder  pattern 
together  with  single  crystal  data  from  Laue,  rotation,  oscillation, 
and  Weissenberg  patterns  it  is  possible  to  describe  the  unit  cell 
with  fair  accuracy.  We  may  then  say  that  the  unit  cell  of 
f onnaldehyde-2,4-dinitrophenylhydrazone  is  triclinic : 

ao  =  10.00  ±  0.03  A.  a  =  94° 

b0  =  10.41  ±0.05  0  =  95° 

Co  =  4.23  ±  0.03  7  =  87° 

Since  there  were  no  systematic  extinctions  observed,  the  space 
group  must  be  PI  or  PI.  From  the  measured  density  of  the 
crystal,  the  number  of  molecules  per  unit  cell  is  2.08  according  to 
the  formula 

n  =  p  V /1.65  M 

where  p  is  the  density,  V  the  volume  of  the  unit  cell  in  cubic 
Angstroms,  and  M  is  the  molecular  weight.  This  indicates  two 
molecules  per  unit  cell.  The  space  group  PI  has  one  equivalent 
position  per  unit  cell,  while  space,  group  PI  has  two.  Since  the 
formaldehyde-2, 4-dinitrophenylhydrazone  molecule  must  be 
asymmetric  we  may  ascribe  the  probable  space  group  PI  to  this 
crystal. 

POLYMORPHISM  OF  2,4-DINITROPHENYLHYDRAZONES 

Proceeding  in  similar  fashion  11  other  aldehyde  and  2  ketone 
derivatives  have  been  analyzed  as  summarized  in  Table  I.  Only 
the  formaldehyde  and  crotonaldehyde  compounds  have  only  one 
form :  all  others  are  di-  or  trimorphic.  Analyses  have  indicated 
that  these  variations  are  not  the  result  of  impurities.  In  all  cases 
the  original  aldehydes  and  ketones  were  purified  so  that  any 
sample  had  a  boiling  point  range  of  less  than  1°.  The  powder 
diffraction  spacings  which  are  listed  in  Tables  II  and  III  are 
highly  characteristic  and  reproducible  for  each  compound.  Both 


Table  I.  Crystallographic  Data  of  2,4-Dinitrophenylhydrazones 


Compound 

Color 

Habit 

Solvent 

M.P. 
0  C. 

Formaldehyde 

Yellow 

Tabular  (010) 

Isobutanol 

166 

Acetaldehyde  I 

Yellow 

Tabular  (001) 

n-Propanol 

166 

Acetaldehyde  II 

Orange 

Aciculara 

71-Propanol 

165 

Propionaldehyde  I 

Red 

Acicular0 

Xylene 

150 

Propionaldehyde  II 

Orange 

Acicular 

Ethanol 

148 

n-Butyraldehyde  I 

Yellow 

Aciculara 

Methanol 

123 

n-Butyraldehyde  II 

Orange 

Acicular0 

Methanol 

122 

n-Butyraldehyde  III 

Amber 

Tabular 

Methanol 

122 

Crotonaldehyde 

Red 

Acicular0 

Benzene 

190 

Furfuraldehyde  I 

Red  (deep) 

Prisms 

Acetone 

223 

Furfuraldehyde  II 

Red  (light) 

Pyramids 

Acetone 

218 

Furfuraldehyde  III 

Yellow 

Acicular0 

Ethylene  dichloride 

199 

Dimethyl  ketone  I 

Yellow 

Tabular 

Ethanol 

126 

Dimethyl  ketone  II 

Yellow 

Acicular 

Ethyl  ether 

114 

°  Elongation  parallel  to  a  axis. 

System 

ao 

bo  • 

CO 

Axial 

Angle 

Density 

n 

S.G. 

Triclinic 

10.00 

10.41 

4.23 

a 

= 

94° 

1.592 

2 

Pi 

Tetragonal 

7.15 

7.15 

18.69 

0 

y 

A 

95° 

87° 

1.541 

4 

P42/n 

Orthorhombic 

5.06 

10.6 

17.3 

1.51 

4 

P2i2i2 

Orthorhombic 

5.34 

11.44 

17.35 

4 

C22,2 

Orthorhombic 

4.90 

17'.  9 

54.6 

1.3' 

Orthorhombic 

7.0 

25.0 

25.8 

1.3 

Orthorhombic 

7.55 

25.3 

P2i2i2 

Orthorhombic 

4.63 

13.05 

18.30 

1.43 

4 

Monoclinic 

7.63 

13.23 

13.07 

0 

= 

99° 

4 

P2/  m 

Monoclinic 

? 

? 

28.3 

P2/'m 

Monoclinic 

3.63 

11.7 

7.7 

0 

= 

95° 

1 

Triclinic 

7.12 

8.04 

9.91 

a 

= 

66° 

1.42 

2 

Pi 

Orthorhombic 

5.22 

11.0 

22.6 

0 

7 

= 

86° 

102° 

1.4 

4 

P2i2i2 
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temperature  and  solvent  are  factors  in  crystallization  of  a  par¬ 
ticular  type.  In  two  instances  two  kinds  of  crystals  have  ap¬ 
peared  together  but  could  be  easily  separated  mechanically. 
An  interesting  general  property  observed  is  that  the  acicular 
crystals  were  all  elongated  parallel  to  the  shortest  unit  cell 
dimension,  and  the  tabular  crystal  had  planes  of  flattening  which 
were  normal  to  the  longest  unit  cell  dimension. 

Several  of  these  modifications  have  not  been  reported  in  the 
literature  as  such— namely,  acetaldehyde  II,  propionaldehyde 
II,  butyraldehyde  II  and  III,  furfuraldehyde  I,  and  dimethyl 
ketone  II.  On  the  other  hand  the  reported  acetaldehyde  deriva¬ 
tion  with  stable  form  from  sublimation  ( 6 )  could  not  be  repro¬ 
duced  with  as  careful  repetition  of  conditions  as  possible. 


QUALITATIVE  ANALYSIS  WITH  MICRO  QUANTITIES  FROM  POWDER 
DIFFRACTION  PATTERNS 


Table  II,  which  gives  interplanar  spacing  “d”  values  and  in¬ 
tensities  of  the  three  or  four  most  intense  lines  from  the  powder 
x-ray  diffraction  patterns  of  the  aldehyde-2, 4-dinitrophenyl- 
hydrazones  whose  unit  cell  dimensions  and  space  groups  have 
been  determined  and  listed  in  Table  I,  and  Table  III,  of  those 
values  for  ketone  derivatives,  provide  a  system  of  qualitative 
analysis  for  aldehydes  and  ketones.  The  amount  of  2,4-dini- 
trophenylhydrazine  derivative  necessary  for  an  x-ray  powder 
pattern  is  about  0.1  to  0.5  mg.;  however,  satisfactory  single 
crystal  patterns  have  been  taken  of  crystals  smaller  than  10~6  cc. 
(1  microgram).  Fortunately,  the  required  degree  of  purity  is 
not  nearly  so  great  as  that  required  for  melting  point  determina¬ 
tions  and  the  impurities  themselves  may  be  determined  if  present 
in  quantities  greater  than  5%. 


Apparatus.  The  apparatus  necessary  for  preparing  the  de¬ 
rivative  in  micro  quantities  may  be  easily  assembled  from  glass 
tubing  and  commercial  semimicro  equipment.  The  essential 
equipment  consists  of  eye  droppers  with  the  ends  drawn  into 
short  capillary  tubes;  small  centrifuge  tubes  with  constricted 


Table  II.  "d"  Values  of  Most  Intense  Lines  of  2,4-Dinitrophenylhydrazine 
and  Its  Aldehyde  Derivatives  in  Order  of  Decreases  Intensity 

(Relative  intensity  I/I o  in  parentheses) 


Compound 

I 

II 

III 

IV° 

2,4-D.P.H. 

3.50  (1.0) 

3.15  (0.6) 

5.81  (0.6) 

8.9  (0.5) 

2,4-D.P.H-HCl 

3.18  (1.0) 

3.54  (0.8) 

2.68  (0.5) 

8.0  (0.2) 

2.4-D.P.H.-HC1  decomposed 

3.11 

3.91 

4.51 

7.0 

in  vacuum 

10.3  (0.86) 

Formaldehyde,  yellow 

3.08  (1.0) 

3.62  (0.97) 

3.47  (0.88) 

Acetaldehyde  I,  yellow 

3.21  (1.0) 

9.35  (0.70) 

4.65  (0.37) 

9.35  (0.70) 

Acetaldehyde  II,  orange 

9.2  (1.0) 

3.20  (0.92) 

6.8  (0.38) 

9.2  (1.0) 

Propionaldehyde  I,  red 

9.6  (1.0) 

3.24  (0.70) 

4.30  (0.39) 

9.6  (1.0) 

Propionaldehyde  II,  orange 

11.0  (1.0) 

3.30  (0.8) 

4.75  (0.3) 

11.0  (1.0) 

n-Butyraldehyde  I,  yellow 

14.0  (1.0) 

3.77  (0.32) 

3.21  (0.31) 

14.0  (1.0) 

n-Butyraldehyde  II,  orange 

11.7  (1.0) 

3.50  (0.38) 

3.48  (0.29) 

13.7  (0.16) 

n-Butyraldehyde  III,  amber 

12.6  (1.0) 

3.28  (0.83) 

4.33  (0.26) 

12.6  (1.0) 

Crotonaldehyde,  red 

3.22  (1.0) 

3.26  (1.0) 

10.9  (1.0) 

10.9  (1.0) 

Furfuraldehyde  I,  red-black 

3.17  (1.0) 

3.20  (0.76) 

4.20  (0.58) 

13.7  (0.4) 

Furfuraldehyde  II,  red 

3.24  (1.0) 

5.68  (0.3) 

5.36  (0.19) 

11.7  (0.03) 

Furfuraldehyde  III,  yellow 

3.26  (1.0) 

6.17  (0.5) 

7.7  (0.34) 

11.7  (0.29) 

end  for  collecting  the  precipitate  into  a  compact  small  space; 
small  centrifuge  and  x-ray  powder  cameras. 

For  the  x-ray  patterns  the  powder  samples  were  held  in  cellu¬ 
lose  acetate  tubes,  prepared  in  a  manner  similar  to  that  described 
by  Fricke,  Lohrmann,  and  Schroeder  (9).  For  this  qualitative 
analysis  of  very  small  amounts,  the  cellulose  acetate  tubes  pre¬ 
pared  on  No.  24  Chromel  wire  have  been  found  more  suitable 
than  those  on  copper  wire,  since  in  small  sizes  Chromel  wires  are 
more  easily  handled  than  copper  wires.  After  stretching  the 
wire  coated  with  the  cellulose  acetate,  the  tubes  have  an  internal 
diameter  of  approximately  0.35  mm. 

The  powder  camera  was  designed  for  recording  diffraction  pat¬ 
terns  of  organic  materials.  The  radius  from  sample  to  film  is 
7.00  ±  0.01  cm.  Minimum  exposure  time  is  gained  by  placing  the 
back-defining  pinhole  of  0.254-  or  0.635-mm.  (0.010-  or  0.025-inch) 
diameter  on  the  circumference  of  the  camera  and  a  guarded  pin¬ 
hole  of  0.635  or  1.02  mm.  (0.025  or  0.40  inch)  in  place  1.25  cm. 
(0.5  inch)  from  the  sample.  With  these  relatively  large  front 
pinholes,  exposure  times  could  be  shortened  without  appreciably 
losing  definition  through  line  broadening  from  angles  greater 
than  20°  from  the  central  beam.  A  conically  machined  collimat¬ 
ing  tube  holding  the  camera  to  the  Machlett-type  diffraction  tube 
assures  positive  alignment  of  the  x-ray  beam.  A  small  beam 
trap  and  central  mounting  of  the  specimen  rotated  or  oscillated 
by  a  reversing  motor  permit  the  registration  of  spacings  of  less 
than  40  A.  and  measurement  on  both  sides  of  the  central  beam. 

Technique  of  Qualitative  Analysis.  The  sample  for  such 
an  exposure  as  that  of  formaldehyde-2, 4-dinitrophenylhydrazone 
was  prepared  by  adding  approximately  1  drop  of  a  40%  formal¬ 
dehyde  solution  wdth  an  eye  dropper  to  a  0.3  ml.  of  a  methyl 
alcohol-hydrochloric  acid  solution  of  2,4-dinitrophenylhydrazine 
in  one  of  the  small  centrifuge  tubes.  This  solution  of  2,4- 
dinitrophenylhydrazine  was  prepared  by  dissolving  1  gram  of 
2,4-dinitrophenylhydrazine  in  25  ml.  of  methyl  alcohol  containing 
approximately  2  equivalents  of  hydrochloric  acid  gas  per  liter  of 
alcohol.  Such  a  solution  has  been  found  relatively  more  stable 
for  high  concentrations  of  2,4-dinitrophenylhydrazine  than 
ethyl  alcohol-sulfuric  acid  solutions.  After  allowing  the  solution 
of  the  formaldehyde  derivative  to  stand  0.5  hour  the  tube  was 
centrifuged,  the  liquid  decanted,  and  the  precipitate  washed 
twice  with  95%  ethyl  alcohol,  then  centrifuged  and  decanted 
again.  A  bit  of  filter  paper  was  used  to  remove  most  of  the  wash 
liquid,  then  the  remainder  wras  removed  by  attaching  the  centri¬ 
fuge  tube  to  a  vacuum  pump  for  15  minutes. 

A  portion  of  the  dry  sample  in  the  constricted 
end  of  the  centrifuge  tube  was  transferred  to  a 
cellulose  acetate  tube  by  forcing  some  of  the  sam¬ 
ple  into  the  open  end  of  the  cellulose  acetate  tube, 
then  tamping  the  sample  solidly  into  tube  with 
another  Chromel  wire. 


°  Innermost  line. 


Evaluation  of  Powder  Patterns.  Since 
there  is  a  possibility  of  contaminating  the  sam¬ 
ple  with  unchanged  2,4-dinitrophenylhydrazine 
and  its  hydrochloride,  these  powder  patterns 
were  taken;  also  a  powder  pattern  of  the  hy¬ 
drochloride  after  “decomposition”  in  a  vacuum 
for  2  hours.  This  decomposition  is  accompanied 
by  a  change  in  color  from  yellow  to  orange  red. 
These  together  with  the  derivatives  of  formalde¬ 
hyde,  acetaldehyde  (2  forms),  propionaldehyde 


Table  III.  "d"  Values  of  Most  Intense  Lines  of  Ketone-2,4-Dinitro- 
phenylhydrazones  in  Order  of  Decreasing  Intensity 


Compound  of  Ketone 

Dimethyl  I,  yellow 
Dimethyl  II,  yellow  needles 
Ethyl  methyl,  orange 
n-Propvl  methyl,  yellow- 
orange 

n-Butyl  methyl,  orange 
n-Amyl  methyl,  yellow- 
orange 

Isobutyl  methyl,  red-orange 
Diethyl,  red-orange 
Di-n-propyl,  yellow 
Diisopropyl,  red-orange 
Diisobutyl,  orange 
Pinacalone,  yellow 
Cyclopentanone,  orange 
Benzyl  methyl,  beet  red 
p-Cl-acetophenone,  scarlet 
Benzophenone,  red-orange 

°  Innermost  line. 


I  .  II 


3. 

27  (1 

■  0) 

5. 

70 

(0.62) 

9. 

45  (1 

•  0) 

11. 

15 

(0.44) 

12. 

.45  (1 

.0) 

3. 

.25 

(0.71) 

3. 

61  (1 

•  0) 

12. 

.50 

(0.78) 

12. 

.80  (1 

.0) 

7. 

.75 

(0.72) 

13 

.20  (1 

•  0) 

3 

.47 

(0.70) 

13. 

70  (1 

.0) 

7. 

.60 

(0.78) 

12. 

,60  (1 

.0) 

7. 

.10 

(0.76) 

14 

.9  (1. 

0) 

3 

.44 

(0.56) 

13. 

.7  (1. 

0) 

6 

.90 

(0.78) 

11. 

.20  (1 

.0) 

3. 

.72 

(0.63) 

14 

.0  (1. 

0) 

3 

.16 

(0.52) 

11 

.1(1. 

0) 

3 

.23 

(0.58) 

3 

.31  (1 

0) 

10.5 

(0.82) 

3 

.30  (1 

.0) 

6 

.10 

(0.60) 

18 

.2  (1. 

0) 

4 

.37 

(0.80) 

III 

IV“ 

9. 

30 

(0.54) 

9. 

30  (0.54) 

3. 

03 

(0.20) 

11. 

15  (0.54) 

7. 

10 

(0.54) 

12. 

45  (1.0) 

10. 

64 

(0.66) 

12. 

.50  (1.0) 

3 

.47 

(0.56) 

12 

.80  (1.0) 

7 

.48 

(0.48) 

13. 

.20  (1.0) 

3. 

.48 

(0.42) 

13 

.70  (1.0) 

3 

.54 

(0.37) 

12. 

.6  (1.0) 

7 

.80 

(0.30) 

14 

.9  (1.0) 

3 

.40 

(0.62) 

13 

.7  (1.0) 

4 

.45 

(0.42) 

11. 

.2  (1.0) 

7 

.42 

(0.50) 

14 

.0  (1.0) 

5 

.80 

(0.32) 

11 

.1  (1.0) 

6 

.15 

(0.78) 

10 

.5  (0.82) 

5 

.35 

(0.42) 

12 

.3  (0.32) 

8 

.80 

(0.75) 

18 

.2.  (1.0) 

(2  forms),  butyraldehyde  (3  forms),  crotonalde- 
hyde,  and  furfuraldehyde  (3  forms)  are  listed  in 
Table  II  with  the  three  most  intense  lines  in 
order  of  their  relative  intensities  in  a  manner 
similar  to  that  proposed  by  Hanawalt,  Rinn, 
and  Frevel  (11).  Since  the  innermost  line  in  all 
cases  is  usually  the  most  characteristic,  it  is  also 
tabulated.  Table  III  similarly  lists  these  data 
for  16  ketone-2, 4-dinitrophenylhydrazones.  The 
use  of  the  tables  facilitates  the  identification  of 
the  unknown  derivative.  Further  confirmation 
of  the  other  weaker  lines  in  the  powder  pattern 
of  the  unknown  may  be  made  by  reference  to 
the  tables  of  “d”  values  listed  for  each  standard 
pattern  which  in  the  interest  of  brevity  are  not 
tabulated  in  this  paper. 
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r«ble  IV.  Quantitative  Data  on  Aldehyde-2,4-Dinitrophenylhydrazones- 

Sodium  Fluoride  Patterns 


Weight 

Ratio, 

D.P.H. 

Intensities 

Intensity  Ratios 
D.P.H.  D.P.H. 

Compound 

NaF 

NaF  (200)  NaF  (220) 

D.P.H. 

NaF  (200) 

NaF  (220) 

formaldehyde 

2.54 

0.566 

0.273 

0.239 

0.42 

0.87 

1.23 

0.607 

0.950 

0.295 

0.490 

0.254 

0.185 

0.43 

0.195 

0.86 

0.378 

0.915 

0.968 

0.640 

0.472 

0.303 

0.207 

0.090 

0.214 

0.140 

0.440 

0.296 

1 . 00  (av.) 

0.680 

0.328 

0.100 

0.147 

0.165 

0.305 

0.338 

tcetaldehvde  I 

(yellow) 

17.70 

0.876 

0.440 

0.549 

0.63 

1.25 

3.19 

0.855 

0.590 

0.428 

0.281 

0.506 

0.685 

0.59 

1.16 

1.18 

2.44 

2.66 

0.551 

0.992 

0.274 

0.500 

0.579 

0.807 

1.05 

1.81 

2.11 

1.61 

1 .00  (av.) 

1.11 

0.521 

0.910 

1.82 

0.345 

1.74 

0.695 

5ropionaldehyde 

I  (red) 

2.33 

1.22 

0.77 

0.72 

0.59 

0.935 

2.37 

1.19 

1.06 

0.70 

0.65 

0.72 

0.75 

0.60 

0.71 

1.03 

1.15 

1 . 00  (av.) 

1.06 

0.67 

0.68 

0.64 

0.270 

1.01 

0.438 

3utvraldehyde  I 

(yellow) 

1.95 

0.400 

0.239 

0.51 

1.127 

2.13 

1.63 

0.370 

0.845 

0.203 

0.417 

0.45 

0.790 

1.22 

0.935 

2.21 

1.89 

1 . 00  (av.) 

0.727 

0.398 

0.770 

1.06 

0.597 

1.93 

1.14 

drotonaldehyde 

1.90 

1.05 

0.505 

0.458 

0.436 

0.907 

1.15 

1.06 

1.32 

0.534 

0.715 

0.447 

0.370 

0.420 

0.280 

0.84 

0.519 

1.00  (av.) 

1.25 

0.630 

0.367 

0.293 

0.235 

0.580 

0.465 

Furfuraldehyde  I 

(red) 

2.08 

1.20 

0.610 

0.540 

0.45 

0.89 

1.00  (av.) 

1.19 

0.622 

0.470 

0.393 

0.202 

0.755 

0.395 

’.4-D.P.H.  (un- 

combined) 

1.57 

0.885 

1.75 

0.570 

0.325 

0.645 

1.60 

0.970 

0.955 

1.87 

2.07 

0.638 

0.635 

0.340 

0.317 

0.657 

0.665 

1.00  (av.) 

0.910 

1.60 

0.560 

0.350 

0.209 

0.615 

0.408 

6.  Preparation  of  another  sample  containing 
an  unknown  amount  of  the  constituent  in  ques¬ 
tion  with  a  known  percentage  of  the  internal 
standard. 

7.  Determination  of  the  relative  line  densities 
from  the  powder  pattern. 

8.  Correction  of  density  to  give  intensity  of 
the  lines. 

9.  Calculation  of  the  ratio  of  line  intensities 
of  unknown  to  internal  standard.  Multiplication 
of  this  factor  by  the  ratio  determined  in  step 
5  will  give  the  ratio  weight  of  unknown  to  in¬ 
ternal  standard.  Knowing  the  amount  of  internal 
standard  in  the  sample  (step  6)  subjected  to  the 
x-ray  examination,  it  is  possible  to  calculate  the 
amount  of  constituent  in  question  present  in  the 
original  sample. 

When  a  film  is  used  with  a  linear  response  to 
the  x-rays,  steps  4  and  7  may  be  omitted. 

Quantitative  X-Ray  Analysis  of  Aldehydes. 
The  quantitative  analysis  of  aldehydes  was  ac¬ 
complished  in  this  manner.  Sodium  fluoride  was 
chosen  as  the  internal  standard,  since  it  could 
be  obtained  in  large  quantities  having  a  particle 
size  small  enough  to  give  smooth  sharp  diffraction 
lines  as  well  as  produce  a  relatively  simple  powder 
pattern  with  a  minimum  of  absorption  of  the 
x-ray  beam. 

The  samples  were  prepared  by  mixing  weighed 
quantities  of  the  aldehyde-2, 4-dinitrophenylhy- 
drazone  with  sodium  fluoride.  These  were  ground 
together  carefully  in  an  agate  mortar,  filled  in  a 
0.35-mm.  diameter  cellulose  acetate  tube,  and 
exposed  to  the  x-ray  beam  in  the  7.00-cm.  powder 
camera  for  2.5  to  3  hours  using  Eastman  No- 
Screen  film.  The  motor  on  the  camera  was  set 
to  rotate  through  360°  to  smooth  out  any  spots 
on  the  diffraction  lines.  The  patterns  were 
microphotometered  with  the  Leeds  &  Northrup 
recording  microphotometer. 


QUANTITATIVE  X-RAY  ANALYSIS 

The  quantitative  analysis  of  pure  aldehydes  by  precipitation 
with  2,4-dinitrophenylhydrazine  has  been  studied  carefully  by 
Iddles  and  Jackson  (IS),  who  reported  yields  greater  than  95% 
for  simple  aliphatic  aldehydes.  Their  method,  using  standard 
quantitative  procedures,  is  accurate  when  the  aldehyde  may  be 
obtained  relatively  free  of  other  carbonyl  compounds.  The 
use  of  accurate  density  measurements  of  x-ray  powder  patterns  of 
samples  containing  some  internal  standard  makes  possible  quan¬ 
titative  analysis  of  samples  of  mixed  aldehydes  and  ketones. 

Quantitative  analysis  by  the  x-ray  powder  diffraction  method 
has  been  reported  for  the  analysis  of  mineral  and  metallurgical 
samples  (10)  using  sodium  chloride  as  an  internal  standard.  These 
articles  have  dealt  rather  carefully  with  the  theory  of  line  inten¬ 
sities  but  lack  in  the  presentation  of  satisfactory  laboratory  pro¬ 
cedures.  These  articles  report  an  accuracy  of  5%  in  the  deter¬ 
mination.  This  is  probably  a  good  estimate  for  most  crystalline 
compounds,  but  under  favorable  circumstances  the  accuracy  may 
be  greater. 

The  necessary  steps  for  obtaining  a  good  quantitative  estima¬ 
tion  of  a  mixture  of  two  known  compounds  are  then: 

1 .  Calibration  of  the  film  used. 

2.  Preparation  of  a  known  mixture  of  the  compounds  in 
question  with  some  definite  amount  of  an  internal  standard  such 
as  sodium  fluoride.  The  sample  must  be  prepared  in  a  finely 
divided  state  and  thoroughly  mixed,  either  by  rapid  evaporation 
or  fine  grinding,  using  some  inert  liquid  as  a  (Aspersing  agent. 

3.  Measurement  of  the  relative  line  densities  of  the  internal 
standard  lines  and  the  lines  of  the  sample  under  consideration. 

4.  Correction  of  the  relative  line  densities  to  give  line  intensi¬ 
ties  by  using  the  film  calibration  curve. 

5.  Calculation  of  the  ratio  of  line  intensities  of  the  internal 
standard  and  sample  in  question  for  a  1  to  1  mixture. 


Table  IV  lists  the  intensity  data  from  the  series  of  aldehyde- 
2, 4-dinitrophenylhydrazone-sodium  fluoride  patterns.  Two 
different  standard  lines  (200)  and  (220)  are  chosen  for  sodium 
fluoride  and  the  strongest  line,  usually  corresponding  to  a  “d” 
spacing  near  3.20  A.,  for  the  hydrazones.  The  two  sets  of  readings 
for  each  pattern  were  obtained  from  the  two  sides  of  the  film 
upon  which  the  powder  pattern  was  registered. 

The  1  to  1  ratios  of  line  intensities  in  the  table  were  calculated 
by  dividing  the  ratio  of  intensities  of  the  aldehyde  2,4-dinitro- 
phenylhydrazone  to  sodium  fluoride  lines  (columns  VT  and  VII) 
by  the  weight  of  the  constituents  of  the  sample  (column  II). 
These  1  to  1  ratios  may  now  be  used  to  calculate  the  weight 
ratio  of  unknown  to  sodium  fluoride  in  any  given  sample,  after 
qualitative  identification  of  the  aldehyde. 


LITERATURE  CITED 

(1)  Allen,  C.  P.  H.,  and  Richmond,  J.  H.,  J.  Org.  Cham.,  2,  222 

(1937). 

(2)  Allen,  G.  F.  H„  J.  Am.  Chem.  Soc.,  52,  2955  (1930). 

(3)  Bell,  J.  V.,  Biochem.  J.,  35,  294  (1941). 

(4)  Brandstatter,  M.,  Mikrochemie  ver.  Mikrochim.  Acta,  32,  33 

(1944). 

(5)  Bredereck,  H„  Ber.,  65,  1833  (1932). 

(6)  Bryant,  W.  M.  A.,  J.  Am.  Chem.  Soc.,  54,  3758  (1932);  55, 

3201  (1933);  58,2335  (1936);  60,2815  (1938). 

(7)  Campbell,  N.,  Analyst,  61,  391  (1936). 

(8)  Curtius  and  Dedicher,  J.  prakt.  Chem.,  (2)  50,  266  (1894). 

(9)  Fricke,  R.,  Lohrmann,  O.,  and  Schroeder,  W.,  Z.  Elektrochem., 

47,  374(1939). 

(10)  Gross,  S.  T.,  and  Martin,  D.  E.,  Ind.  Eng.  Chem.,  Anal.  Ed., 

16,  95  (1944). 

(11)  Hanawalt,  J.  D.,  Rinn,  H.  W.,  and  Frevel,  L.  K.,  Ibid.,  10, 

457  (1938). 

(12)  Iddles,  H.  A.,  and  Jackson,  C.  E.,  Ibid.,  6,  454  (1934). 

(13)  Purgotti,  Gazz:  chim.  ital.,  24,  I,  55  (1894). 


Determination  of  Methyl  Chloride  in  Ail 


J.  L.  FRANKLIN,  E.  L.  GUNN,  AND  R.  L.  MARTIN,  Humble  Oil  &  Refining  Company,  Baytown,  Texas 


A  rapid  and  convenient  method  has  been  developed  for  deter¬ 
mining  low  concentrations  of  methyl  chloride  in  air  for  safety  control 
purposes.  The  method  consists  of  passing  a  measured  volume  of  air 
through  an  electric  spark  between  carbon  electrodes  and  absorbing 
the  products  of  combustion  in  sodium  arsenite  solution.  The  solu¬ 
tion  is  slightly  acidified  with  nitric  acid,  and  silver  nitrate  is  added  to 
develop  silver  chloride  turbidity.  The  amount  of  chloride  present 
is  determined  by  comparing  the  turbidity  of  the  unknown  with  that 
of  standards  similarly  prepared.  From  analyses  of  synthetic  blends 
in  concentration  ranges  of  50  to  1800  p.p.m.  the  probable  error  of 
a  single  determination  has  been  calculated  to  be  =*=10%. 


METHYL  CHLORIDE  is  used  in  the  manufacture  of  rubber 
and  in  other  industrial  chemical  processes,  and  various 
amounts  inevitably  escape  at  times  from  the  units  where  it  is  in 
use.  Because  of  its  toxicity,  its  presence  in  the  atmosphere 
in  excessive  concentrations  constitutes  a  hazard  to  workers  in  the 
area.  A  method  was  desired  which  would  determine  the  amount 
of  methyl  chloride  in  air,  so  that,  if  allowable  tolerances  were 
exceeded,  appropriate  precautions  might  be  taken.  It  was  re¬ 
quired  that  the  method  provide  satisfactory  accuracy  for  safety 
control  purposes,  be  explosionproof  for  use  in  areas  containing 
gaseous  hydrocarbons,  require  short  elapsed  time  for  a  deter¬ 
mination,  be  specific  for  chlorine  compounds,  and  be  portable, 
so  that  determinations  might  be  carried  out  in  any  designated 
area  of  the  plant. 

Various  methods  have  been  described  for  the  determination  of 
low  concentrations  of  methyl  chloride  and  other  organic  halides 
in  air  (2~4).  Although  a  high  degree  of  accuracy  has  been  re¬ 
ported  for  these  methods,  none  seemed  to  provide  the 
required  rapidity,  adaptability,  or  freedom  from  the  — 

interference  of  such  substances  as  organic  sulfur  com¬ 
pounds.  A  method  which  meets  the  specifications 
reasonably  well  has  been  developed  and  is  reported 
herein  with  experimental  results  obtained  by  the 
method  in  analyses  of  known  methyl  chloride-air 
blends. 


APPARATUS1 


Diagrams  of  the  reactor  tube  and  of  the  complete 
assembly  for  analysis  of  methyl  chloride  are  shown  in 
Figures  1  and  2. 


The  reaction  chamber  is  made  of  glass,  and  surgical 
rubber  tubing  is  used  throughout  to  provide  airtight 
connections.  The  purpose  of  the  copper  collar  (S, 
Figure  1)  is  to  prevent  loss  of  air  sample  by  diffusion 
through  the  carbon  electrodes  and  to  afford  electrical 
contact  with  the  carbon  electrodes.  The  glass  plug, 
E,  serves  to  make  the  apparatus  airtight  and  to  aid  in 
spacing  the  electrode  gap.  The  flame  arrester,  G, 
which  consists  of  a  2.5-cm.  (1-inch)  length  roll  of  100- 
mesh  copper  gauze  inserted  into  a  glass  tube,  pre¬ 
vents  explosion  of  hydrocarbon  mixtures  which  might 
be  drawn  into  chamber  A,  Figure  2,  which  should  be 
of  known  volume.  A  vessel  of  250-  to  300-ml. 
capacity  should  provide  a  sample  large  enough  to  give 
satisfactory  accuracy  for  most  measurements  made 
for  safety  control  purposes;  however,  for  concentra¬ 
tions  less  than  200  p.p.m.,  greater  accuracy  may  be 
provided  by  use  of  a  larger  volume  of  sample.  The 
chamber  is  fitted  with  a  three-way  stopcock,  so  that 
the  sample  may  be  drawn  into  it  directly  from  the 
area  to  be  tested  and  later  passed  through  the  re¬ 
actor. 

The  electrodes  are  made  of  0. 25-inch  diameter 
spectrographic  carbon  rods.  A  supply  of  hollow 


electrodes  ( C ,  Figure  1)  is  prepared  by  the  use  of  0.125-  and  0.063- 
inch  metal  drills.  The  absorber,  D,  is  fitted  with  a  fritted-glass 
disperser  to  ensure  complete  scrubbing  of  the  combustion  prod¬ 
ucts.  The  fritted-glass  disk  should  be  porous  enough  so  that  a 
pressure  of  4  to  6  cm.  of  mercury  is  adequate  for  passage  of  the 
sample  through  the  sodium  arsenite  solution  at  the  desired  rate,  in 
order  to  minimize  the  possibility  of  leakage.  Experimentation  has 
shown  that  one  absorber  is  sufficient  to  ensure  complete  removal 
of  chlorine  and  its  compounds  from  the  combustion  products. 

The  complete  assembly  with  such  accessory  parts  as  Nessler 
tubes,  standard  solutions,  and  buret  should  weigh  less  than  40 
pounds  when  built  into  a  compact  portable  unit.  The  electrical 
parts  may  be  installed  in  this  unit  in  a  way  which  eliminates  the 
explosion  hazard  of  an  exposed  electric  spark.  As  an  alternative 
method  of  determining  chlorides,  a  nephelometer  may  be  built 
into  the  unit,  and  undoubtedly  wall  provide  greater  accuracy  of 
measurement  than  that  provided  by  visual  comparison  of  the 
unknown  with  turbidity  standards.  Since  the  apparatus  can  be 
used  wherever  110- volt  alternating  current  outlet  is  available, 
practically  any  point  in  the  plant  is  accessible  for  a  determina¬ 
tion. 

The  apparatus  must  be  checked  to  make  sure  that  all  con¬ 
nections  are  airtight,  and  any  worn  rubber  connections  replaced. 
Any  leakage  will,  of  course,  reduce  the  accuracy  of  the  deter¬ 
mination. 


REAGENTS 


Sodium  arsenite,  approximately  0.1  N.  Dissolve  4  grams  of 
c.p.  sodium  hydroxide,  then  4.9  grams  of  c.p.  arsenic  trioxide  in 
50  ml.  of  water.  Make  up  to  a  volume  of  1  liter  with  distilled 
water. 

Standard  chloride,  1  ml.  containing  0.1  mg.  of  chloride.  Dis¬ 
solve  1.648  grams  of  fused  c.p.  sodium  chloride  in  1  liter  of  dis¬ 
tilled  water.  Dilute  100-ml.  aliquot  of  this  solution  to  1  liter 
to  prepare  a  solution  containing  0. 1  mg.  of  chloride  per  ml. 

Silver  nitrate,  approximately  1  N.  Dissolve  17 
grams  of  c.p.  silver  nitrate  in  100  ml.  of  distilled  water. 

Nitric  acid,  concentrated  c.p.  stock  reagent. 

E  Phenolphthalein  indicator. 

The  use  of  chloride-free  reagents  throughout  is 
emphasized. 


B 


PROCEDURE 
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Figure  1.  Reac¬ 
tion  Chamber 


Patent  applied  for. 


A.  Inlet 

B.  Copper  collar 

C.  Hollow  carbon 
electrode.  Vs  and 
l/zi  inch  diameter 

D.  Outlet 

E.  Glass  plus 


The  sample  to  be  analyzed  is  drawn  by  mercury 
displacement  into  chamber  A.  Before  closing  the 
stopcock  to  the  outside  after  drawing  in  the  sample, 
the  stopcock  between  A  and  B  is  closed,  so  that  the 
sample  in  A  will  be  at  atmospheric  pressure. 

About  15  ml;  of  0.1  N  sodium  arsenite  solution  are 
added  to  absorber  D.  Sodium  arsenite  is  used  as  the 
absorption  medium,  so  that  any  chlorine  or  oxy- 
chlorine  compounds  that  may  be  formed  in  the  spark 
will  be  reduced  to  chloride. 

The  spark  is  started  by  connecting  the  primary  of 
transformer  F  to  a  110-volt  alternating  current  sup¬ 
ply.  It  is  important  that  the  electrodes  be  properly 
spaced  and  in  good  condition,  so  that  an  even  spark 
will  be  obtained.  Electrodes  too  greatly  separated  do 
not  spark  evenly,  while  those  too  close  together  tend 
to  generate  too  much  heat.  This  spacing  must  be 
determined  by  trial.  Occasionally  the  electrodes 
become  badly  pitted  and  must  be  removed  and  re¬ 
shaped.  The  reshaping  can  easily  be  done  with  a 
pencil  shai’pener  and  a  knife. 

The  air  sample  in  A  is  passed  through  the  spark  in 
the  reactor  and  absorber  D  by  raising  the  mercury 
reservoir,  B,  opening  the  three-way  stopcock  to  con¬ 
nect  A  and  C,  and  opening  the  stopcock  between  .4 
and  B  enough  to  permit  passage  of  a  275-ml.  sample 
in  7  to  8  minutes.  With  experience  the  operator  can 
learn  to  adjust  the  flow  quickly  to  the  desired  rate  of 
30  to  40  ml.  per  minute.  When  all  the  air  sample 
has  been  forced  through  the  reactor,  the  one-way 
stopcock  below  B  is  closed  immediately  and  the  elec¬ 
trode  spark  discontinued.  One  hundred  milliliters 
of  chloride-free  air  should  be  used  to  flush  out 
the  reactor  after  each  determination,  since 
there  is  some  retention  of  reaction  prod- 
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cts  in  the  reactor.  A  small  container  of  chloride-free  air  may 
>e  used  for  this  purpose.  Care  must  be  taken  to  prevent  drawing 
odium  arsenite  solution  into  the  reactor  or  forcing  mercury  into 
s;  otherwise  the  reactor  will  have  to  be  taken  apart  and  cleaned 
iefore  it  can  be  used  again. 

After  passage  and  combustion  of  the  air  sample,  the  sodium 
.rsenite  solution  from  absorber  D  is  poured  into  a  50-ml.  beaker 
nd  the  absorber  rinsed  with  three  5-ml.  portions  of  distilled 
rater  which  is  also  added  to  the  beaker.  A  drop  of  phenol- 
ihthalein  indicator  is  added  to  the  solution,  which  is  then  acidi- 
ied  with  an  excess  of  3  drops  of  concentrated  nitric  acid.  The 
.cidifled  solution  is  poured  into  a  50-ml.  Nessler  tube,  made  up 
o  volume  with  distilled  water,  and  3  drops  of  1  N  silver  nitrate 
,re  added.  The  Nessler  tube  is  stoppered  and  inverted  several 
imes  to  mix  the  solution  thoroughly.  For  concentrations  of 
nethyl  chloride  greater  than  1000  p.p.m.,  an  aliquot  part  of  the 
ibsorber  solution  should  be  taken  for  the  chloride  determination, 
o  that  the  turbidity  will  not  be  too  great  to  prevent  satisfactory 
•omparison  with  the  standards. 

Turbidity  standards  are  prepared  for  comparison  with  the  un¬ 
known  by  adding  measured  amounts  of  standard  chloride  solu- 
ion  to  Nessler  tubes,  each  containing  15  ml.  of  0.1  N  sodium  arse- 
lite  neutralized  and  acidified  with  concentrated  nitric  acid.  The 
itandards  are  made  up  to  volume  with  distilled  water  and  3  drops 
>f  1  N  silver  nitrate  are  added.  The  amounts  of  chloride  are 
■hosen  so  that  the  unknown  is  matched  or  closely  bracketed  by 
he  standard  turbidity  tubes.  The  standards  are  prepared  at  the 
ame  time  the  unknown  sample  turbidity  tube  is  being  prepared. 
vVith  practice  the  operator  can  learn  to  complete  an  analysis  in 
50  minutes. 


develop  the  turbidity  of  the  unknown,  the  appropriate  correction 
is  made  in  calculating  the  concentration  of  methyl  chloride. 

EXPERIMENTAL 

To  evaluate  the  present  method,  synthetic  blends  for  analysis 
were  prepared  by  introducing  methyl  chloride,  measured  at  room 
temperature  over  mercury  in  a  buret,  into  a  partially  evacuated 
carboy.  Analysis  by  combustion  showed  the  methyl  chloride 
used  to  be  96%  pure;  this  purity  value  was  taken  into  account 
in  preparing  the  blends. 

A  carboy  of  11.5-liter  capacity  was  used  to  prepare  blends  con¬ 
taining  more  than  200  p.p.m.  and  a  carboy  of  19-liter  capacity 
for  those  containing  less.  After  admitting  chloride-free  air  to 
atmospheric  pressure,  a  275-ml.  sample  was  withdrawn  into 
chamber  A  for  analysis.  Two  withdrawals  of  275  ml.  each  were 
made  in  some  cases  for  samples  containing  less  than  200  p.p.m.  of 
methyl  chloride.  It  was  found  that  the  relative  error  of  a  de¬ 
termination  was  less  using  a  550-ml.  sample  than  using  a  275-ml. 
sample  of  the  same  concentration.  For  safety  control  purposes 
the  use  of  larger  volumes  of  sample  than  275  ml.  will  probably  be 
unnecessary. 

Distinction  between  a  series  of  turbidities  produced  by  0.1-ml. 
increments  of  the  standard  chloride  up  to  1.5  ml.  can  be  made 
by  direct  observation.  Distinction  between  0.2-ml.  increments 
can  be  made  up  to  4.0  ml.  of  standard  chloride,  although  the  dis¬ 
tinction  is  less  easily  made  as  the  amount  of  turbidity  is  increased. 
These  distinctions  can  best  be  made  by  examining  the  Nessler 
tubes  vertically  and  against  a  dark  background.  As -little  as 
0.005  mg.  of  chloride  can  readily  be  detected  when  compared  with 
a  blank.  When  a  volume  of  275  ml.  of  sample  is  analyzed,  0.1 
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Fisure  3.  Methyl  Chloride  Concentration  in  Air 
Blends  vs.  Concentration  as  Found  by  Analysts 


CALCULATION 

The  concentration  of  methyl  chloride  in  the  sample  is  calculated 
rom  the  following  formula : 

N  X  1,000,000 
P.p.m.  of  methyl  chloride  =  ^  ^  x"y~ 

!  N  is  the  milliliters  of  standard  chloride  equivalent  to  the  test 
sample  in  turbidity.  V  is  the  volume  in  milliliters  of  sample 
:ested.  The  factor  is  obtained  as  follows: 

The  weight  of  combined  chlorine  in  1  ml.  of  methyl  chloride  at 
standard  pressure  and  27°  C.  is  1.44  mg.  Since  each  milliliter  of 
standard  chloride  solution  contains  0.1  mg.  of  chloride,  1  ml.  of 
methyl  chloride  gas  is  equivalent  to  14.4  ml.  of  standard  chloride 
solution.  On  multiplying  0.95,  a  correction  factor  to  compensate 
for  systematic  error,  by  14.4,  the  value  13.67  is  obtained. 

If  an  aliquot  part  of  the  absorber  solution  has  been  used  to 


ml.  of  standard  chloride  corresponds  to  a  concentration  of  ap¬ 
proximately  26  p.p.m.  of  methyl  chloride.  Although  measure¬ 
ments  of  turbidity  by  direct  visual  examination  may  be  satis¬ 
factory  for  control  purposes,  the  use  of  a  nephelometer  would 
undoubtedly  improve  the  accuracy  of  these  measurements  ( 1 ). 

RESULTS 

The  results  of  several  determinations  made  on  synthetic  blends 
of  high-purity  methyl  chloride  in  air  containing  50  to  1800  p.p.m. 
of  methyl  chloride  are  shown  graphically  in  Figure  3.  Inspection 
of  the  data  in  which  “p.p.m.  added”  values  were  compared  with 
corresponding  “p.p.m.  found”  values  suggested  that  a  systematic 
error  was  operative  in  the  method.  By  application  of  the  method 
of  least  squares  to  the  data  the  slope  of  the  curve  of  Figure  3  was 
calculated  to  be  0.95.  This  indicates  that  a  detection  of  0.95 
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of  the  concentration  of  methyl  chloride  present  in  a  given  sample 
of  air  may  be  expected  by  the  method.  Therefore  this  correction 
factor  is  included  in  the  calculation  to  compensate  for  the  system¬ 
atic  error.  It  is  believed  that  the  systematic  error  is  attribut¬ 
able  to  the  retention  in  the  reactor  of  combusion  products  that 
are  not  completely  removed  by  rinsing  with  chloride-free  air. 

OTHER  APPLICATIONS 

It  is  contemplated  that  the  method  described  in  this  article 
will  prove  useful  in  the  detection  and  determination  of  traces  of 
various  organic  halogen  compounds  such  as  refrigerants  in  air. 
The  method  may,  with  proper  modifications,  be  applied  to  the 
determination  of  traces  of  methyl  chloride  in  hydrocarbon  gases. 
Although  a  few  determinations  of  methyl  chloride  in  hydrocar¬ 
bons  containing  organic  sulfur  compounds  have  been  made  by 
this  method,  no  controlled  work  to  evaluate  its  accuracy  has  been 
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done.  With  complete  combustion  no  interference  resulted  fron 
the  presence  of  organic  sulfur  compounds. 
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Field  Test  for  Surface  DDT 

HENRY  A.  STIFF,  JR.1,  AND  JULIO  C.  CASTILLO,  Antilles  Department,  Medical  Laboratory,  United  States  Army 


A  simple  field  test  for  surface  DDT  is  presented  by  which  a  deter¬ 
mination  can  be  completed  in  2  to  3  minutes.  Conditions  which 
may  be  encountered  in  using  the  test  are  indicated. 

THE  application  by  spray  of  DDT  in  solution  or  in  an  emul¬ 
sion,  so  as  to  leave  a  surface  residue,  presents  numerous  op¬ 
portunities  for  using  a  fast  simple  field  test  to  detect  the  presence 
of  this  substance  on  the  surface.  By  means  of  such  a  test  the 
many  factors  which  may  affect  the  concentration  of  DDT  left  on 
a  surface  after  spraying  may  be  studied  and  perhaps  controlled, 
thus  bringing  about  the  development  of  more  efficient  and  eco¬ 
nomical  methods  of  application. 

The  present  communication  presents  a  test  based  upon  a  de¬ 
velopment  of  the  xanthydrol-potassium  hydroxide-pyridine 
reaction  for  DDT  (2).  It  is  simple,  sensitive,  rapid,  and  may  be 
used  in  the  field. 

PRINCIPLE 

DDT  is  removed  from  a  surface  by  scrubbing  with  a  cotton 
swab  impregnated  with  mineral  oil.  The  swab  is  then  subjected 
to  a  modified  xanthydrol-potassium  hydroxide-pyridine  reaction. 
In  the  presence  of  DDT  a  red  color  is  secured. 

REAGENTS  AND  APPARATUS 

Only  two  reagents  are  required:  a  0.4%  solution  of  xanthydrol 
in  pure  anhydrous  pyridine,  and  potassium  hydroxide  pellets, 
U.S.P.  (either  Merck  or  Baker).  Some  lots  of  c.p.  pyridine  are 
sufficiently  anhydrous  for  use  without  purification,  but  most 
samples  contain  water.  This  may  be  easily  removed  by  allowing 
the  compound  to  stand  in  contact  with  stick  sodium  hydroxide 
for  several  days  and  then  distilling.  The  xanthydrol-pyridine 
solution  must  be  kept  in  a  glass-stoppered  bottle,  and  may  be 
used  for  several  days  without  deterioration.  The  hydroxide 
should  be  kept  in  a  tightly  capped  container  when  not  in  use,  in 
order  that  the  pellets  may  absorb  as  little  water  as  possible. 

The  apparatus  consists  of  a  supply  of  clean  dry  17  X  150  mm. 
test  tubes,  a  small  alcohol  lamp,  a  test  tube  holder,  a  2-ml. 
pipet,  and  a  number  of  oil-impregnated  swabs.  The  swabs  are 
prepared  by  wrapping  a  bit  of  cotton  tightly  around  the  end  of  an 
applicator  stick,  dipping  it  in  clear  liquid  petrolatum,  and  then 
squeezing  out  the  excess  against  the  side  of  the  container. 

The  reagents  and  apparatus  may  be  packed  into  a  suitable  box 
or  case  for  ease  in  carrying.  The  set  used  by  the  authors  con¬ 
sists  of  a  72-tube  wire  test-tube  rack  such  as  is  used  for  Wasser- 
mann  tests.  Wires  were  cut  out  to  provide  space  for  the  reagent 
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bottles  and  the  lamp,  as  well  as  for  a  large  tube  containing  swabs 
This  arrangement  provides  a  rack  for  a  dozen  or  more  test  tubes 
The  pipet  may  be  carried  in  one  of  the  tubes  or  may  be  securet 
to  the  rear,  together  with  the  test-tube  holder,  by  means  of  clips 

PROCEDURE 

An  area  of  about  12  square  inches  (3X4  inches)  of  the  surfaci 
supposed  to  contain  DDT  is  thoroughly  scrubbed  with  the  oil 
impregnated  swab.  A  test  tube  is  then  inserted  into  the  hy 
droxide  bottle,  and  two  pellets  are  picked  up  on  the  lip  anc 
allowed  to  slide  to  the  bottom  of  the  tube.  The  bottle  is  im 
mediately  recapped  to  prevent  absorption  of  moisture.  Tw< 
milliliters  of  0.4%  xanthydrol  in  pyridine  are  then  added  to  th< 
tube  by  means  of  the  pipet.  Using  the  holder,  the  tube  is  kept  a 
a  gentle  boil  over  the  alcohol  lamp  by  moving  it  in  and  out  of  th< 
flame.  When  the  contents  turn  green,  the  swab  is  inserted,  anc 
the  tube  boiled  for  a  few  seconds  longer.  If  DDT  is  present,  the 
color  changes  to  red.  If  no  DDT  is  present,  the  green  fade; 
quickly  to  yellow.  The  entire  procedure  takes  from  2  to  J 
minutes. 

EXPERIMENTAL 

A  large  number  of  different  surfaces  known  not  to  contaii 
DDT,  such  as  brick,  cement,  stone,  tile,  glass,  paper,  plaster 
screen,  wood,  paint,  metal,  plastics,  canvas,  fruit,  foliage,  grass 
etc.,  were  swabbed  and  tested.  No  false  positives  were  secured 

DDT  in  ether  solution  in  concentrations  varying  by  incre 
ments  of  5  micrograms  was  measured  directly  onto  a  series  o 
swabs.  The  ether  was  allowed  to  evaporate  at  room  temperature 
and  the  swabs  were  subjected  to  the  test.  Twenty-five  micro 
grams  of  DDT  were  detectable  by  comparison  with  a  blank 
while  75  micrograms  gave  a  very  distinct  pink  color. 

DDT  in  5%  kerosene  solution  and  5%  aqueous  triton-xylem 
emulsion  was  applied  to  3  X  4  inch  (12  square  inches)  surface; 
of  commonly  encountered  materials  in  concentration  varying  bi 
increments  as  follows:  1  mg.  per  square  foot  from  1  to  10  mg 
per  square  foot,  5  mg.  per  square  foot  from  10  to  100  mg.  pe: 
square  foot,  25  mg.  per  square  foot  from  100  to  1000  mg.  pe: 
square  foot,  50  mg.  per  square  foot  from  1000  to  2000  mg.  pe: 
square  foot.  Except  in  concentrations  up  to  10  mg.  per  squari 
foot  where  1  to  10  dilutions  with  kerosene  and  water  were  made 
the  solution  or  emulsion  was  applied  without  dilution.  Appli 
cation  was  made  directly  to  the  surface  by  means  of  micropipets 
spotting  the  entire  surface  so  as  to  obtain  a  uniform  distributioi 
of  small  drops  in  the  lower  concentrations,  and  a  film  of  liquid  ii 
the  higher  concentrations.  This  was  done  to  approximate  th< 
action  of  a  spray,  and  at  the  same  time  accurately  control  th< 
amount  applied,  as  accurate  control  of  the  amount  applied  with  £ 
spray  would  have  been  impossible.  After  exposure  for  48  hour; 
at  room  conditions,  the  entire  surface  was  scrubbed  with  a  swal 
and  tested  for  DDT.  A  positive  test  was  considered  as  om 
which  matched  the  color  secured  with  a  swab  containing  71 
micrcgrams  of  DDT.  The  minimum  concentrations  at  whicl 
the  test  was  positive  are  given  in  Table  I. 
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Table  I.  Minimum  Concentration  of  DDT  in  Positive  Test 


g.  per  square  foot,  as  applied,  at  which  positive  tests  were  secured  on 
rious  surfaces  after  application  of  DDT  as  a  5%  kerosene  solution  and  a 
5%  triton-xylene-water  emulsion.) 


Material 

nt  canvas,  untreated 

lotex  building  board,  unpainted 

ibber  matting,  ribbed 

ft  pine  board,  unpainted 

lotex  building  board,  oil  paint  surface 

ister,  oil  paint  surface 

ft  pine  board,  oil  paint  surface 

ister,  fresh,  smooth  surface,  unpainted 

eet  metal,  galvanized  surface 

ass,  plate 


Kerosene 

Solution 

1500 

1000 

750 

100 

250 

200 

200 

15 

5 

3 


Triton 

Emulsion 

1500 

1000 

50 

75 

25 

25 

15 

25 

5 

3 


DISCUSSION 

The  xanthydrol-potassium  hydroxide-pyridine  reaction  is  not 
ecific  for  2,2-bis-(p-chlorophenyl)-l,l,l-trichoroethane  but  is 
yen  by  a  number  of  related  compounds  containing  aliphatic 
ilogen  (I,  2).  With  due  caution  in  using  the  test,  however,  this 
ctor  should  "not  seriously  affect  its  value,  as  the  presence  of 
ch  compounds  is  usually  known. 

There  are  obviously  many  factors  which  may  influence  the 
ncentration  of  DDT  upon  a  surface  after  its  application  in 
lution  or  emulsion.  It  is  the  purpose  of  this  communication  to 
esent  a  simple  method  which  may  aid  in  the  study  of  these 
ctors,  rather  than  to  give  detailed  consideration  to  the  factors 
emselves.  Such  things  as  the  porosity  of  the  surface  to  the 


solvent  used,  the  presence  or  absence  of  moisture  on  the  surface 
or  in  the  material,  the  size  of  the  droplets  deposited  by  the  spray, 
and  even  the  temperature  and  relative  humidity  at  the  time  the 
spray  was  applied  may  be  important  in  determining  the  amount 
of  DDT  left  on  a  surface.  For  this  reason  a  statistical  evaluation 
of  the  application  of  the  test  is  impossible  at  the  present  time, 
and  the  data  are  presented  only  to  convey  an  idea  as  to  what  may 
be  expected  in  using  the  method.  On  the  same  basis,  it  is  im¬ 
possible  to  control  all  the  conditions  of  experimental  work,  so 
that  the  figures  are  more  a  representation  of  order  or  magnitude 
than  exact  data.  One  rather  definite  conclusion  can  be  drawn 
from  the  experiments,  however.  If  conditions  are  such  that 
more  than  0.075  mg.  of  DDT  can  be  picked  up  on  the  swab  by 
scrubbing  the  surface,  a  positive  test  will  be  secured. 

The  experimental  data  presented  deal  with  the  surfaces  of  build¬ 
ing  materials.  These  materials  were  used  because  of  their  avail¬ 
ability  and  because  they  suited  the  conditions  of  the  experiment. 
Application  of  the  test  to  fruit,  grass,  vegetation,  and  foliage 
leads  the  authors  to  believe  that  the  conditions  encountered  in 
testing  building  materials  apply  to  these  surfaces  also.  In 
general,  fruit  and  green  foliage,  being  relatively  nonporous,  will 
retain  a  high  concentration  of  DDT  on  the  surface,  while  dry 
vegetation,  absorbing  more  of  the  solution  or  emulsion,  will  have 
less  of  a  surface  residue. 
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Colorimetric  Determination  of  Fatty  Acids  and  Esters 


UNO  T.  HILL,  Inland  Steel  Company,  East  Chicago,  Ind. 


,  rapid  colorimetric  method  for  determination  of  fatty  acids  and 
ters  is  based  on  the  formation  of  hydroxamic  acid  from  fatty 
;ters  by  the  use  of  hydroxylamine  hydrochloride  in  alkaline  media. 
>n  the  addition  of  an  acidified  solution  of  alcoholic  ferric  per¬ 
forate,  a  stable  red  colored  complex  of  ferric  hydroxamate  is 
<rmed,  proportionate  in  intensity  to  the  esters  present.  Fatty 
:ids  are  first  quantitatively  methylated  in  an  anhydrous  ether 
ilution  with  diazomethane  or  thionyl  chloride.  The  method  has 
een  applied  to  the  quantitative  determination  of  oil  on  tin  plate 
le  results  are  in  good  agreement  with  a  gravimetric  determination. 

“XISTING  methods  for  the  estimation  of  fatty  acids  and  their 
m  esters  are  time-consuming  and  tedious  and  often  are  in- 
ccurate  when  interfering  substances  are  present.  This  investi- 
ition  was  undertaken  to  develop  a  rapid  and  accurate  method 
>r  the  determination  of  small  amounts  of  palm  oil,  cottonseed 
il,  dibutyl  sebacate,  and  lanolin  applied  to  tin  plate  and  other 
leet  metal  surfaces  for  rust  prevention,  lubrication,  or  other 
urposes  in  subsequent  manufacturing  operations. 

EQUIPMENT  USED 

Coleman  Model  11  spectrophotometer  and  Cenco-Sheard- 
anford  filter  photelometer. 

EXPERIMENTAL 


R.CO(NHOH)  +  Fe  +++  = 


R — C<^ 


H 

N - O 

O . . .  Fe/3 


The  red  colored  complex  is  readily  soluble  in  aqueous  ethanol, 
isopropanol,  or  methanol,  being  least  stable  in  the  isopropanol. 
The  stability  decreases  with  increased  water  content,  about  5% 
of  water  being  optimum  for  the  three  alcohols. 

The  ferric  hydroxamate  complex  gains  about  0.1%  transmit- 
tancy  per  minute  for  the  first  20  minutes  but  becomes  rather 
stable  beyond  this,  the  rate  being  less  than  0.05%  per  minute. 
A  rise  in  temperature  produces  a  gain  of  0.2%  transmittancy  per 
degree  at  room  temperature.  The  addition  of  a  small  amount  of 
sodium  carbonate  increases  the  color  stability  beyond  the  figures 
shown  above. 

Hydrochloric  acid  and  ferric  chloride  are  used  in  a  spot  test 
by  Feigl  (I)  to  form  ferric  hydroxamate.  The  complex  follows 
Beer’s  law  when  perchloric  acid  and  ferric  perchlorate  are  sub¬ 
stituted  for  hydrochloric  acid  and  ferric  chloride. 

Fatty  acids  do  not  form  hydroxamic  acid  directly  but  are 
first  quantitatively  methylated  in  an  anhydrous  ether  solution 
according  to  one  of  the  following  procedures  and  the  esters  de¬ 
termined  in  the  usual  way. 

With  thionyl  chloride: 


The  spot  tests  for  carboxylic  acids  and  esters  are  the  basis  for 
he  proposed  method  ( 1 ).  When  an  ester  is  warmed  in  an  alka¬ 
ne  media  with  hydroxylamine,  hydroxamic  acid  is  formed, 
'eigl  (/)  reports  the  following  reaction: 

R.CO.OR  +  NH2OH  =  R.CO(NHOH)  +  ROH 

Ferric  iron  forms  a  bright  red  or  a  lavender  complex  with 
lydroxamic  acids  in  acid  media  according  to  the  reaction  ( 1 ) : 


R.CO.OH  +  SOCl2  =  R.COCF+  S02  +  HC1 
R.CO.C1  +  CHzOH  =  R.CO.OCHj  +  HC1 
Or  with  diazomethane: 

R.CO.OH  +  CH2N2  =  R.CO.OCH,  +  N2 
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Sample 

No. 

Table  1.  Determination  of  Oil 

Grams  of  Oil  per  Base  Box 

Gravimetric 

Colorimetric 

1 

0.67 

0.67 

2 

0.21 

0.21 

3 

0.14 

0.15 

4 

0. 18 

0.20 

5 

0. 12 

0.13 

6 

2.34 

2.30 

7 

1.67 

1.70 

8 

1.77 

1.78 

9 

2.63 

2.50 

10 

2.10 

2. 10 

SOLUTIONS  REQUIRED 

F"  Hydroxylamine  hydrochloride  2.5%  in  95.0%  ethanol,  made 
fresh  daily. 

Sodium  hydroxide,  2.5%  in  95.0%  ethanol,  made  fresh  daily. 
Saturated  with  sodium  carbonate. 

Solution  A.  Dissolve  0.4  gram  of  iron  or  equivalent  amount 
of  iron  as  ferric  chloride  in  5  ml.  of  concentrated  hydrochloric 
acid.  Add  5  ml.  of  70%  perchloric  acid,  evaporate  almost  to 
dryness,  and  dilute  to  100  ml.  with  water.  Pipet  10  ml.  of  this 
solution  to  a  1-liter  volumetric  flask,  add  5  ml.  of  70%  perchloric 
acid,  and  make  up  to  mark  with  95%  ethanol.  Prepare  weekly. 


Solvent  for  fatty  acids  and  esters,  absolute  ethyl  ether  or  iso 
propyl  ether  free  from  acids  or  esters. 

Thionyl  chloride  or  a  5%  ethereal  solution  of  diazomethane. 
Absolute  methanol. 


METHOD 

For  Esters.  Obtain  an  absolute  ethereal  solution  in  a  250-m 
wide-mouthed  Erlenmeyer  flask  containing  from  0.05  to  1  mg.  c 
the  esters.  Add  from  an  accurate  transfer  pipet  0.3  ml.  of  2.5C) 
sodium  hydroxide  in  ethanol  and  0.3  ml.  of  2.5%  hydroxylamin 
hydrochloride  in  ethanol.  Evaporate  to  dryness  on  a  wate 
bath  at  60°  to  70°  C.  and  heat  just  5  seconds  longer.  Add  1 
ml.  of  Solution  A,  and  let  stand  a  few  minutes  until  all  salts  hav 
dissolved.  Prepare  a  blank  in  a  similar  manner.  Adjust  th 
temperature  to  27°  C.  and  compare  transmittancy  in  a  1.0-  t 
1.5-cm.  cell  at  520  m/i  with  blank.  Obtain  the  amount  of  estei 
from  a  previously  prepared  ester  vs.  transmittancy  curve. 

For  Fatty  Acids.  Obtain  an  ethereal  solution  containin 
0.05  to  1  mg.  of  fatty  acids  in  10  ml.  of  ether,  add  about  3  ml.  c 
thionyl  chloride,  and  evaporate  almost  to  dryness.  Add  a  fe’ 
drops  of  absolute  methanol  and  heat  briefly.  Evaporate  th 
excess  reagents  by  blowing  a  gentle  current  of  air  into  the  wari 
beaker.  Add  about  20  ml.  of  anhydrous  ether  and  complei 
the  determination  as  for  esters. 


DISCUSSION 


400  500  600  700 

Wave  Length,  m m 

Figure  1.  Transmittancy  vs.  Wave  Length  of  Ferric 
Hydroxamate  in  95%  Ethanol 


Comparison  of  wave  length  vs.  transmittancy  against  a  blan 
was  made  on  a  Coleman  Model  11  spectrophotometer  having 
band.  Figure  1  also  shows  the  curve  for  ferric  perchlorat 
blank.  The  measurements  were  made  in  a  1.5-cm.  tube  usin 
10  ml.  of  solution.  Maximum  absorption  is  at  520  m/i. 

In  adapting  the  method  to  Cenco-Sheard-Sanford  photelon 
eter,  a  515-m/i  filter  was  used  with  a  1-cm.  cell.  Sample  sizt 
ranged  from  0.05  to  1  mg.  of  cottonseed  oil. 

Because  presence  of  water  or  alcohol  in  the  ether  solution  inte 
feres  with  the  color  development,  anhydrous  ether  solutioi 
should  be  used.  Technical  isopropyl  ether  was  found  to  contai 
esters,  but  was  readily  purified  by  saponification  with  glycero 
potassium  hydroxide  solution  followed  by  simple  distillation. 

Esterification  of  fatty  acids  may  be  carried  out  by  adding  a 
excess  of  diazomethane  in  ether  and  boiling  off  the  excess.  D 
azomethane  was  prepared  in  sufficiently  good  purity  by  tl 
method  of  Staudinger  and  Kupfer  (2) .  Isopropanol  was  use 
instead  of  absolute  ethanol.  Since  esterification  with  thion; 
chloride  was  satisfactory,  this  method  was  adapted  because  i 
its  economy  despite  the  superior  method  of  esterification  wil 
diazomethane. 

The  method  may  be  applied  to  lubricating  oils  containing  fatt 
esters  without  preliminary  separation.  Sulfurized  sperm  oil  w; 
determined  in  a  heavy  mineral  oil  by  employing  a  suitable  blan 

Preliminary  work  has  been  done  on  the  determination  of  h; 
droxyl  groups,  the  esterification  being  carried  out  by  the  use  1 
acetyl  chloride  in  ether  solution.  After  the  ether 
evaporated,  the  excess  acetyl  chloride  is  destroyed  wil 
a  few  drops  of  water.  After  drying,  the  esters  are  dete 
mined  in  the  usual  way. 

No  attempt  has  been  made  to  apply  the  method  i 
the  more  volatile  esters  such  as  ethyl  or  butyl  aceta 
but  indications  are  that  such  determinations  may  1 
made  by  the  use  of  isopropyl  ether  and  a  suitable  refh 
condenser. 

.  RESULTS 

The  method  has  been  applied  in  the  determination 
cottonseed  oil  on  electrolytic  tin  plate  and  palm  oil  c 
hot-dip  tin  plate.  Lanolin-base  oil  on  black  plate  h 
also  been  determined.  Comparative  results  betwe< 
gravimetric  and  colorimetric  methods  are  shown 
Table  I. 

In  the  gravimetric  method,  3  strips  10  cm.  wide  and « 
cm.  long  (4  inches  wide  and  20  inches  long,  240  squa 
inches  of  plate)  were  formed  in  a  coil  and  extracted  wl 
carbon  tetrachloride  in  a  1-liter  Soxhlet  extractor  for  I 
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Per  Cent  Transmittancy 

Figure  2.  Concentration  vs.  Transmittancy  for  Five  Oils 
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inutes.  The  extract  was  filtered  and  the  oil  was  weighed  in 
tared  platinum  dish  after  evaporating  off  the  solvent  in  a 
earn  bath.  For  the  colorimetric  method  the  oil  was  extracted 
0m  the  plate  by  agitating  9  disks  of  26  sq.  cm.  (4  square  inches) 
,ch  in  a  250-ml.  beaker  with  three  15-ml.  portions  of  ether  at 
iom  temperature.  The  reagents  were  added  directly  to  the 
ijer  extract.  The  whole  determination  was  carried  out  in  less 
lan  10  minutes. 

Figure  2  shows  the  transmittancy  curves  for  cottonseed  oil, 
dm  oil  from  tin  pots,  dibutyl  sebacate,  sulfurized  sperm  oil, 
id  a  lanolin-base  oil  used  as  a  rust  preventive. 

It  is  apparent  that  transmittancy  values  may  be  plotted  in 
:rms  of  saponification  number,  acid  value,  ester  value,  or  acetyl 
due. 


Larger  samples  may  be  used  if  the  corresponding  quantities 
of  reagents  are  used  and  dilutions  made  to  a  greater  volume. 
Thus,  a  10-mg.  sample  of  cottonseed  oil  was  determined  on  the 
same  curve  as  the  0-  to  1-mg.  curve  by  using  1  ml.  each  of  satu¬ 
rated  hydroxylamine  hydrochloride  solution  and  saturated 
sodium  hydroxide  solution  and  subsequently  diluting  to  100  ml. 
with  Solution  A. 

Accuracy  of  determinations  are  within  ±0.01  mg.  of  cotton¬ 
seed  oil. 
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determination  of  Nitrogen,  Phosphorus,  P otassium,  Calcium, 

and  Magnesium  in  Plant  Tissue 

Semimicro  \(^et-Digestion  Method  for  Large  Numbers  of  Samples 

OMER  J.  KELLEY,  ALBERT  S.  HUNTER,  AND  ATHAN  J.  STERGES 
Bureau  of  Plant  Industry,  Soils  and  Agricultural  Engineering,  U.  S.  Department  of  Agriculture,  Salinas,  Calif. 


^  procedure  is  described  for  the  determination  of  nitrogen,  phos- 
horus,  potassium,  calcium,  and  magnesium  in  a  single  acid-digested 
imple  of  plant  material.  Plant  tissue  is  digested  with  a  salicylic 
cid-sulfuric  acid  solution.  Nitrogen  is  determined  by  nessleriza- 
on  of  the  ammonia.  Phosphorus  is  determined  by  adaptation 
f  the  Fiske  and  Subbarrow  (3)  method.  Potassium  is  determined 
y  the  cobaltinitrite  method.  The  separation  of  manganese,  iron, 
luminum,  and  phosphorus  for  the  determination  of  calcium 
nd  magnesium  is  made  by  the  method  of  Peech  (7).  Calcium  is 
letermined  by  the  oxalate  method  and  titrated.  Magnesium  is 
irecipitated  as  ammonium  phosphate  and  the  phosphate  deter- 
nined  as  indicated  above  for  phosphorus.  An  evaluation  is  made 
>f  the  analytical  errors  involved  in  the  determination  of  the  various 
:lements  indicated. 

INVESTIGATIONS  conducted  by  the  Soils  Division  of  the 
I  Guayule  Research  Project  on  the  interrelationships  of  soil 
noiskure,  mineral  nutrition,  and  other  factors  which  affect  the 
growth  and  rubber  formation  of  guayule  have  necessitated  an 
sxtensive  study  of  the  nutrient  status  of  guayule  plants.  Despite 
he  fact  that  it  would  be  desirable  to  know  the  content  of  all  the 
nineral  elements  that  affect  plant  growth,  it  has  been  necessary 
o  limit  the  analytical  program  to  the  determination  of  the  more 
■ommon  elements — nitrogen,  phosphorus,  potassium,  calcium, 
tnd  magnesium.  No  satisfactory  method  for  the  determination 
)f  all  these  elements  in  one  sample  was  found  in  the  literature. 

Pepkowitz  and  Shive  ( 8 )  describe  an  excellent  method  for  a 
apid  wet-digestion  microdetermination  of  Kjeldahl  nitrogen. 
They  suggest  that  other  elements  can  be  determined  in  the 
ligest,  but  give  no  reference  to  the  elements  considered  or  to  the 
methods  which  would  be  suitable  for  their  determination. 
Parks  et  al.  (6)  describe  a  method  for  the  microdetermination  of 
12  elements  on  one  plant  sample,  but  nitrogen  is  not  included. 

(Lindner  ( 5 )  has  recently  described  a  method  for  the  determina¬ 
tion  of  nitrogen,  phosphorus,  potassium,  calcium,  and  magne¬ 
sium  on  the  same  sample  of  plant  tissue,  following  a  digestion 
in  an  Erlenmeyer  flask  with  sulfuric  acid  and  hydrogen  peroxide. 
He  suggests  that  care  must  be  taken  in  the  addition  of  the 
hydrogen  peroxide  to  prevent  the  oxidation  of  ammonia  to  ni¬ 
trate. 

The  authors  have  found  that  this  is  difficult  for  routine  workers 
to  accomplish.  The  C.p.  hydrogen  peroxide  which  is  com¬ 


mercially  obtainable  has  the  additional  disadvantage  of  contain¬ 
ing  such  large  amounts  of  nitrogen  and  phosphorus  as  to  neces¬ 
sitate  the  subtraction  of  large  blanks,  or  the  purification  of  the 
hydrogen  peroxide.  To  the  authors  the  use  of  the  sulfuric  acid- 
hydrogen  .peroxide  digestion  was  not  so  satisfactory  for  rapid 
quantitative  work  by  routine  analysis  as  the  method  described 
below. 

Numerous  methods  have  been  described  for  the  individual 
determinations  of  nitrogen,  phosphorus,  potassium,  calcium,  and 
magnesium.  Several  of  the  methods  for  individual  determina¬ 
tions  have  been  adapted  to  a  system  such  that  these  five  ele¬ 
ments  can  be  determined  in  one  digest  by  a  rapid  and  inexpensive 
procedure.  This  paper  presents  a  description  of  this  procedure, 
together  with  data  which  make  possible  the  evaluation  of  the 
analytical  errors  involved. 

REAGENTS 

All  reagents  are  of  reagent  grade  unless  otherwise  indicated. 

Digestion.  Concentrated  sulfuric  acid,  nitrogen-free. 

Ranker’s  solution,  32  grams  of  salicylic  acid  per  liter  of  con¬ 
centrated  sulfuric  acid. 

Selenium  oxychloride,  2.4  grams  per  liter  of  concentrated 
sulfuric  £icicl 

Sodium  thiosulfate  monohydrate,  50  grams  per  100  ml.  of  dis¬ 
tilled  water. 

Perchloric  acid,  10%,  diluted  from  70%  with  distilled  water. 

Determination  of  Nitrogen.  Sodium  hydroxide,  1  A . 
Gum  ghatti,  1%. 

Nessler’s  Reagent.  Dissolve  150  grams  of  potassium  hy¬ 
droxide  in  200  ml.  of  water.  Dissolve  50  grams  of  mercuric  chlo¬ 
ride  in  500  ml.  of  water.  Dissolve  61.75  grams  of  potassium 
iodide  in  200  ml.  of  water.  Pour  the  mercuric  chloride  solution 
cautiously  into  the  potassium  iodide  solution  until  a  precipitate 
begins  to  form,  then  add  mercuric  chloride  solution  dropwise 
until  a  permanent  bright  red  color  is  produced.  Dissolve  0.75 
gram  of  potassium  iodide  in  the  red  solution,  stir  well,  and  trans¬ 
fer  to  a  1-liter  flask.  Add  the  potassium  hydroxide  solution, 
shake  well,  cool,  and  make  to  volume.  Transfer  to  a  brown 
bottle  and  keep  in  cool,  dark  place.  Centrifuge  before  using. 

Determination  of  Phosphorus.  Ammonium  molybdate, 
2.5%  in  5  A  sulfuric  acid. 

1,2,4-Aminonaphtholsulfonic  Acid.  Add  0.125  gram  of  1,2,4- 
aminonaphtholsulfonic  acid  to  49  ml.  of  filtered  15%  sodium  bi¬ 
sulfite,  then  add  1.25  ml.  of  20%  sodium  sulfite.  Mix  well. 

Determination  of  Potassium.  Ethyl  alcohol,  95  and  70  ,  o 
by  volume. 

Sodium  Cobaltinitrite.  Mix  together  46.2  grams  of  sodium 
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cobaltinitrite,  18.9  grams  of  sodium  acetate,  120  ml.  of  distilled 
water,  and  18  ml.  of  glacial  acetic  acid.  Prepare  48  hours  before 
using.  Keep  stoppered  and  in  a  cold,  dark  place.  Before  using, 
centrifuge  to  remove  any  precipitate. 

Ceric  sulfate,  approximately  0.02  IV  in  1  IV  sulfuric  acid. 
Standardize  against  ferrous  ammonium  sulfate  or  sodium  oxa¬ 
late. 

Ferrous  ammonium  sulfate,  approximately  0.02  N  in  0.3  N 
sulfuric  acid.  Standardize  against  ceric  sulfate. 

Indicator,  o-phenanthroline  ferrous  complex,  0.025  M.  Dis¬ 
solve  0.173  gram  of  ferrous  sulfate  and  0.125  gram  of  o-phenan¬ 
throline  in  25  ml.  of  water. 

Separation  of  Manganese,  Iron,  Aluminum,  and  Phos¬ 
phorus.  Ammonium  chloride,  25%;  ammonium  hydroxide, 
0.6  N ;  bromine  water,  saturated. 

Ferric  chloride,  1  mg.  of  iron  per  ml.  Dissolve  1.22  grams  of 
ferric  chloride  hexahydrate  in  250  ml.  of  water  containing  1  ml.  of 
concentrated  hydrochloric  acid. 

Sodium  acetate,  10%. 

Sodium  hydroxide,  0.1  IV. 

Methyl  red  indicator,  0.02%. 

Determination  of  Calcium.  Ammonium  acetate,  60%. 

Ammonium  oxalate,  saturated  solution. 

Ammonium  hydroxide,  1%,  saturated  with  calcium  oxalate. 
Centrifuge  or  filter  before  using. 

Ceric  sulfate,  ferrous  ammonium  sulfate  and  o-phenanthroline 
ferrous  complex  indicator,  as  described  above  under  Determina¬ 
tion  of  Potassium. 

Sulfuric  acid,  1  to  1. 

Determination  of  Magnesium.  Ammonium  chloride,  25%. 

Ammonium  dihydrogen  phosphate,  NH4H2PO4,  5%. 

Wash  Solution.  Mix  20  ml.  of  ammonium  hydroxide,  80  ml. 
of  water,  100  ml.  of  ethyl  alcohol,  and  100  ml.  of  ether. 

Ammonium  molybdate  and  1,2,4-aminonaphtholsulfonic 
acid,  as  described  under  Determination  of  Phosphorus. 

2  N  sulfuric  acid. 

ANALYTICAL  PROCEDURES 

Digestion.  The  digestion  of  plant  material  is  made  by  an 
adaptation  of  the  rapid  wet-digestion  micro-Kjeldahl  method  for 
nitrogen  determination  described  by  Pepkowitz  and  Shive  ( 8 ) . 

Solution  A.  Weigh  into  a  100-ml.  Pyrex  volumetric  flask  a 
suitable  sample  of  the  material  to  be  analyzed — for  example,  200 
mg.  of  dry  guayule  tissue.  Add  3  ml.  of  the  salicylic  acid-sulfuric 
acid  solution,  mix  it  with  the  tissue,  and  allow  to  stand  in  the  cold 
for  about  30  minutes.  Add  4  drops  of  the  sodium  thiosulfate  and 
5  ml.  of  the  selenium  oxychloride  solution.  Mix  thoroughly. 
Heat  gradually  to  boiling  on  a  hot  plate  under  a  hood  and  digest 
until  clear.  Cool  the  flasks  and  wash  the  necks  down  with  a 
small  stream  of  water.  Cool.  If  the  solution  is  not  colorless, 
add  2  drops  of  10%  perchloric  acid  and  shake  immediately. 
Heat  again,  at  low'  temperature  first,  and  digest  until  colorless, 
but  do  not  boil.  Cool  and  make  to  volume. 

Solution  B.  Shake  Solution  A  thoroughly  to  resuspend  all 
precipitated  material.  (Calcium  is  likely  to  be  precipitated  as 
the  sulfate.)  Immediately  withdraw  a  25-ml.  aliquot  and  trans¬ 
fer  to  a  50-ml.  beaker.  Evaporate  to  dryness  on  a  hot  plate,  and 
heat  in  a  muffle  furnace  at  a  low'  red  heat,  to  drive  off  ammonia 
salts  and  excess  sulfuric  acid.  Cool  and  take  up  with  2  drops  of 
concentrated  hydrochloric  acid  and  10  ml.  of  w'ater.  Transfer 
quantitatively  to  a  25-ml.  volumetric  flask  and  make  to  volume. 

Determination  of  Nitrogen.  Nitrogen  is  determined  by 
the  nesslerization  of  ammonia  according  to  the  procedure  de¬ 
scribed  by  Fraps  and  Sterges  (■//.). 

After  the  aliquot  for  Solution  B  has  been  removed  and  the 
suspended  material  in  Solution  A  has  settled,  quantitatively 
transfer  2  ml.  Solution  A  to  a  100-ml.  volumetric  flask.  Add 
50  to  60  ml.  of  wrater,  then  2  ml.  of  1  N  sodium  hydroxide,  and 
shake  thoroughly.  Add  2  ml.  of  1%  gum  ghatti  and  shake 
again.  Add  2  ml.  of  Nessler’s  reagent,  shake  thoroughly,  and 
make  to  volume.  Using  a  420-mu  filter,  compare  in  a  colorimeter 
with  a  series  of  standard  ammonium  hydroxide  solutions  treated 
similarly. 

Determination  of  Phosphorus.  Phosphorus  is  determined 
by  an  adaptation  of  the  method  of  Parks,  Hood,  Hurwitz,  and 
Ellis  ( 6 )  and  Fiske  and  Subbarrow'  (S). 

After  the  aliqu1  t  for  Solution  B  has  been  removed  and  Solu¬ 
tion  A  has  settled  until  clear,  transfer  5  ml.  of  Solution  A  to  a 
50-ml.  volumetric  flask.  Add  5  ml.  of  ammonium  molybdate 
solution  and  shake.  Add  2  ml.  of  1,2,4-aminonaphtholsulfonic 
acid  solution,  make  to  volume,  and  shake  well.  Prepare  a  set 
of  standards  simultaneously,  since  the  slope  of  the  standard 
curve  is  not  constant  (6).  Allow  the  color  to  develop  30  minutes. 
Read  in  a  photoelectric  colorimeter,  using  a  filter  of  660-mu 
wave  length  for  color  comparison. 


Determination  of  Potassium.  Potassium  is  determined  b 
a  modification  of  the  method  of  Brown,  Robinson,  and  Brow'nin 

(*)•  . 

To  1.5  ml.  of  95%  ethyl  alcohol  in  a  15-ml.  centrifuge  tube  ad 

a  5-ml.  aliquot  of  Solution  B  and  mix  throughly.  Place  the  tub 
in  a  water  bath  at  20°  C.  and  allow  to  come  to  equilibrium.  Ad 
slowly,  with  continuous  shaking,  2  ml.  of  sodium  cobaltinitrit 
solution,  and  allow  to  stand  for  exactly  1  hour  at  a  temperatui 
of  20°  ±  1 0  C.  Centrifuge  for  10  minutes  at  2000  r.p.m 
decant  the  supernatant  liquid,  invert  the  tube  at  an  angle  ( 
about  45°,  and  let  drain  for  several  minutes.  Wash  the  pn 
cipitate  with  5  ml.  of  70%  alcohol,  centrifuge  for  5  minutes,  an 
drain  as  before.  Dry  the  precipitate  at  80  0  C.  until  all  the  alcohc 
is  removed.  Add  5  ml.  of  0.02  N  ceric  sulfate  (if  more  tha 
0.5  mg.  of  potassium  is  present,  more  than  5  ml.  of  ceric  sulfat 
is  required)  and  1  ml.  of  1  to  1  sulfuric  acid.  Heat  in  a  water  bat 
at  90°  to  95°  C.  until  all  the  precipitate  is  oxidized,  cool,  an 
titrate  the  excess  ceric  sulfate  with  0.02  IV  ferrous  ammoniui 
sulfate,  using  1  drop  of  the  o-phenanthroline  ferrous  comple 
indicator.  The  end  point  is  very  sharp,  the  color  of  the  solutio 
changing  from  pale  blue  to  red. 

A  set  of  standard  potassium  solutions,  containing  approx; 
mately  the  same  amount  of  potassium  as  is  present  in  the  ali 
quots  of  Solution  B,  should  be  carried  through  the  procedure  a 
the  same  time.  Assuming  complete  recovery  of  potassium  in  th 
standard  solution,  calculate  a  factor  for  the  equation: 

Mg.  of  potassium  =  ml.  of  Ce(S04)2  used  in  oxidation  of  pre 
cipitate  X  normality  of  Ce(S04)2  > 
factor 

Calculate  the  potassium  content  of  the  digested  plant  materia 
(Solution  B),  using  the  calculated  factor  in  the  same  equation. 

Separation  of  Manganese,  Iron,  Aluminum,  and  Phos 
phorus.  Manganese,  iron,  aluminum,  and  phosphorus  are  re 
moved  according  to  the  method  of  Peech  (7). 

Solution  C.  Transfer  a  5-ml.  aliquot  of  Solution  B  to  a  15-ml 
centrifuge  tube,  and  add  0.2  ml.  of  ferric  chloride  solution,  3  ml 
of  water,  and  2  ml.  of  10%  sodium  acetate  solution.  Mix,  add 
ml.  of  0. 1 IV  sodium  hydroxide,  and  mix  again.  Place  in  a  w'ate 
bath  at  95°  C.,  add  1  ml.  of  bromine  water,  and  maintain  thi 
temperature  for  at  least  an  hour.  Add  2  ml.  of  25%  ammoniui) 
chloride  solution  and  digest  about  15  minutes  longer.  Add 
drop  of  methyl  red  and  if  the  color  of  the  indicator  persists 
indicating  complete  expulsion  of  bromine,  remove  the  tube  Iron 
the  water  bath,  cool,  add  0.6  A  ammonium  hydroxide  from  : 
buret  until  the  color  of  the  solution  changes  from  slightly  red  ti 
deep  yellow,  and  then  add  2  drops  in  excess.  Make  to  volume  0 
13  ml.,  add  5  drops  of  water  in  excess  to  allow  for  evaporation 
mix  the  contents  with  a  stirring  rod,  and  digest  in  a  water  batl 
at  80°  C.  for  5  minutes  to  flocculate  the  precipitate.  Whilt 
hot,  centrifuge  for  10  minutes. 

Determination  of  Calcium.  Calcium  is  determined  by  t 
modification  of  the  method  of  Peech  (7). 

Solution  D.  Without  disturbing  the  precipitated  manganese 
iron,  aluminum,  and  phosphate,  transfer  10  ml.  of  Solution  C  t< 
a  15-ml.  centrifuge  tube,  and  add  1  ml.  of  60%  ammonium  ace 
tate.  Place  the  tube  in  a  water  bath  at  70°  C.  Mix  the  con 
tents  by  spinning  the  tube,  add  2  ml.  of  saturated  ammoniun 
oxalate  solution,  mix  thoroughly,  and  digest  for  30  minutes 
Cool,  make  to  volume  of  13  ml.,  and  centrifuge  for  10  minute; 
at  2000  r.p.m.  Decant  the  supernatant  liquid  into  a  dry  tesi 
tube  and  save  for  the  determination  of  magnesium. 

Allow  the  centrifuge  tube,  inverted  at  about  a  45°  angle,  t( 
drain  for  several  minutes.  Wipe  the  lip  of  the  tube  with  filtei 
paper.  Wash  the  precipitate  with  5  ml.  of  a  1%  ammoniun 
hydroxide  solution  saturated  with  calcium  oxalate  and  centri 
fuge  again.  Decant  and  discard  the  supernatant  liquid.  Allow 
the  tube  to  drain  again  for  several  minutes.  Add  3  to  5  ml.  0 
0.02  N  ceric  sulfate  (depending  upon  the  amount  of  calcium  pres 
ent)  and  1  ml.  of  1  to  1  sulfuric  acid.  Mix,  heat  to  70°  C.  in  i 
water  bath,  and  titrate  with  0.02  N  ferrous  ammonium  sulfate 
using  1  drop  of  o-phenanthroline  ferrous  complex  indicator. 

Determination  of  Magnesium.  Magnesium  is  determine! 
by  an  adaptation  of  the  method  of  Reitemeier  (.9). 

Transfer  5  ml.  of  Solution  D  to  a  15-ml.  centrifuge  tube.  Adc 
1  ml.  of  25%  ammonium  chloride,  1  ml.  of  5%  ammonium  dihy 
drogen  phosphate,  and  1  drop  of  phenolphthalein.  Mix,  hea 
to  90°  C.  in  a  water  bath,  and  add  concentrated  ammonium  hy 
droxide  until  pink.  Cool,  add  2  ml.  of  concentrated  ammoniun 
hydroxide,  and  stir  with  a  glass  rod.  Withdraw  the  rod  and  rinse 
it  with  a  very  small  stream  of  water.  Stopper  the  tube  and  le 
it  stand  overnight  (preferably  in  a  cool  place).  Centrifuge,  de 
cant,  invert  the  tube  at  about  a  45°  angle,  and  let  drain  severa 
minutes.  Wash  the  precipitate  and  sides  of  the  tube  with  5  ml 
of  the  ammonia-alcohol-ether  wash  solution.  Decant  and  drain 
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Repeat  this  washing  and  draining  once.  Dissolve  the 
precipitate  with  5  ml.  of  2  N  sulfuric  acid,  transfer  to  a  25- 
ml.  volumetric  flask,  and  develop  the  phosphate  color 
as  directed  above  under  Determination  of  Phosphorus. 
Prepare  a  photometric  calibration  curve  by  simultane¬ 
ously  carrying  a  series  of  standard  magnesium  sulfate 
solutions  through  the  same  operations  each  time  a  group 
of  samples  is  analyzed.  From  this  curve  calculate  the 
amount  of  magnesium  present  in  the  unknowns. 

RESULTS  AND  DISCUSSION 

The  length  of  time  required  for  the  digestion  of  any 
given  sample  of  plant  material  will  depend  upon  the 
temperature  at  which  the  digestion  takes  place.  If  kept 
boiling  vigorously,  the  digestion  will  usually  be  com¬ 
pleted  within  1  to  2  hours.  Pepkowitz  and  Shive  ( 8 ) 
reported  that  10  to  25  minutes  were  required  for  the  com¬ 
plete  digestion  of  samples  of  10  to  15  mg.  of  plant  ma¬ 
terial.  The  time  required  for  complete  digestion  of  200- 
mg.  samples  of  guayule  tissue  for  a  routine  analysis  in 
this  laboratory  is  usually  3  to  6  hours.  If  boiling  tem¬ 
peratures  are  not  maintained,  8  to  16  hours  may  be  re¬ 
quired.  The  sulfuric  acid  digestion  can  be  continued 
until  the  digest  is  colorless,  thus  eliminating  the  use  of 
perchloric  acid.  This  usually  requires  3  to  6  hours  longer 
and  is  not  a  recommended  practice.  As  is  pointed  out 
by  Pepkowitz  and  Shive,  the  digest  should  not  be  boiled 
after  the  perchloric  acid  has  been  added.  Boiling  at  this 
stage  may  result  in  a  loss  of  nitrogen  through  the  oxida¬ 
tion  of  ammonia  to  nitrate. 

At  first  thought  it  may  appear  that  a  method  which 
requires  3  to  6  hours’  digestion  is  not  a  rapid  method 
for  the  analysis  of  plant  tissue.  Little  attention  is  re¬ 
quired  during  the  digestion  process,  however,  and  in  the 
analysis  of  large  numbers  of  samples  the  time  required  for 
digestion  is  of  little  consequence  if  the  work  is  properly 
planned.  Only  one  weighing  and  digestion  is  required  for 
the  determination  of  the  five  elements  most  commonly 
determined.  (In  this  laboratory  rapid  weighing  of 
samples  is  facilitated  by  the  use  of  a  Roller-Smith  micro¬ 
torsion  balance  of  0-  to  1500-mg.  capacity.)  The  analyst 
can  proceed  with  determinations  on  the  digested  material 
while  a  second  set  of  samples  is  digesting.  The  gas  hot 
plate  used  in  this  laboratory  is  45  X  90  cm.  (18  X  36 
inches)  in  dimension  and  will  accommodate  105  100- 
ml.  volumetric  flasks.  Chemical  determinations  on  the 
digests  that  can  be  made  with  a  hot  plate  of  this  size 
will  more  than  keep  two  good  routine  analysts  busy. 

In  this  laboratory  a  digest  and  reagent  blank,  and 
duplicates  of  a  standard  guayule  sample,  are  carried 
through  the  entire  analytical  procedure  with  each  lot 
of  samples.  The  digestion  and  reagent  blank  allow  for 
correction  for  impurities  in  the  reagents,  which  may 
vary  with  changes  in  sources.  The  standard  guayule 
sample  which  is  analyzed  with  each  run  serves  as  a  check 
on  accuracy.  For  this  purpose  it  is  preferred  to  a 
synthetic  standard. 

It  is  necessary  to  shake  Solution  A  thoroughly  before 
taking  the  25-ml.  aliquot  for  the  determination  of  po¬ 
tassium,  calcium,  and  magnesium.  It  is  equally  essential 
that  that  aliquot  be  taken  before  any  other  aliquots  are 
removed  from  Solution  A,  unless  the  solution  be 
thoroughly  shaken  before  such  aliquots  are  taken.  Be¬ 
cause  of  the  low  solubility  product  of  calcium  sulfate,  and 
the  high  concentration  of  sulfuric  acid  in  the  digest, 
calcium  is  likely  to  be  present  as  precipitated  calcium 
sulfate.  If  this  precipitate  is  not  uniformly  suspended 
throughout  the  solution  by  shaking,  the  aliquot  for  po¬ 
tassium,  calcium,  and  magnesium  will  not  be  representa¬ 
tive.  Likewise,  if  the  aliquot  for  nitrogen  or  phosphorus 
be  taken  from  the  flask  without  thoroughly  mixing  the 
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contents  there  will  be  a  concentration  of  calcium  sulfate  in  the 
remaining  solution;  and  any  subsequent  sample,  if  then  repre¬ 
sentative  of  what  remains  in  the  flask,  wall  contain  a  greater  con¬ 
centration  of  calcium  than  the  original  digest.  For  these  reasons 
it  is  advisable  to  take  the  aliquot  for  potassium,  calcium,  and 
magnesium  first  and  then  allow  the  suspended  material  in  Solu¬ 
tion  A  to  settle  before  the  aliquots 
for  nitrogen  and  phosphorus  are 
taken. 

The  reliability  of  the  procedures 
used  is  indicated  by  the  data  of 
Table  I.  Varying  amounts  of 
nitrogen,  phosphorus,  potassium, 
calcium,  and  magnesium  were  added 
to  standard  guayule  tissue,  before 
digestion,  and  the  recovery  of 
each  was  determined.  The  data 
given  are  typical  of  several  sets  of 
determinations. 

The  recovery  of  nitrogen  added  to 
guayule  tissue  varied  from  92  to 
107%.  These  were  extreme  values, 
however,  and  in  most  cases  the  re¬ 
covery  was  between  97  and  103%. 

The  recovery  of  added  increments 
of  phosphorus  was  very  satisfac¬ 
tory.  In  the  described  procedure 
silica  is  not  removed.  If  silicates 
are  present  to  any  considerable  ex¬ 
tent,  it  may  be  necessary  to  transfer 
an  aliquot  of  Solution  A  to  a  plati¬ 
num  dish  and  treat  it  with  hydro¬ 
fluoric  acid  to  remove  the  silica 
before  proceeding  with  the  determi¬ 
nation  of  phosphorus. 

The  recovery  of  potassium  was  very  good  except  where  large 
amounts  were  added.  In  nearly  all  cases  a  recovery  of  97  to  103% 
was  obtained.  The  determination  of  potassium  by  the  cobalti- 
nitrite  method  must  take  place  under  standardized  conditions. 
It  is  necessary  that  the  precipitation  be  carried  out  at  nearly 
constant  temperature,  preferably  20°  ±  1°  C.  The  potassium 
content  of  the  aliquot  for  precipitation  should  be  between  0.2  and 
1.0  mg.  During  centrifugation  the  precipitate  compacts  tightly 
in  the  bottom  of  the  centrifuge  tube.  It  Is  rather  difficult  to 
wash  such  a  compacted  precipitate  well.  The  authors  have 
found  that  a  pipet  assembly  constructed  as  shown  in  Figure  1 
aids  considerably  in  the  washing  of  precipitates  compacted  in 
the  bottom  of  conical  centrifuge  tubes. 

The  pipet  is  filled  with  the  wash  solution  and  the  small  glass 
tube  is  placed  in  contact  with  the  compacted  precipitate.  As  the 
wash  liquid  drains  from  the  pipet,  air  is  blown  through  the  glass 
tube,  thus  thoroughly  mixing  the  precipitate  with  the  wash  solu¬ 
tion.  Before  all  the  wash  solution  has  drained  from  the  pipet 
the  glass  tube  is  raised  clear  of  the  liquid  in  the  centrifuge  tube. 
The  remaining  liquid  draining  from  the  pipet  then  wrashes  the 
small  tube  free  of  any  precipitate  or  solution  that  may  have 
adhered  to  it.  The  side  of  the  centrifuge  tube  may  also  be 
washed  by  focusing  the  wash  liquid  around  the  top  inside  edge. 
This  type  of  pipet  assembly  is  used  with  all  precipitates  being 
washed  by  centrifugation. 

The  composition  of  the  precipitate  obtained  in  the  volumetric 
determination  of  potassium  by  the  sodium  cobaltinitrite  method 
varies,  depending  upon  the  conditions  of  precipitation,  particu¬ 
larly  temperature,  concentration  of  alcohol,  and  concentration 
of  sodium  (10).  Brown,  Robinson,  and  Browning  (2)  used  an 
empirical  factor  of  6.52  in  the  calculation  of  the  potassium  in  the 
precipitate.  In  the  authors’  studies  seldom  did  calculations 
made  with  the  use  of  this  factor  indicate  100%  recovery  of  the 
potassium  present  in  standard  solutions  of  potassium  nitrate. 
In  this  laboratory  the  procedure  was  adopted  of  carrying  stand¬ 


ard  potassium  solutions  through  the  precipitation  and  titration 
procedure  simultaneously  with  each  set  of  unknowns.  Assuming 
100%  recovery  of  potassium  from  the  potassium  standards,  an ! 
empirical  factor  was  calculated  for  the  conditions  under  which 
the  precipitation  was  carried  out.  This  factor  was  then  used  in 
the  calculation  of  the-  potassium  content  of  the  unknowns.  Al¬ 
though  it  has  been  demonstrated  (2)  that  calcium,  magnesium, 
iron,  sulfate,  chloride,  phosphate,  and  certain  other  ions  do  not 
interfere  in  the  volumetric  determination  of  potassium  with 
cobaltinitrite,  it  is  advisable  to  have  the  standard  solution  con¬ 
tain  these  ions  in  about  the  same  ratios  as  they  are  present  in  the 
plant  material. 

In  Table  I  are  presented  the  data  obtained  in  the  analysis  of 
guayule  with  added  increments  of  calcium  as  calcium  chloride. 
Determinations  were  made  on  three  aliquots  from  each  of  six 
digestions  of  guayule  with  no  added  calcium,  and  from  each  of 
three  or  more  digestions  with  increments  of  calcium.  It  is  evi¬ 
dent  that  the  variation  between  aliquots  from  the  same  digestion 
is  of  about  the  same  magnitude  as  that  between  digestions,  and 
that  this  variation  is  not  great.  For  the  18  determinations 
made  on  guayule  tissue  alone  the  coefficient  of  variation  is  2.5%. 

The  maximum  variation  in  the  percentage  recovery  of  the' 
various  elements  added  to  the  standard  guayule  tissue  occurred 
in  the  determination  of  magnesium.  It  is  thought  that  most  of 
the  error  involved  is  in  the  actual  determination  of  magnesium 
and  is  not  in  any  way  due  to  the  digestion  procedure.  The  au¬ 
thors  have  not  found  a  completely  satisfactory  method  for  the 
colorimetric  determination  of  small  amounts  of  magnesium. 

The  accuracy  of  the  determination  of  phosphorus  and  po¬ 
tassium  by  the  digestion  procedure  described  in  this  paper  was 
checked  by  the  ashing  methods  of  the  A.O.A.C.  (/).  Five 
samples  were  analyzed  in  duplicate  by  each  method  (Table  II). 
The  phosphorus  data  obtained  by  the  two  methods  are  in  good 
agreement,  the  maximum  variation  amounting  to  about  6%. 
The  potassium  data  agree  satisfactorily,  but  are  somewhat  more 
variable  than  those  for  phosphorus,  the  maximum  difference  being 
about  8%. 


Table  II.  Comparison  of  Ashing  Method  of  A.O.A.C.  and 
Digestion  Method  for  Determination  of  Phosphorus  and  Potassium 
in  Guayule  Tissue 

Per  Cent  P,  Dry  Basis  Per  Cent  K,  Dry  Basis 


Ash 

Ash 

Sample  No. 

(A.O.A.C.) 

Digestion 

(A.O.A.C.) 

Digestion 

i 

0.21 

0.21 

6.7 

7.0 

0.22 

0.22 

6.7 

6.9 

Av. 

0.22 

0.22 

6.7 

7.0 

2 

0.28 

0.29 

7.0 

7.1 

0.30 

0.30 

7.3 

7.3 

Av. 

0.29 

0.30 

7.2 

7.2 

‘  3 

0.27 

0.27 

7.0 

6.5 

* 

0.26 

0.25 

6.8 

6.2 

Av. 

0.27 

0.26 

6.9 

6.4 

4 

0.20 

0.21 

7. 1 

6.6 

0.20 

0.22 

7. 1 

7.0 

Av. 

0.20 

0.22 

7.1 

6.8 

5 

0.19 

0.20 

5.8 

6.4 

0.20 

0.21 

6.3 

6.4 

Av. 

0.20 

0.21 

6.1 

6.4 

(1)  Assoc. 
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Figure  1.  Pipet  As¬ 
sembly  for  Washing 
Compacted  Precipitates 
in  Centrifuge  Tubes 


Use  of  an  Ion-Exchange  Resin  in  Determination 

of  Traces  of  Copper 

With  Special  Reference  to  Powdered  and  Fluid  Milk 

H  A  CRANSTON,  Laboratory  of  Polarographic  Analysis,  Chicago,  III.,  AND  JOHN  B  THOMPSON,  Quartermaster  Food  and 

Container  Institute  for  the  Armed  Forces,  Chicago  9,  III. 


\  simple  and  rapid  determination  of  copper  in  fluid  milk,  powdered 
nilk,  and  ice  cream  mix  is  described.  Ignition  or  acid  digestion  of 
he  sample  is  eliminated,  the  copper  being  made  available  by  re¬ 
ducing  the  pH  with  perchloric  acid.  Copper  is  then  concentrated 
>n  an  ion  exchanger  in  the  hydrogen  cycle,  stripped  from  the  ion  ex- 
rhanger  with  dilute  hydrochloric  acid,  and  determined  polaro- 
jraphically  using  an  additive  standard  technique. 

THE  chief  difficulty  encountered  in  determining  the  copper 
content  of  milk  is  the  extremely  small  concentration  of  the 
netal  present.  Raw  milk  has  been  reported  from  several  sources 
o  contain  from  0.1  to  0.5  p.p.m.;  the  Quartermaster  Corps 
imits  the  copper  content  of  premium  grade  powdered  whole  milk 
o  1.5  p.p.m.  and  nonfat  milk  solids  to  2.0  p.p.m.  The  usual 
?opper  content  of  premium  grade  powdered  whole  milk  is  now 
ound  to  be  less  than  1.0  p.p.m. 

After  exhaustive  investigation  of  applicable  methods,  a  spec- 
rophotometric  method  employing  dithizone  (2)  has  been  selected 
is  the  official  army  specification  method  of  analysis,  as  being  the 
most  sensitive  and  specific.  However,  the  specification  method 
lacks  precision.  Three  laboratories  determined  copper  on  six 
samples  of  powdered  whole  milk  ranging  from  0.6  to  20.0  p.p.m. 
Each  laboratory  made  ten  determinations  on  each  sample  and 
the  coefficient  of  variation  was  determined  for  each  sample  for 
each  laboratory.  Figure  1  demonstrates  that  the  coefficient  of 
variation  values  becomes  excessively  large  at  very  low  concen¬ 
trations,  particularly  at  the  critical  range  below  2.0  p.p.m.  Thus 
is  demonstrated  the  necessity  of  making  replicate  determinations 
on  all  borderline  samples.  Seven  points  were  not  plotted. 
Three  represented  data  obtained  from  less  than  ten  determina¬ 
tions  each,  and  four  represented  high  coefficient  of  variation 
values  on  0.5  and  1.0  p.p.m.  samples  that  were  above  22  and  off 
the  scale.  However,  all  seven  points  not  plotted  appeared  to  fit 
the  curves  well. 

By  and  large,  the  limiting  factor  in  the  determination  of  the 
copper  content  in  dairy  products  or,  for  that  matter,  in  food 
products  in  general  is  the  size  of  the  sample  that  can  be  ade¬ 
quately  handled.  In  practically  all  methods  of  analyses  it  is 
necessary  to  destroy  the  organic  matter  as  the  primary  step. 
Whether  the  destruction  is  accomplished  by  acid  digestion  or 
ignition,  the  procedure  when  applied  to  low  copper  content  foods 
of  high  protein  and  fat  content  becomes  both  laborious  and  time- 
consuming.  A  further  handicap  is  that  only  a  relatively  small 
sample  is  practical,  and  the  resulting  concentration  of  copper  in 
the  prepared  sample  is  also  exceedingly  small.  The  ideal  proce¬ 
dure  would  be  one  in  which  preliminary  ashing  is  eliminated  and 
a  sufficiently  large  sample  can  be  taken  to  ensure  an  adequately 
measurable  concentration  of  copper. 

Recently  it  has  been  shown  ( 1 )  that  copper  proteins  lose  their 
'  copper  in  acid  solution  below  pH  3.0.  Both  cupric  and  cuprous 
copper  are  lost,  the  latter  being  oxidized  in  the  acid  aqueous  solu¬ 
tion  ( 6 ).  It  has  also  been  demonstrated  that  copper  in  powdered 
whole  milk  is  concentrated  in  the  milk  protein  (10).  Presumably 
a  similar  condition  exists  in  raw  milk.  It  is  therefore  sufficient 
to  transfer  the  copper  in  milk  to  the  electrovalent  form  of  cupric 
ions  by  reducing  the  pH  to  lees  than  3.0.  This  accomplishes  a 


secondary  advantage,  in  that  under  optimum  conditions  the 
protein  is  precipitated  and  fat  will  be  carried  into  the  curd. 
Thus  by  simple  filtration  it  is  possible  to  make  the  copper  avail¬ 
able  and  to  eliminate  interfering  protein  and  fat.  The  filtrate  so 
obtained,  when  corrected  for  added  acid,  solids  and  fat  loss, 
contains  copper  in  the  same  concentration  as  the  original  solu¬ 
tion  whether  it  was  raw  milk  or  reconstituted  powdered  milk. 
Synthetic  ion-exchange  resins  offer  a  satisfactory  method  of  con¬ 
centrating  the  copper  from  the  milk  filtrate  with  the  minimum 
effect  of  residual  organic  constituents  remaining  in  the  milk 
filtrate. 


Gram  Samples 

While  there  has  been  a  considerable  amount  of  work  published 
on  the  general  behavior  of  ion-exchange  resins  on  cations  in  solu¬ 
tion  (4,  8),  very  little  has  been  published  on  concentrations  for 
analytical  procedures.  Zeo-Carb  has  been  used  (8),  but  it  was 
not  considered  satisfactory  for  trace  work  because  it  cannot  be 
purified  sufficiently.  In  so  far  as  the  authors  are  aware  there 
have  been  no  publications  describing  the  use  of  ion-exchange 
resihs  as  a  means  of  concentrating  metals  in  microgram  concen¬ 
trations.  The  general  equation  applicable  to  the  separation  of 
cations  from  anions  by  any  ion  exchanger  in  the  hydrogen  cycle 
(3)  may  be  represented  as: 

2H+  A-  +  Cu++  +  S04 —  —  Cu++  A-2  +  2H+  +  S04“" 

EXPERIMENTAL 

The  usual  protein  precipitants  such  as  metaphosphoric,  tri¬ 
chloroacetic,  and  tungstic  acids  were  unsatisfactory,  owing  to 
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the  difficulty  involved  in  removing  traces  of  copper  from  these  re¬ 
agents.  Glacial  acetic  acid,  although  a  satisfactory  precipitant, 
could  not  be  used  because  of  buffering  capacity  of  the  system. 
An  unreasonably  large  amount  was  required  to  reduce  the  pH  sub¬ 
stantially  below  pH  3.5.  An  ideal  precipitant  was  found  in  per¬ 
chloric  acid  (7);  an  almost  negligible  amount  was  required  to 
reduce  the  pH  to  1.0  with  a  resulting  precipitate  that  was  easily 
filtered.  The  data  presented  in  Table  I  were  obtained  from 
samples  by  varying  the  contact  time  of  the  perchloric  acid  with 
the  milk  from  30  minutes  to  16  hours  and  demonstrate  the  rapid¬ 
ity  with  which  the  copper  is  removed  from  protein  complexes  at 
low  pH.  Complete  liberation  is  obtained  in  30  minutes  or  less. 


Table  I.  Spectrophotometric  Data  Obtained  by  Acid  Digestion  of 
Samples  and  Prepared  Filtrates 

Copper  content  of 
Copper  Content  75-MI.  Prepared 


Sample  of  5-Gram  Sample  Filtrate 

P.p.m.  P.p.m. 

Raw  fluid  milk  0.15  0.10 

0.15  0.15 

Powdered  whole  milk  0.85  0.70 

0.80  0.80 

0.95  0.85 

0.95  0.90 

0.60  0.70 

Powdered  whole  milk,  special  15.0  15.5 

Duplicate  determination  15.2  15.0 

15.2 

Ice  cream  mix,  powdered  0.20  0.35 

0.65  0.45 


No  attempt  has  been  made  to  compare  all  the  possible  ion  ex¬ 
changers.  Amberlite  IR-100  has  been  used  entirely  for  this 
study  and  has  been  found  entirely  satisfactory.  The  resin  was 
supplied  as  the  hydrogen  derivative,  and  was  used  in  the  hydrogen 
cycle.  However,  as  the  resin  supplied  in  its  original  form  con¬ 
tained  a  small  amount  of  copper  it  had  to  be  purified.  This  was 
easily  accomplished  by  washing  with  10%  hydrochloric  acid 
followed  by  a  water  rinse.  Back-washing  was  not  necessary, 
down  flow  of  both  regenerate  and  rinse  being  employed.  In  using 
the  proposed  method  zero  copper  blanks  were  obtained.  Dry- 
ashing  of  the  prepared  resin  indicated  a  residual  copper  content 
of  much  less  than  1  microgram  per  gram,  but  as  this  copper  was 
not  removed  by  the  elutriant  acid  and  rinse  it  can  be  ignored.  A 
column  of  resin  150  mm.  long  and  12  mm.  in  diameter  absorbed 
up  to  1  mg.  of  copper  regardless  of  the  amount  of  filtrate  in  which 
it  was  dissolved.  Thus,  a  column  of  this  size  was  more  than  ade¬ 
quate  for  absorbing  all  the  copper  in  100  ml.  of  milk  filtrate.  Cal¬ 
cium  absorption  did  not  interfere,  even  though  the  concentration 
was  high — up  to  250  mg.  per  100  ml.  of  milk.  Passage  of  filtrate 
through  the  column  was  rapid  and  a  rinsing  with  100  ml.  of  water 
was  found  to  be  sufficient.  The  copper  absorbed  by  the  resin 
was  readily  dissolved  in  dilute  hydrochloric  acid. 

Polarographic  analysis  of  the  elutriant  was  employed  as  offer¬ 
ing  the  most  rapid  and  simple  method.  This  does  not  preclude 
spectrophotometric  methods  of  analyses,  however. 

METHOD  OF  APPLICATION 

Apparatus.  Suitable  polarograph  with  cells  of  approxi¬ 
mately  10-ml.  capacity. 

Pyrex  Ware.  All  Pyrex  ware  should  be  thoroughly  cleaned  by 
washing  with  concentrated  nitric  acid,  and  rinsed  thoroughly 
with  tap  water,  with  distilled  water,  and  finally  several  times  with 
redistilled  water.  Columns  can  be  prepared  from  Pyrex  con¬ 
denser  tubes,  chromatographic  separation  tubes,  filter  tubes,  etc. 
It  is  essential  only  that  a  column  should  be  approximately  150 
mm.  X  10  mm.  in  diameter.  The  lower  end  of  the  column  should 
be  plugged  loosely  with  just  sufficient  glass  wool  to  retain  the 
resin.  The  elutriant  should  be  withdrawn  through  a  small 
length  of  amber  gum  rubber  tubing  equipped  with  a  screw  clamp 
to  shut  off  and  to  adjust  flow  of  elutriant. 

Reagents.  Amberlite  IR-100,  analytical  grade,  low  in  cop¬ 
per,  obtained  from  Resinous  Products  and  Chemical  Company, 
Philadelphia,  Pa. 

Redistilled  Water.  Distilled  water  redistilled  from  Pyrex. 

Perchloric  Acid,  72%,  double  vacuum-distilled,  obtained  from 
G.  Frederick  Smith  Chemical  Company,  Columbus,  Ohio. 

Filter  Paper.  Wash  with  dilute  hydrochloric  acid  and  rinse 
with  redistilled  water  to  remove  any  traces  of  copper. 
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Cresol  Purple  Indicator.  Dissolve  0.1  gram  of  cresol  purple  in 
ethyl  alcohol. 

Ammonia,  Dilute.  Dilute  10  ml.  of  concentrated  ammonium 
hydroxide  with  100  ml.  of  redistilled  water. 

Hydrochloric  Acid,  6%.  Dilute  1  volume  of  concentrated 
hydrochloric  acid  with  5  volumes  of  redistilled  water. 

Electrolyte.  3  N  ammonia  and  ammonium  chloride  with 
gelatin  as  a  maxima  suppressor.  Prepare  as  follows: 


NH4OH  (28%)  200  ml. 

NH4CI  40  grams 

Gelatin  10  ml.  of  a  1%  solution 

Make  up  to  1000  ml.  with  redistilled  water. 

Standard  Copper  Solutions.  Stock  Solution.  Dissolve  1.0000 

gram  of  electrolytic  sheet  copper  in  20  ml.  of  concentrated  nitric 
acid  and  make  up  to  1000  ml.  with  redistilled  water.  One  milli¬ 
gram  of  this  solution  is  equivalent  to  1  mg.  of  copper. 

Working  Standard.  Dilute  a  volume  of  the  stock  solution 
with  redistilled  water  so  that  1  ml.  of  the  working  standard  is 
equivalent  to  20  micrograms  of  copper.  Prepare  a  fresh  working 
standard  daily. 

Wash  the  untreated  Amberlite  IR-100  in  a  1000-ml.  Erlen- 
meyer  flask  with  a  fairly  strong  stream  of  tap  water.  Allow  flask 
to  overflow,  adjusting  the  water  pressure  so  that  any  undue 
amount  of  fine  material  will  be  carried  off  with  the  overflow. 
Transfer  the  washed  resin  to  a  suitable  column  of  such  capacity 
that  a  considerable  quantity  of  resin  may  be  freed  of  copper  at 
one  time.  The  column  must  be  filled  with  water  prior  to  the 
addition  of  the  resin.  Fill  column  so  that  it  is  about  three- 
quarters  full  of  resin.  Drain  water  in  the  column  so  that  only  a 
few  millimeters  height  remains  above  the  resin  bed. 

Slowly  pass  hot  10%  hydrochloric  acid  through  the  resin, 
allowing  the  fluid  level  almost  to  reach  the  surface  of  the  resin 
before  adding  the  next  portion.  Continue  the  acid  wash  until 
75  ml.  of  the  effluent  acid  wash  show  a  negative  copper  content 
when  tested  with  a  copper-specific  reagent  such  as  carbamate  or 
dithizone.  Wash  free  of  hydrochloric  acid  with  redistilled  water 
as  indicated  by  a  negative  chloride  test  with  silver  nitrate. 

Store  the  prepared  resin  under  redistilled  water. 

A  suitable  column  is  easily  prepared  if  it  is  first  filled  with  re¬ 
distilled  water  and  the  resin  added.  Never  allow  the  resin  to 
become  dry.  In  all  operations  make  certain  that  the  fluid  level 
never  passes  below  the  upper  level  of  the  resin.  Properly 
cleansed  resin  will  give  zero  copper  contents  when  washed  with  a 
water-perchloric  acid  solution  at  pH  5.0. 

Sample  Preparation.  Whole  Milk.  Mix  well  to  ensure 
uniform  distribution  of  fat. 

Powdered  Milk  and  Ice  Cream  Mix.  Reconstitute  25  grams 
in  redistilled  water  and  make  up  to  250-ml.  volume  with  redis¬ 
tilled  water.  Reconstitution  is  best  accomplished  by  adding  the 
milk  slowly  to  water  with  constant  agitation. 

Procedure.  Transfer  the  prepared  sample  to  a  400-ml. 
beaker,  add  4.00  ml.  of  double  vacuum-distilled  72%  perchloric 
acid,  and  mix  thoroughly  by  stirring.  Allow  to  stand  at  ieast4).5 
hour.  Stir  thoroughly  but  gently  and  filter.  Allow  the  precipi¬ 
tated  curd  to  drain;  the  curd  should  retain  no  more  than  25% 
of  the  filtrate.  If  the  filter  paper  is  washed  free  of  copper  just 
prior  to  use,  discard  the  first  few  milliliters  of  filtrate  which  will 
be  diluted  with  water  from  the  paper.  Transfer  100  ml.  of 
filtrate  to  a  150-  to  250-ml.  beaker,  and  add  3  drops  of  cresol 
purple  indicator.  Add  dilute  ammonia  reagent  slowly  with 
thorough  mixing  until  the  addition  of  one  drop  yields  a  change 
from  yellow  to  gray  or  gray-purple  (approximately  pH  5.0).  At 
this  point  there  will  be  formed  a  slight  but  permanent  precipi¬ 
tate,  which  may  be  utilized  as  a  further  indication  of  the  end 
point. 

Pass  the  neutralized  filtrate  through  a  prepared  ion-exchanger 
column,  adjusting  the  flow  so  that  the  dropping  rate  is  2  to  3 
drops  per  second.  Never  allow  the  ion  exchanger  to  become  dry. 
Always  stop  flow  so  that  a  small  amount  of  fluid  remains  above 
the  surface.  Rinse  residual  filtrate  from  the  beaker  into  the 
column  with  redistilled  water  and  wash  the  column  with  about 
200  ml.  of  redistilled  water.  Stop  flow  on  final  wash,  so  that 
about  5  mm.  of  water  remain  above  the  resin. 

Wash  the  absorbed  copper  from  the  column  with  a  total  volume 
of  40  ml.  of  6%  hydrochloric  acid,  using  four  approximately  equal 
portions.  Never  allow  fluid  level  to  pass  below  top  level  of 
resin  bed.  On  the  final  wash  allow  the  column  to  drain  as  com¬ 
pletely  as  possible.  Evaporate  the  combined  washings  to  dryness 
on  a  water  bath  and  cool.  Add  5  ml.  of  the  electrolyte,  stir,  and 
allow  to  stand  10  minutes.  Prepare  two  polarographic  cells. 
To  cell  A  add  1  ml.  of  redistilled  water  and  2  ml.  of  the  prepared 
sample.  To  cell  B  add  1  ml.  of  the  working  copper  standard  (1 
ml.  =  20  micrograms  of  copper)  and  2  ml.  of  the  prepared 
sample.  Eliminate  oxygen  by  bubbling  hydrogen  or  nitrogen 
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through  the  cells  for  5  minutes  and  record  polarograms.  Run  a 
reagent  blank  daily  on  redistilled  water  and  perchloric  acid  and 
correct  for  any  copper  found  in  the  reagents.  Run  the  blank  in 
the  same  manner  as  the  sample. 

Calculation.  Let  a  represent  the  step  height  due  to  the  con¬ 
centration  of  copper  in  cell  A  (unknown  +  water)  and  b  the  step 
height  due  to  the  concentration  copper  in  cell  B  (unknown  + 
standard).  The  difference  ( b  —  a )  is  then  due  to  the  added 
standard  which  represents  a  concentration  of  l/%  of  20  or  6.67 

micrograms  of  copper  per  ml.  Then  ^  _  a)  X  (I)  is  the 


concentration  of  the  copper  in  the  unknown  in  micrograms  per 

“L  [(r^)  x  f  X  1  X  S]  or  [(j^)  X  SO]  represents 

the  total  micrograms  copper  in  the  aliquot  of  milk  filtrate  taken 
for  analysis.  (It  is  assumed,  of  course,  that  the  analyst  will 
determine  a  and  b  at  the  same  sensitivity.) 

Determine  the  micrograms  of  copper  in  the  milk  filtrate  as 
directed  above.  Deduct  for  a  reagent  blank  and  report  copper 
on  a  p.p.m.  basis  of  the  original  sample. 

Example:  Make  up  25  grams  powdered  milk  to  250  ml.  and 
take  100  ml.  of  filtrate  for  analysis;  100  ml.  of  filtrate  would  then 
represent  10  grams  of  sample.  If  step  heights  a  and  b  are  found 
to  be  55  and  75,  respectively,  the  total  micrograms  of  copper  in 

the  100  ml.  of  filtrate  would  be  ^75^-55)  X  5()J  or  137.57 


micrograms  of  Cu. 

If  the  reagent  blank  was  found  to  contain  5  micrograms  of 
,  ,  ...  / 137.57 -5.0\ 

copper,  the  copper  expressed  as  p.p.m.  would  be  I - - I  or 


13.3  p.p.m.  (micrograms  per  gram). 

Express  copper  in  powdered  products  as  p.p.m.  (mg.  per  kg.) 
and  in  fluid  milk  as  p.p.m.  (mg.  per  liter). 


Table  II.  Precision  of  Proposed  Method 

(Single  sample  of  high  copper  content  powdered  whole  milk) 


Aliquot  of 
Prepared 

Added 

Filtrate 

Copper 

Ml. 

7 

100 

0.0 

50 

40.0 

100 

0.0 

50 

40.0 

Step 

Sensitivity 

Height 

Vi»  in. 

1/5 

73 

1/5 

62 

1/10 

35 

1/10 

30 

Total 

Copper 

Copper 

Originally 

Found  in 

Present  in 

Aliquot 

Filtrate 

7 

7/  ml. 

114.50 

1.14 

97.25 

1.14 

112.00 

1.12 

96.00 

1.12 

Recovery  of  copper  from  aqueous  perchloric  acid  solution,  pH  5 . 0 


Copper  passed  through  column  80.0  7 

Copper  recovered  from  column  79.2  7 

Copper  passed  through  column  10.0  7 

Copper  recovered  from  column  9.9  7 


DISCUSSION 

When  the  procedure  was  first  tried,  an  external  standard  was 
employed,  but  the  amount  of  copper  recovered  was  erratic. 
This  condition  was  corrected  by  using  an  internal  standard  or 
“standard  addition”  technique  as  described  by  Hohn  ( 5 ).  The 
failure  of  the  external  standard  method  was  traced  to  the  fact 
that  small  but  varying  quantities  of  precipitated  casein  redis¬ 
solved  at  the  very  low  pH  employed.  On  neutralization  of  the 
filtrate  to  pH  5.0  the  casein  would  again  be  precipitated,  remain 
in  the  resin  column,  and  again  be  redissolved  by  the  elutriant 
acid.  In  addition,  sugars  and  salts  of  the  milk  filtrate  are  carried 
through  the  resin.  The  varying  quantities  of  these  materials 
markedly  influenced  the  diffusion  current.  However,  with  the 
method  of  standard  addition  the  diffusion  current  was  found  to 
be  strictly  a  linear  function  of  the  copper  concentration.  Al¬ 
though  two  polarograms  must  be  recorded  for  each  analysis,  it  is 
no  serious  time-consuming  burden  on  the  analyst — for  example, 
with  the  instrument  used  in  this  work  (Heyrovsk^  micropolaro- 
graph,  Model  XIX)  the  two  polarograms  can  be  completed  in  6 
minutes. 

The  gross  volume  change  between  prepared  sample  and  de- 
proteinized  and  defatted  milk  filtrate  due  to  change  in  total  solids 
and  fat  elimination  has  a  negligible  effect  on  the  concentration 


of  trace  components.  Furthermore,  the  addition  of  perchloric 
acid  compensates  largely  for  this  loss.  This  is  well  evidenced  in 
Table  I,  which  shows  comparative  data  between  spectrophoto- 
metric  determinations  of  copper  in  fluid  milk,  powdered  whole 
milk,  and  ice  cream  mix  and  their  respective  filtrates  prepared 
in  accordance  with  the  proposed  method.  In  all  cases  where 
spectrophotometric  data  are  presented  the  mono-color  dithizone 
procedure  of  Bendix  and  Grabenstetter  (2)  was  employed. 
Seventy-five  milliliters  of  filtrate  were  employed  for  all  determina¬ 
tions  made  on  filtrates.  The  aliquots  were  concentrated  and 
digested  with  sulfuric  and  nitric  acids.  Five-gram  samples  of  the 
powdered  milk  samples  were  prepared  for  analysis  by  acid  di¬ 
gestion  with  sulfuric,  nitric,  and  perchloric  acids  as  described  by 
Thompson  ( 9 )  for  preparation  of  samples  for  iron. 

The  necessity  of  buffering  the  filtrate  is  eliminated,  as  the  pH 
need  not  be  too  critically  controlled.  Excellent  copper  recoveries 
may  be  obtained  from  filtrates  ranging  from  pH  3.5  to  6.5.  The 
neutral  point  of  the  ammonium  hydroxide-perchloric  acid  system 
is  pH  5.0,  and  the  indicator  titration  described  will  with  reason¬ 
able  care  yield  a  filtrate  well  within  the  pH  limits.  During  the 
passage  of  neutralized  filtrates  (pH  3.5  to  6.5)  through  the  resin, 
the  pH  will  not  vary  appreciably  from  1.  Water  washing  of  a 
prepared  resin  column  will  yield  an  effiuent  of  pH  5  to  6.  Thus, 
if  the  following  conditions  are  adhered  to,  excellent  copper  re¬ 
coveries  will  be  obtained: 

pH  of  prepared  resin  5  to  6 

pH  during  passage  of  filtrate  Approximately  1 

pH  at  end  of  water  wash  5  to  6 

When  the  pH  of  the  filtrate  is  greater  than  7,  the  residual  acid 
of  the  resin  is  rapidly  depleted  and  the  “copper-grabbing”  prop¬ 
erties  are  also  depleted.  If  the  pH  is  lower  than  1,  the  copper 
will  pass  through  the  resin  without  absorbing. 

Precision  of  the  proposed  method  is  demonstrated  in  Table  II, 
which  shows  data  obtained  on  a  single  sample  of  high  copper  con¬ 
tent  powdered  whole  milk,  but  using  different  volumes  of  filtrate 
and  different  sensitivities.  Copper  was  added  prior  to  the  addi¬ 
tion  of  the  perchloric  acid. 

Table  III  shows  comparative  data  obtained  by  the  proposed 
method,  the  dithizone  procedure,  and  a  procedure  in  which  the 
sample  was  first  dry-ashed  (ignited)  and  determined  polarographi- 
cally. 

If  polarographic  equipment  is  not  available,  spectrophoto¬ 
metric  methods  may  be  employed.  A  suggested  procedure  is  as 
follows: 

Recover  the  elutriant  acid  and  washings  from  the  resin  in  a 
300-ml.  Kjeldahl  flask.  Concentrate  by  boiling.  Cool  and  add  4 
ml.  of  concentrated  sulfuric  acid  and  few  milliliters  of  redistilled 
nitric  acid.  Complete  destruction  of  organic  matter  in  the  usual 


Table  III.  Comparison  of  Methods  for  Determining  Copper 


Sample 


Spectrophotometric 
Dithizone 
Procedure, 
Sample  Wet-Ashed 

P.p.m. 


Polarographic 

Procedure, 

Sample 

Dry-Ashed 

P.p.m. 


Proposed 

Method 

P.p.m. 


Raw  fluid  milk  0 . 15 

0.15 

Powdered  whole  milk11  . 


Duplicate  determination  . 

Powdered  whole  milk°  15.2 

Duplicate  determination  15.1 

15.0 

Powdered  whole  milk  0 . 80 

0.60 

Ice  cream  mix  0.65 

0.20 

Nonfat  milk  solids  . 


0.15 
-  0.20 


11.3 

11.7 

11.4 

11.7 

10.8 

10.7 

10.8 

15.0 

15.5 

15.2 

0.80 

0.70 

0.45 

0.35 

r.  i 

1.1 

1.2 

1.2 

0  Special  high  copper  content  samples. 
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manner,  make  the  prepared  solution  up  to  50  ml.,  and  determine 
the  copper  in  accordance  with  the  method  of  Bendix  and  Graben- 
stetter  (2). 

In  this  manner  a  concentration  of  four  times  that  possible  by 
direct  digestion  of  the  sample  is  accomplished.  Phosphates  wall 
have  been  eliminated  as  anions  in  passing  through  the  resin  the 
first  time. 

It  is  anticipated  that  the  proposed  method,  or  modifications 
thereof,  will  have  wide  application  to  the  determination  of  traces 
of  copper  in  a  number  of  food  products,  particularly  those  foods 
which  are  in  liquid  form  or  can  be  readily  dissolved  or  blended  to 
a  liquid  form.  In  the  latter  case  correction  for  volume  changes 
will  undoubtedly  be  of  significance. 

Investigations  are  now  being  undertaken  in  application  of  the 
concentration  techniques  described  for  the  determination  of 
traces  of  metals  other  than  copper. 
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Measurins  the  Distribution  of  Particle  Size  in  Dispersed 

Systems 

WALTER  M.  DOTTS1 

Walter  Reed  General  Hospital,  Washington,  D.  C. 


An  existing  method  for  particle  size  measurement  has  been  sim¬ 
plified.  An  apparatus  and  a  technique  are  described  which  bring 
the  investigation  of  particle  size  distribution  and  related  research 
within  the  scope  of  laboratories  having  limited  facilities.  A  con¬ 
sistent  technique  is  suggested  for  testing  all  dispersions  in  general 
and  concentrated  emulsions  in  particular. 

MOST  of  the  methods  now’  in  use  for  particle  size  determina¬ 
tion  involve  apparatus  too  complex  and  specialized  to  be 
feasible  for  the  occasional  needs  of  many  investigators.  A 
simplified  procedure,  useful  for  every  system  from  concentrated 
emulsions  to  dilute  suspensions  and  requiring  only  apparatus 
which  can  be  assembled  in  any  laboratory,  would  be  advantageous. 

Significant  data  on  globule  size  distribution  in  emulsions  having 
a  high  percentage  of  internal  phase  are  difficult  to  obtain,  since 
most  methods  used  for  particle  size  measurements  make  use  of  the 
laws  of  settling  which  do  not  apply  under  such  conditions.  Stoke’s 
friction  law,  for  instance,  fails  when  the  emulsifying  agent  itself 
constitutes  a  continuous  phase  within  the  emulsion,  or  when  the 
external  phase  ceases  to  represent  a  homogeneous  mass  compared 
to  the  mean  distance  between  internal  phase  globules. . 

A  constant  velocity  of  settling  is  assumed  in  most  laws  govern¬ 
ing  the  fall  of  particles  in  a  fluid  medium.  This  condition  can  be 
obtained  only  in  dilute  systems.  Addition  of  excess  external 
phase  until  a  dilution  is  reached,  where  it  is  known  that  the  laws 
of  settling  do  apply,  may  be  the  most  straightforward  way  of 
handling  concentrated  emulsions. 

The  testing  of  all  dispersed  systems  under  the  same  conditions 
tends  to  increase  the  significance  of  the  results.  This  is  particu¬ 
larly  evident  when  systems  having  nearly  the  same  range  of 
particle  size  but  different  concentrations  are  considered,  for  when 

1  Present  address,  1530  Park  Ave.,  Richmond,  Va. 


these  are  diluted  to  a  standard  concentration  for  measurement, 
the  probability  of  any  particle  suffering  interference  equivalent 
to  a  definite  lengthening  of  its  period  of  settling  is  approximately 
the  same  for  each  system. 

In  view  of  these  considerations,  the  author  has  improved  an 
existing  micromanometric  method  (2,  8,  5,  6,  9)  by  simplifying 
calculations,  minimizing  work,  and  introducing  a  more  consistent 
technique  which  extends  the  usefulness  of  the  method. 

THEORETICAL 

Let 

6  =  angle  inclined  part  of  capillary  manometer  makes 

with  horizontal 

M  =  hypothetical  membrane  at  juncture  of  manometer 
with  sedimentation  tube 

A  =  cross-sectional  area  of  sedimentation  tube  of  uniform 
cross  section 

H  =  vertical  distance  from  mid-point  of  M  to  surface  in 
sedimentation  tube 

s  =  mean  cross-sectional  area  of  capillary  manometer 
di  —  density  of  internal  phase  of  dispersed  system 
dx  =  density  of  external  phase  (dispersion  medium) 
y  =  distance  meniscus  retreats  in  manometer  during 
time  t 

w  —  grams  of  internal  phase  settling  or  rising  past  M  dur¬ 
ing  time  t 

A  dispersed  system  is  put  into  the  large  tube  after  the  manom¬ 
eter  has  been  filled  with  the  dispersion  medium  (by  filling  the 
whole  system  with  the  dispersion  medium,  closing  the  stopcock, 
and  pouring  out  the  contents  of  the  sedimentation  tube).  As 
particles  of  the  internal  phase  move  past  the  mid-point  of  M, 
the  density  of  the  system  above  this  point  decreases  and  the 
pressure  which  its  weight  exerts  upon  M  diminishes,  causing  a 
receding  of  the  meniscus  in  the  manometer.  As  w  grams  of  the 
dispersed  phase  settle  or  rise  past  M,  a  volume  of  dispersion  me¬ 
dium  weighing  w  grams  is  displaced  upwards  or  downwards. 
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The  accompanying  change  in  pressure,  Ap^  on  the  sedimentation 
tube  side  of  M  is  given  by 


A  pi  = 


(1) 


To  compensate  this  change,  the  meniscus  falls  in  the  manom¬ 
eter  a  distance  y,  producing  a  change  in  pressure,  Ap>,  on  the 
manometer  side  of  M. 

Ap2  =  —ilxXy  sin  0  (2) 

However,  the  fall  in  level  in  the  manometer  introduces  into 
the  main  tube  a  quantity  of  dispersion  medium.  This  amount  of 
liquid  added  to  the  quantity  in  the  tube  increases  the  pressure  on 
that  side  of  M  by  A p3  which  is  given  by 


Ap3  = 


sXyXd, 


(3) 


Equating  the  pressures  on  both  sides  of  M — i.e.,  letting 
Api  +  Ap3  =  A p-i  and  simplifying: 


w  =  y 


dxd% 


j  d%  dx 


(A  sin  6  +  s) 


(4) 


Inspection  of  Equation  4  shows  that,  in  order  to  measure  the 
distribution  of  particle  size  in  emulsions  where  ( |  d,  —  dx  | )  is 
small,  the  term  ( A  sin  6  +  s)  should  have  a  value  of  about  0.05. 
Thus,  for  a  5%  benzene  in  water  emulsion  the  meniscus  would 
retreat  over  40  cm.  in  the  manometer  during  a  run  on  a  50-ml. 
sample.  When  testing  dispersions  of  most  solids,  (A  sin  6  +  s) 
should  approach  0.1  for  an  apparatus  of  the  dimensions  discussed 
below.  Since  y  can  be  measured  to  the  nearest  0.1  mm.  with 
simple  equipment,  a  precision  of  1%  is  obtained  on  all  but  2.5% 
or  less  of  the  dispersed  phase.  . 

The  capillary  should  have  an  inside  diameter  of  about  0.75  mm. 
with  8-mm.  outside  diameter  for  rigidity.  The  manometer  gage 
should  be  about  50  cm.  long.  Sin  d  should  lie  between  0.01  and 
0.05.  The  diameter  of  the  main  tube  should  not  exceed  16  mm. 
and  it  should  be  long  enough  to  contain  50  ml.  below  and  above 
M .  It  is  not  wise  to  use  a  capillary  with  much  smaller  bore  than 
that  mentioned,  for  capillarity  and  lack  of  uniformity  over  any 
useful  length  would  introduce  errors.  The  influences  of  tempera¬ 
ture  variations,  inertia,  evaporation,  and  contamination  of  the 
walls  of  the  manometer  contribute  to  make  1%  the  limiting  accu¬ 
racy  for  this  method.  However,  excepting  carefully  controlled 
conditions,  the  errors  which  arise  in  most  applications  of  the 
equations  governing  fluid  friction  do  not  permit  greater  accuracy. 

If  we  let  P  denote  the  percentage  of  the  total  mass  of  internal 
phase  settling  or  rising  past  M  during  time  t,  while  W  represents 
the  total  mass  of  internal  phase  in  the  original  system 

P  =  ~  x  100  (5) 


If  Y  represents  the  total  recession  of  the  meniscus  in  the 
i  manometer  during  a  run,  it  follows  from  Equation  4  that 

P  =  Y  X  100  (6) 

When  a  run  is  made,  the  position  of  the  meniscus  as  read  on  a 
l  scale  strapped  under  the  manometer  must  be  recorded  at  meas¬ 
ured  time  intervals.  Also,  H  must  be  known  to  the  nearest  milli- 
i  meter.  Equation  6  is  used  to  compute  values  of  P  corresponding 
to  observed  values  of  y. 

The  actual  amount  of  material  represented  by  any  value  of  P 
is  a  heterogeneous  system  composed  of  (a)  particles  constituting 
size  groups  the  whole  of  which  have  passed  M  during  the  asso- 
*  dated  time  elapsed,  and  (6)  smaller  particles  belonging  to  all  the 
'  other  size  groups  present  in  the  polydispersed  system.  The  rate 
of  sedimentation  (up  or  down)  of  all  these  classes  together  is 
dP/dt.  Thus,  t  X  dP/dt  gives  the  percentage  of  dispersed  phase 
in  these  latter  size  ranges.  Therefore,  if  S  denotes  the  percentage 
of  internal  phase  in  size  ranges  which  have,  in  their  entirety, 
passed  M  during  time  t 

P  =  S  ’+  (t  X  dP/dt)  (7) 


If  P  is  plotted  against  t,  the  ordinate  intercept  on  the  P  axis  of 
any  tangent  to  the  resulting  curve  will  be  a  value  of  S  (1,  4,  7,  8). 

•  Thus,  the  difference  between  the  ordinate  intercepts  of  any  two 
tangents  to  this  P,t  curve  gives  the  percentage,  AS,  of  the  total 
dispersed  phase  corresponding  to  the  size  range  r  .  .  .  rn  calculated 
from  Stoke’s  law  for  the  time  interval  between  the  abscissas  at 
these  points  of  tangency.  The  distribution  of  particle  size  can 
now  be  tabulated  for  all  the  material  in  the  dispersed  phase. 

The  following  form  of  Stoke’s  law  should  be  used  in  this  cal¬ 
culation  : 

0  =  9  X  y  X  H 

T~  2  X  D  X  fir  X  l 

where 

r  -  radius  of  particles  moving  with  constant  velocity 

■q  =  viscosity  of  dispersion  medium,  poise 

I)  =  absolute  density  of  internal  phase,  |d,  —  dx\ 

g  =  acceleration  of  gravity 

t  =  time  of  sedimentation,  seconds 

In  the  author’s  experience,  most  emulsions  having  a  percentage 
of  internal  phase  not  greater  than  the  close-packing  ratio  for 
spheres  of  uniform  size  (74.048%)  do  not  break  upon  dilution  with 
excess  of  their  pure  external  phase.  In  true  emulsions  the  pro¬ 
tecting  films  of  emulsifying  agent  (no  matter  whether  they  are 
composed  of  solid  particles,  polar  molecules,  electrically  charged 
ions,  etc.)  surrounding  a  globule  of  internal  phase  can  exist  un¬ 
changed  completely  apart  from  any  other  such  films  on  any  other 
globule.  The  same  characteristics  of  the  protecting  layer  which 
prevent  globules  from  coalescing  when  they  are  almost  in  contact 
with  one  another  will  function  equally  well  when  the  same 
.  globules  collide  in  a  diluted  emulsion. 


Emulsions  which  break  upon  dilution  are  generally  those  hav¬ 
ing  more  than  74.048%  of  internal  phase,  and  usually,  these  are 
partially  pseudo-emulsions — that  is,  they  contain  internal  phase 
globules  which  are  not  covered  by  emulsifying  agent  but  are 
pocketed  mechanically  among  protected  globules.  Upon  dilu¬ 
tion  these  unprotected  globules  coalesce  to  form  a  layer  of  free 
internal  phase  which  destroys  the  whole  emulsion.  When  the 
close-packing  ratio  is  exceeded,  the  films  of  emulsifying  agent  are 
in  continuous  contact  over  large  areas  of  their  surfaces  and  often 
become  actually  a  separate  continuous  phase.  In  such  systems, 
dilution  destroys  the  continuity  of  the  network  of  emulsifying 
agent  and  such  emulsions  often  break  spontaneously. 

However,  for  most  emulsions  having  concentrations  of  internal 
phase  between  20  and  74%,  dilution  may  be  the  only  practical 
means  by  which  they  can  be  reduced  to  a  form  where  the  dis- 
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tribution  of  particle  size  can  be  measured.  Furthermore,  the 
cases  other  than  the  exceptions  discussed  above  give  little  evi¬ 
dence  that  dilution  will  influence  the  size  of  dispersed  particles. 

EXPERIMENTAL 

The  dimensions  of  the  apparatus  have  been  discussed  and  are 
repeated  in  Figure  1.  The  capillary  is  selected  for  its  uniformity 
by  measuring  the  length  of  a  piece  of  clean  mercury  at  various 
portions  of  the  length  of  the  tube  to  be  used  as  the  manometer. 
Available  in  most  laboratories  is  a  room  or  bath  where  a  fixed 
temperature  can  be  maintained  to  within  ±0.5°  C.,  which  is 
sufficient  even  when  liquids  having  high  coefficients  of  expansion 
are  used  in  this  apparatus.  No  calibration  of  the  apparatus  is 
necessary. 


t,  Seconds 

Figure  2 


If  any  difficulty  arises  in  obtaining  the  desired  sin  6,  a  trial  run 
can  be  made,  during  which  the  positions  of  the  clamps  are  ad¬ 
justed  to  bring  the  manometer  as  close  to  the  horizontal  as  neces¬ 
sary  to  obtain  the  desired  accuracy.  With  the  manometer  full 
of  dispersion  medium  and  the  main  tube  empty,  a  run  is  begun 
by  pouring  a  dispersion  into  the  main  tube  to  a  predetermined 
mark  where  the  meniscus  in  the  manometer  is  supported  near  the 
beginning  of  the  manometer  scale  close  to  the  stopcock.  The 
timer  is  started  immediately  and,  simultaneously,  the  stopcock  is 
opened.  A  few  readings  must  be  taken  at  close  intervals,  so  that 
the  position  of  the  meniscus  at  zero  time  can  be  accurately  ob¬ 
tained  by  a  short  extrapolation.  The  rate  of  recession  of  the 
dispersion  medium  in  the  manometer  due  to  evaporation  via  the 
stopcock  and  in  the  main  tube  should  be  determined  for  each 
liquid  used.  Volatile  liquids  will  give  a  recession  of  only  a  frac- 


Table  I.  Particle  Size  Distribution 


r  X  101  cm. 

AS  (%) 

>10.1 

2.9 

10.1  -  8.97 

5 . 4 

8.97-8.24 

5 . 6 

8.24  -  7.74 

7.6 

7.74  -  7.51 

5 . 4 

7.51  -7.16 

4.3 

7.16-6.74 

12.4 

6.74  -  6.42 

16 . 5 

6.42  -  6.14 

.  14.7 

<6.14 

25.2 

tion  of  a  millimeter  per  hour.  Correction  can  be  made  for  this 
on  the  finest  dispersions.  Normally,  readings  should  be  stopped 
when  the  rate  of  recession  approaches  this  value. 

Curve  A  in  Figure  2  shows  the  mean  P,t  curve  for  three  runs 
on  identical  suspensions  of  1.80%  Fe304  in  1,4-dioxane  (diethylene 
dioxide).  The  density  and  viscosity  at  25°  of  the  p-dioxane  were 
1.03  grams  per  ml.  and  1.20  cp.,  respectively.  The  ordinate 
deviations  of  the  points  from  the  curve  are  1  %  or  less  in  all  but 
the  initial  values.  Results  which  are  reproducible  to  within  1% 
for  such  coarse  systems  show  that  higher  precision  is  possible  when 
dispersions  having  longer  settling  times  are  tested.  Curve  B, 
included  for  comparison,  represents  a  monodispersed  system 
composed  of  only  the  smallest  particles  in  A.  Table  I  gives  the 
weight  percentages  of  dispersed  phase  corresponding  to  various 
size  ranges. 

This  method  is  suggested  for  measurements  upon  emulsions  of 
all  concentrations  at  various  ages  to  determine  the  effects  of 
aging  upon  the  distribution  of  globule  size.  Samples  of  creams 
of  such  emulsions  may  be  diluted  with  dispersion  medium  to  a 
concentration,  for  example,  of  approximately  5%  internal  phase 
as  the  standard  form  to  be  tested.  While  some  doubt  may  exist 
as  to  whether  or  not  such  dilution  affects  the  distribution  of 
globule  size,  there  is  no  doubt  that,  for  a  series  of  similar  emulsions 
all  tested  under  approximately  the  same  conditions,  significant 
results  for  comparison  may  be  obtained.  Systems  of  mixed  pig¬ 
ments  where  photographic  or  colorimetric  methods  give  dubious 
results  are  readily  tested  with  this  apparatus. 
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High-Speed  Filter  Aid  for  Chromatographic  Analysis 

JOHN  B.  WILKES,  Poultry  Producers  of  Central  California,  San  Francisco,  Calif. 


SINCE  a  specially  prepared  heat-treated  siliceous  earth 
(Hyflo  Super-Cel)  sold  by  Johns-Manville  was  first  recom¬ 
mended  by  Strain  ( 5 )  to  preserve  the  advantages  inherent  in  the 
use  of  finely  divided  adsorbents  in  chromatographic  analysis  and 
to  increase  the  rate  of  flow  of  liquid  through  the  adsorbent- 
column,  it  has  found  wide  application  for  these  purposes.  It 
may  be  used  with  various  adsorbents  in  addition  to  that  origi¬ 
nally  recommended  (4). 

At  the  time  Hyflo  Super-Cel  was  first  recommended  by  Strain, 
this  product  allowed  the  highest  rate  of  flow  of  liquids  through 
a  column  of  any  of  the  filter  aids  commercially  available.  Several 
years  ago,  however,  several  filter  aids  became  available  which 
allow  higher  rates  of  flow.  Nevertheless,  Hyflo  Super-Cel  con¬ 
tinues  to  be  the  filter  aid  in  general  use  for  chromatographic 
analysis,  as  shown  by  recent  articles  ( 1 ,  2,  3,  7,  8).  Celite  No. 
545  allows  the  highest  rate  of  flow  of  any  filter  aids  presently 
available.  It  is  white  in  color  and  therefore  suitable  for  use  as  a 
filter  aid  and  diluent  in  chromatographic  analysis.  Table  I  shows 
the  rates  of  flow  resulting  from  using  Celite  No.  545  in  place  of 
Hyflo  Super-Cel  in  adsorption  columns  containing  some  typical 
adsorbents  mixed  with  filter  aids. 

The  magnesia  used  in  the  tests  was  Micron  Brand  No.  2641, 
made  by  Westvaco  Chlorine  Products  Co.,  Newark,  Calif.,  which 
is  widely  used  for  chromatographic  analysis.'  The  materials  were 
weighed  in  the  proportions  listed  and  thoroughly  mixed  by 
passing  through  a  kitchen-type  flour  sifter  three  or  four  times. 
In  all  cases  the  adsorption  columns  were  3.3  cm.  in  diameter.  The 
adsorption  columns  were  filled  with  adsorbent  mixture  to  the 
height  listed  in  Table  I,  and  fitted  to  modified  side-arm  separatory 
funnels.  A  battery  of  six  modified  side-arm  separatory  funnels 
was  connected  to  a  water  pump  capable  of  developing  a  maxi¬ 
mum  vacuum  of  2  cm.  of  mercury,  and  the  solvents  were  drawn 
through  the  columns  under  the  full  force  of  the  pump.  The 
solvents  were  run  concurrently  through  comparable  adsorbent 
columns  using  Hyflo  Super-Cel  and  Celite  No.  545.  All  deter¬ 
minations  were  in  triplicate,  and  the  averages  of  three  deter¬ 
minations  are  shown  in  Table  I . 

The  data  in  Table  I  show  that  substituting  Celite  No.  545  for 
Hyflo  Super-Cel  is  a  diluent  or  filter  aid  in  chromatographic  ad¬ 
sorption  analysis  will  result  in  greatly  increased  flow  rates 
through  the  adsorbent  columns.  The  saving  in  time  can  be 
appreciable  when  large  numbers  of  chromatographic  analyses 
are  made  during  a  day,  or  when  large  volumes  of  solvent  must 
be  passed  through  an  adsorption  column. 


Table  I.  Rates  of  Flow  of  Solvents  throush  Adsorbent  Columns 


Time  for  Solvent  to 
Pass  through  Column 


Column 

First 

100  ml.  after 

Adsorbent 

Solvent 

Height 

drop 

first  drop 

Cm. 

Min. 

Alin. 

1 

part  Super-Cel  to 

i 

part 

Petroleum 

10 

3 . 5 

9.5 

MgO 

ether 

1 

part  Celite  545  to 

i 

part 

Petroleum 

10 

2.5 

6 

MgO 

ether 

3 

parts  Super-Cel  to 

1 

part 

Petroleum 

15 

4.25 

6.25 

MgO 

ether 

3 

parts  Celite  54.3  to 

1 

part 

Petroleum 

15 

1.25 

2.25 

MgO 

ether 

1 

part  Super-Cel  to 
fuller’s  earth 

i 

part 

Water 

i  o 

4.5 

29 

1 

part  Celite  545  to 
fuller’s  earth 

i 

part 

Water 

7.5 

2.25 

12 

These  heat-treated  siliceous  earths  will  adsorb  chlorophylls 
and  carotenols  ( 6 ),  but  Celite  No.  545  is  less  strongly  adsorbent 
than  Hyflo  Super-Cel  for  these  pigments,  as  shown  by  the 
greater  width  of  pigment  bands  on  the  Celite  No.  545  columns 
when  equal  amounts  of  pigments  are  adsorbed  on  the  two  sili¬ 
ceous  earths.  Some  lots  of  Hyflo  Super-Cel  slightly  adsorb 
carotenes,  but  not  sufficiently  to  prevent  petroleum  ether  from 
readily  washing  the  carotenes  through  any  column  of  the  sizes 
normally  used.  Adsorption  of  carotene  by  Celite  No.  545  has 
not  been  observed. 

To  test  the  loss  of  carotenes  upon  passage  of  a  solution  of  caro¬ 
tenes  through  the  two  siliceous  earths,  aliquots  of  a  solution  of 
carotenes  in  low-boiling  petroleum  ether  (boiling  range  30°  to 
60°  C.)  were  run  through  adsorption  columns  of  Hyflo  Super-Cel 
and  Celite  No.  545.  The  columns  were  3.3  cm.  in  diameter  and 
were  filled  to  a  height  of  25  cm.  with  the  siliceous  earths.  The 
aliquots  were  diluted  to  75  to  100  ml.  with  petroleum  ether,  the 
solutions  were  poured  on  to  the  dry  columns  which  were  under 
suction,  the  carotenes  were  washed  through  the  columns  with 
fresh  petroleum  ether,  and  the  solutions  were  made  up  to  a  vol¬ 
ume  of  200  ml.  The  total  carotenes  in  the  original  solutions  and 
in  the  solutions  which  had  passed  through  the  columns  were  then 
determined  in  a  photoelectric  colorimeter.  Results  are  shown 
in  Table  II. 


Table  II.  Recovery  of  Carotene  from  Hyflo  Super-Cel  and  Celite 
No.  545  Columns 


Carotene  Added 


Carotene  Recovered 


Celite  No.  545 


Hyflo  Super-Cel 


Micrograms 

402 

207 

102 

89 

39 

14 


Micrograms 

407 

207 

100 

89 

39 

14 


Micrograms 

402 

201 

100 

83 

37 

14 


The  minimum  amount  of  carotene  that  could  be  definitely 
determined  in  the  colorimeter  at  the  concentrations  involved 
avried  from  2  micrograms  for  the  most  dilute  solution  to  5  micro¬ 
grams  for  the  most  concentrated  solution.  Within  these  limits, 
no  significant  loss  of  carotenes  could  be  detected  when  the 
carotene  solutions  were  passed  through  the  Celite  No.  545  columns. 
A  small  but  significant  loss  of  carotenes  occurred  in  some  in¬ 
stances  with  the  Hyflo  Super-Cel  columns. 

Thompson  et  al.  (7)  report  that  a  contaminant  absorbing  light 
in  the  region  of  310  to  370  millimicrons  dissolved  from  a  mixture 
of  calcium  hydroxide  and  Hyflo  Super-Cel  with  petroleum  ether 
and  benzene  mixtures.  It  has  been  observed  in  this  laboratory 
that  passing  methanol  or  water  through  a  column  of  Hyflo  Super- 
Cel  or  Celite  No.  545  will  wash  out  a  yellow  pigment.  Less  of  this 
pigment  has  been  obtained  from  Celite  No.  545  than  from  equal 
volumes  of  Hyflo  Super-Cel  in  the  samples  tested,  but  sufficient 
data  are  not  available  to  determine  if  this  is  a  general  relationship. 
This  pigment  will  cause  a  marked  light  absorption  on  a  photo¬ 
electric  colorimeter  using  a  Corning  No.  554  (Signal  Blue)  glass 
color  filter  as  in  the  colorimetric  determination  of  riboflavin. 
This  pigment  will  not  normally  interfere  with  the  determination 
of  riboflavin  if  riboflavin  is  first  adsorbed  on  a  column  of  mixed 
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Tabic  III.  Recovery  of  Riboflavin  from  Hyflo  Super-Cel  and  Celite 
No.  545  Columns 

Riboflavin  Recovered 

Riboflavin  Added  Hyflo  Super-Cel  Celite  No.  545 

Micrograms/  ml.  Micrograms/ ml.  Micrograms/  ml. 


2.8 

5.5 

9.8 

15.0 

19.8 


2.5 

2.9 

5.3 

5.4 

9.3 

9.6 

14.7 

14.8 

19.8 

19.6 

adsorbent  and  siliceous  earth  and  then  eluted,  as  the  pigment  is 
normally  discarded  with  the  first  washings  from  the  adsorption 
column.  Celite  No.  545  is,  however,  preferable  to  Hyflo  Super- 
Cel  in  the  preparation  of  adsorbent  columns  for  chromatographic 
analysis.  Although  riboflavin  does  not  form  adsorption  bands 
on  columns  of  these  siliceous  earths,  a  small  amount  of  riboflavin 
appeal's  to  be  lost  upon  passage  through  these  materials.  This 
amount  is  generally  not  significant  for  Celite  No.  545,  but  may  be 
significant  for  Hyflo  Super-Cel. 

To  determine  the  loss  of  riboflavin  in  Hyflo  Super-Cel  and 
Celite  No.  545,  columns  3.3  cm.  in  diameter  were  filled  to  a 
height  of  12  cm.  with  these  materials.  A  solution  was  made  of 
synthetic  U.S.P.  riboflavin  in  water  containing  5  ml.  of  glacial 
acetic  acid  to  the  liter.  Aliquots  were  taken  of  this  solution  for 
determination  of  the  riboflavin  content  in  a  photoelectric  color¬ 
imeter.  Similar  aliquots  were  poured  on  the  dry  columns,  the  solu¬ 
tions  drawn  through  the  columns  under  suction,  and  the  columns 


washed  free  of  pigment  with  water  containing  acetic  acid.  The 
riboflavin  solutions  were  diluted  to  a  volume  of  100  ml.,  and  the 
riboflavin  content  was  determined  in  the  photoelectric  color¬ 
imeter.  The  results  were  corrected  for  the  interfering  pigment 
which  equaled  1.40  micrograms  per  ml.  of  riboflavin  for  Hyflo 
Super-Cel  and  0.54  microgram  per  ml.  of  riboflavin  for  Celite 
No.  545.  These  results  are  shown  in  Table  III. 


The  concentration  of  riboflavin  that  could  be  definitely  deter¬ 
mined  varied  from  0.1  microgram  per  ml.  for  the  most  dilute 
solution  to  0.3  microgram  per  ml.  for  the  most  concentrated 
solution  tested.  The  loss  of  riboflavin  in  the  Celite  No.  545  col¬ 
umn  is,  therefore,  barely  significant.  An  appreciable  loss  of 
riboflavin  was  experienced  upon  passage  of  the  solutions  through 
the  Hyflo  Super-Cel  columns. 
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Determination  of  Hydrosen  in  Highly  Fluorinated  Carbon  Compounds 

W.  H.  PEARLSON,  T.  J.  BRICE,  and  J.  H.  SIMONS 
School  of  Chemistry  and  Physics,  The  Pennsylvania  State  College,  State  College,  Pa. 


PROCEDURE  for  analyzing  compounds  of  the  type  C„Fm 
for  carbon  and  fluorine  has  been  previously  described  (2). 
A  method  is  described  in  this  paper  for  the  determination  of 
hydrogen  in  similar  highly  fluorinated  carbon  compounds.  The 
method  consists  of  decomposing  the  sample  with  magnesium  in 
an  evacuated  quartz  tube  at  about  700°  C.,  passing  the  residual 
hydrogen  over  hot  copper  oxide,  and  absorbing  the  water  formed 
in  a  weighed  phosphorus  pentoxide  tube. 

Mention  has  been  made  (1)  of  an  experiment  in  which  the 
hydrogen  content  of  fluoroform  was  determined  by  repeatedly 
passing  the  sample  over  heated  sodium  metal  until  it  was  com¬ 
pletely  decomposed  and  then  measuring  the  volume  of  the  residual 
hydrogen.  Attempts  were  made  in  this  work 
to  use  sodium  or  potassium  in  the  decomposi¬ 
tion,  but  the  results  were  erratic  and  consist¬ 
ently  low.  While  the  temperature  in  the  hot¬ 
test  portion  of  the  tube  was  sufficiently  high  to 
decompose  sodium  or  potassium  hydrides,  it  is 
believed  that  combination  of  the  metal  and 
hydrogen  took  place  in  cooler  portions  of  the 
tube.  When  magnesium  was  used  no  difficulties 
of  this  nature  were  encountered. 


The  apparatus,  Figure  1,  consists  essentially 
of  alternate  sample  bulbs,  C  and  D,  a  quartz 
tube,  G,  in  which  the  nickel  boat  containing  the 
magnesium  is  placed,  a  copper  oxide  container, 
J,  the  absorption  tube,  I,  which  contains  phos¬ 
phorus  pentoxide,  and  an  automatic  gas  pump, 
H  (3)  to  recycle  unreacted  hydrogen  and  sample. 
G  is  heated  by  a  two-piece  resistance  furnace 
which  can  be  removed  without  disconnecting  the 
tube.  J  is  wound  with  a  Niehrome  coil  which 
serves  as  a  heating  element. 


Experimental  Procedure.  The  sample,  in  the  case  of  sub¬ 
stances  boiling  below  about  50°  C.,  was  weighed  by  introduction 
into  the  previously  evacuated  and  weighed  bulb,  D.  For  higher 
boiling  substances  the  sample  was  weighed  directly  into  a  small 
glass  cup  which  was  then  placed  in  tube  C;  it  was  necessary  to 
freeze  and  degas  these  samples  before  analysis.  The  samples 
were  of  such  size  that  between  30  and  40  mg.  of  water  would  be 
formed. 

The  nickel  boat,  filled  with  approximately  1  gram  of  mag¬ 
nesium  turnings,  is  introduced  into  the  quartz  tube  and  the  sys¬ 
tem  sealed  and  evacuated.  The  furnace,  previously  heated  to 
650°  to  700°  C.,  is  lowered  and  clamped  about  the  quartz  tube. 
The  copper  oxide  is  heated  to  about  300°  C.  Evacuation  is  con¬ 
tinued  until  no  further  gas  is  given  off  by  the  magnesium.  The 
sample  is  then  admitted  to  the  magnesium  and  the  circulating 
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pump  started.  Pumping  is  continued  until  the  pressure  falls  to 
approximately  3  mm.,  the  lower  operating  limit  of  the  pump. 
By  withdrawal  of  the  mercury  from  the  valves,  the  residual  gas 
trapped  in  the  pump  is  released  to  the  combustion  system. 

When  the  pressure  has  fallen  to  essentially  zero,  dry  air  is  ad¬ 
mitted  through  tube  A  which  contains  phosphorus  pentoxide. 
The  absorber  tube,  I,  is  then  removed,  protecting  ground-glass 
saps  are  placed  over  the  ends,  and  the  tube  is  reweighed.  The 
amount  of  hydrogen  present  in  the  original  sample  can  then  be 
readily  calculated. 

The  procedure  was  checked  by  analysis  of  methyl  fluoride  and 
tank  hydrogen.  Calculated  for  CH3F:  H,  8.89.  Found:  H, 
3.51.  Calculated  for  H2:  0.357  gram  of  H20.  Found:  0.0345, 
3.0336  gram  of  EbO. 

Three  of  the  compounds  analyzed  are  presented  as  examples. 


Hydrogen 

Compound  Calculated  Found 

C3F7H  0.59  0.55 

C3F6H2  1.32  1.29 

CsFeHBr  0.43  0.40 

This  work  was  done  under  the  sponsorship  of  Minnesota  Min¬ 
ing  and  Manufacturing  Company. 
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Electronic  Make  and  Break  For  Relay  Operation 

R.  B.  HARVEY 

Chemical  Warfare  Laboratories,  Ottawa,  Canada 


IN  THE  operation  of  a  constant-temperature  air  bath  where 
mechanical  circulation  was  not  permissible  and  convection 
orovided  the  only  stirring,  the  problem  of  supplying  heat  in 
small  increments  to  prevent  overregulation  of  the  bath  tempera¬ 
ture  was  met.  If  the  heat  source  remained  “on”  continuously, 


Rb 


Ri.  1  meg.  0.5  watt 
R:.  1  meg.  0.5  watt 

20  meg.  0.5  watt 
Rj.  1  meg.  0.5  watt 
2  meg.  0.5  watt 
5  meg.  0.5  watt 
10  meg.  0.5  watt 
20  meg.  0.5  watt 
Ri.  1 000  ohms  5  watts 


Ri.  1  5,000  ohms  2  watts 
Ri.  1 0,000  ohms  2  watts 
Ci.  0,1  mfd.  250  volts 
0.25  mid.  250  volts 
1 .0  mfd.  250  volts 
4  mfd.  250  volts 
These  are  paper  condensers. 

C2.  8-mfd.  250-volt  dry  electrolytic 
condenser 


enough  heat  to  raise  the  bath  some  2°  or  3°  had  been  supplied  by 
the  time  the  thermoregulator  responded  to  the  temperature  in¬ 
crease.  By  the  make  and  break  arrangement  heat  was  supplied 
for  3  to  4  seconds  only  of  each  30  seconds,  to  allow  dissipation 
by  convection,  and  regulation  to  =*=0.2°  was  obtained. 

The  first  device  employed  to  effect  this  was  a  clock  with  a  sweep 
second  hand  brushing  over  a  metallic  strip,  so  that  an  electrical 
contact  was  maintained  for  3  to  4  seconds  in  each  30  seconds.  A 
very  reliable  apparatus  is  described  by  Booth  and  Martin  ( 1 ). 
Itwasthought  that  these  mechanical  devices  might  be  simplified  by 
the  use  of  an  adaptation  of  the  relaxation  oscillator.  However, 
the  necessity  for  the  auxiliary  power  supply  equipment  was  un¬ 
desirable  and  a  modification  of  the  Serfass  regulator  (3),  employ¬ 
ing  one  electron  tube  and  a  few  resistors  and  condensers,  was 
chosen  as  the  simplest  solution.  The  principle  of  a  pickup  and 
dropout  action  has  been  described  by  Henney  (3). 

The  basic  circuit  is  that  of  Serfass,  modified  by  a  condenser  to 
introduce  time  delay  into  the  rise-  and  fall  of  the  grid  voltage, 
with  a  mechanical  device  for  opening  and  closing  the 
grid  circuit.  This  latter  was  accomplished  by  using  a  double¬ 
pole  double-throw  relay  switch,  one  pole  of  which  acted  as  a  make 
and  break  in  the  grid  circuit,  S,  and  the  other  pole  as  an  off-on 
switch  for  outside  auxiliary  apparatus,  E.  Switch  S,  appearing 
in  the  grid  circuit  of  Figures  1  and  3,  and  switch  E  of  Figure  1, 
are  the  two  halves  of  the  double-pole  double-throw  relay  contacts. 
Current  in  the  relay  coil  activates  switches  E  and  S  simulta¬ 
neously. 

Figure  3  is  a  simplified  version  of  the  grid  circuit.  Electrons 
flow  up  through  Rt  to  the  cathode  of  the  tube.  Voltage  is  main¬ 
tained  across  resistance  Ri  by  the  by-pass  resistor,  Ri.  If 
section  S  of  the  double-pole  double-throw  switch  is  in  position  B 
electrons  will  flow  through  R:,  to  charge  condenser  C j.  Initially 
S  is  in  position  A,  and  the  grid  is,  in  effect,  short-circuited  to 
cathode  by  R\  and  Ri.  Current  flows  in  the  tube  and  causes  the 
relay  to  close,  switching  <S  from  A  to  B  positions.  Electrons 
flow  through  R3,  charging  C i  so  that  the  grid  side  becomes  nega¬ 
tive.  As  Ci  charges  the  plate  current  of  the  tube  decreases,  and 
when  it  has  reached  a  value  too  weak  to  hold  the  relay  closed,  <S 
is  switched  from  B  to  A.  The  time  delay  before  the  relay  opens 
is  controlled  by  the  capacity  of  Ci  and  the  value  of  resistor  R%. 

Ci  can  now  discharge  through  Ri  and  does  so  at  a  rate  con¬ 
trolled  by  the  condenser  capacity  and  the  resistance  of  Ri.  As 
Ci  discharges,  the  grid  potential  approaches  that  of  the  cathode 
and  the  plate  current  rises.  At  a  value  of  plate  current  sufficient 
to  close  the  relay,  S  is  switched  from  A  to  B  again  and  the  cycle 
repeats.  The  time  of  charge  and  discharge  is  regulated  by  con¬ 
denser  Ci.  The  ratio  of  off  to  on  periods  can  be  varied  by  chang¬ 
ing  the  ratio  of  the  values  of  R3  and  Ri. 

When  Ri  and  R3  are  equal  the  relay  will  be  open  and  closed 
roughly  for  equal  periods  of  time.  If  R3  is  greater  than  Rt  the 
time  for  charge  of  Ci  will  be  greater  than  for  discharge  and  the 
relay  contacts  will  be  closed  for  a  longer  period  than  they  are 
open.  If  the  power  fails  the  contacts  open.  When  Ri  is  greater 
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than  R 3  the  relay  contacts  are  open  for  a  longer  time  than  they 
are  closed.  In  order  to  vary  the  off-on  ratio,  a  number  of  re¬ 
sistors  from  1  to  20  megohms  on  a  multiple  contact  switch  were 
substituted  for  R3.  In  order  that  the  period  of  time  for  which  the 
contacts  were  closed  might  be  either  greater  or  less  than  the  time 
period  they  were  open,  a  single-pole  double-throw  switch  was 
used  for  R2  with  two  resistors  of  1  and  20  megohms.  Changing 
from  one  resistor  to  the  other  in  R?  inverts  the  open-closed  time 
ratio. 

The  complete  circuit  is  shown  in  Figure  1,  and  the  tube  base 
(117L7/M7  GT)  is  shown  in  Figure  2.  The  relay  is  a  double-pole 
double-throw  Guardian  (Guardian  Series  5,  D.C.  coil  7.5  ma.,  800 
ohms).  A  10,000-ohm  resistor,  I?«,  was  put  in  the  plate  circuit  to 
reduce  the  plate  current  to  fit  the  relay.  This  resistor  should  be 
adjusted  to  the  relay  coil  used.  The  tension  of  the  relay  spring 
had  to  be  increased  to  get  reliable  operation  on  the  pullout 
action.  The  pullout  action  may  manifest  a  certain  vibration  or 
chattering  due  to  the  half-wave  rectification  of  the  vacuum 


tube,  but  this  has  not  affected  the  operation  of  the  device.  The 
rapidity  of  the  cycles  is  governed  only  by  the  response  of  the  relay. 

This  apparatus  has  been  in  operation  for  some  months  and  has 
functioned  quite  satisfactorily.  The  device  may  also  be  used  for 
operation  of  an  enclosed  magnetic  stirrer  where  the  cycle  or  rate 
of  stirring  might  be  varied  over  wide  limits,  or  any  apparatus 
where  electrical  impulses  are  required  periodically. 
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Automatic  Cutoff  for  Electrically  Heated  Water  Still 

LAWRENCE  M.  WHITE  and  GERALDINE  E.  SECOR 
Western  Regional  Research  Laboratory.,  U.  S. 


AN  ELECTRICALLY"  heated  glass  water  still  equipped  with 
the  constant-level  device  described  by  Holmes  (I)  has  been 
installed  in  this  laboratory  to  furnish  redistilled  water  for  micro¬ 
chemical  and  other  analytical  work.  The  still  is  entirely  auto¬ 
matic  and  requires  no  attention  except  for  periodic  removal  of 
sediment  in  the,  still  pot  and  refilling  of  the  water  reservoir. 
Since  it  is  frequently  desirable  to  allow  the  still  to  run  without 
attention,  a  means  has  been  devised  for  automatically  shutting 
off  the  heater  when  the  reservoir  is  empty,  to  prevent  breakage 
of  the  distillation  flask.  This  device  is  simply  constructed  and 
positive  in  action. 

A  f  14/20  outer  joint  was  sealed  onto  the  Standpipe  about  60 
mm.  above  the  constriction  (7  mm.  in  inside  diameter)  as  shown 
in  Figure  1.  A  mercury  thermoregulator  was  sealed  through  a 
’f'  14/20  inner  joint,  so  that  its  bulb  extended  as  nearly  as  prac¬ 
tical  across  the  standpipe.  The  thermoregulator  was  made  from 
6-mm.  capillary  tubing  having  a  bore  of  approximately  0.5  mm. 
An  expansion  chamber  equivalent  to  at  least  25°  C.  must  be 
left  at  the  top  of  the  regulator. 

Equally  good  results  were  obtained  with  an  11-mm.  glass  side 
tube  on  the  standpipe  in  place  of  the f  14/20  outer  joint,  and  with 
a  regulator,  also  without  f  joint,  held  in  place  by  a  short  sleeve 
of  rubber  tubing.  Small  thermoregulators,  both  fixed-  and  vari¬ 
able-setting,  are  commercially  available  in  the  right-angle  style. 

The  circuit  (Figure  2)  consists  essentially  of  a  two-pole  nor¬ 
mally  open  relay,  R;  one  pole 
and  the  holding  coil  are  in  series 
with  the  mercury  thermoregu¬ 
lator,  T,  in  the  secondary  cir¬ 
cuit  of  transformer  TR,  and  the 
other  pole  is  in  series  with  the 
line  switch,  Si.  S2  is  used  to 
by-pass  the  thermoregulator 
until  the  water  in  the  standpipe 
is  warm  enough  to  close  the 
thermoregulator  contacts  and 
also  to  operate  the  pilot  lights, 

Pi  and  P-2,  which  indicate 
whether  or  not  the  heater,  H , 
is  under  the  control  of  the  ther¬ 
moregulator.  S3,  a  momentary 
contact  switch,  serves  as  a  reset 
for  the  relay;  one  pole  com¬ 
pletes  the  115-volt  circuit  and 
the  other  completes  the  second¬ 
ary  circuit.  Capacitors  C i  and 
C2  are  placed  across  the  mer¬ 
cury  thermoregulator  and  the 
relay  contacts  to  reduce  spark¬ 
ing  when  contact  is  made  or 
broken. 

The  air  above  the  liquid  in  the 
standpipe  is  much  cooler  than 
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Figure  2.  Automatic  Cutoff  Circuit 

51.  Line  switch,  SPST  toggle  switch,  3  amperes  at  250  volts 

5 2.  By-pass  switch,  DPDT  toggle  switch,  1  ampere  at  250  volts 

53.  Reset  switch,  DPST,  momentary  contact  switch,  normally  open, 

1 2  amperes  at  1 25  volts 

R.  Relay,  DPST,  normally  open,  6-volts,  60  cycles,  8  amperes  at 
110  volts.  Potter  and  Brumfield  type  MR  A-4 
TR.  Transformer,  signal,  4  volts,  United  Transformer  Co.  Type  SC-3 
T.  Mercury  thermoregulator 
Pi,  Pi.  Pilot  lights,  6  to  8  volts,  Mazda  No.  46 
H .  Heater,  550  watts,  Precision  Scientific  Co.  Type  H 
Ci,  C2.  Capacitors,  0.1  -mfd.,  Cornell-Dubilier  Type  DT-4P1 

the  liquid.  This  difference  in  temperature  as  the  liquid  level 
drops  below  the  thermoregulator  bulb  serves  to  open  the  regula¬ 
tor  contacts  arid  turn  off  the  heater.  The  proper  operating  tem¬ 
perature  for  the  thermoregulator  can  be  easily  determined  by 
substituting  a  thermometer  for  the  thermoregulator  in  the  stand¬ 
pipe  and  observing  the  temperature  as  distillation  progresses. 
In  the  unit  now  in  use  the  regulator  is  set  to  open  at  50°  C.  This 
temperature  is,  however,  somewhat  dependent  on  the  size  and 
shape  of  the  constriction  and  on  the  rate  of  distillation. 

The  same  regulator  setting  has  been  used  satisfactorily  with 
reservoirs  having  capacities  of  1,  10,  and  20  liters.  The  bottom 
of  the  reservoir  should  not  be  lower  than  the  constriction  in  the 
standpipe.  The  Reservoir  is  then  completely  empty  when  the 
heater  is  turned  off. 

To  operate  the  still,  line  switch  Si  is  closed,  by-pass  switch  S2 
is  thrown  to  position  1,  and  reset  switch  S3  is  closed  momentarily. 
The  heater  is  now  on  and  pilot  light  P i  burns  to  serve  as  a  warn- 
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ing  that  the  heater  is  not  under  the  control  of  the  regulator. 
After  the  water  has  warmed  sufficiently  to  close  the  regulator 
contacts  (20  to  30  minutes  with  the  unit  now  in  use),  the  by-pass 
switch  is  thrown  to  position  2  and  S3  is  closed  momentarily. 
Pilot  light  Pi  now  burns  to  show  that  the  heater  is  controlled  by 
the  regulator.  The  temperature  drop  due  to  the  change  from 
liquid  to  gas  phase  at  the  thermoregulator  bulb  as  the  reservoir 
empties  causes  the  regulator  contacts  to  open.  This  break  in 
the  secondary  circuit  immediately  opens  the  relay  and  shuts  off 
the  heater  and  primary  coil  of  the  transformer;  thus,  continued 
arcing  at  the  regulator  points  and  relay  chatter,  which  are  com¬ 
mon  when  alternating  current  is  used  with  mercury  regulators, 
are  eliminated.  It  is  not  possible  to  turn  the  heater  on  again  un¬ 
til  the  relay  is  reset,  either  manually  or  electrically. 

The  control  system  can  be  somewhat  simplified  as  follows: 

The  primary  coil  of  the  transformer  can  be  wired  directly  to 
the  line  switch,  Sh  instead  of  to  the  relay  as  shown  in  Figure  2. 
(The  heater  must,  of  course,  remain  wired  to  the  relay  as  shown 
in  Figure  2.)  The  primary  coil  of  the  transformer  is  then  ener¬ 
gized  whenever  Si  is  closed.  S3  can  then  be  replaced  by  a  door¬ 
bell-type  push  button  in  parallel  with  the  secondary  pole  of  the 
relay.  Signal  transformers  are  designed  for  continuous  duty  and 


it  does  no  harm  if  the  primary  of  the  transformer  remains  ener¬ 
gized  after  the  heater  is  turned  off. 

S2  can  be#  shorting  switch  (“make  before  break”)  instead  of  one 
of  the  common  toggle  type.  Such  a  switch  would  eliminate  the 
necessity  for  resetting  the  relay  after  changing  the  position  of  Si. 

The  signal  lights  can  be  eliminated.  The  thermoregulator  is 
then  connected  directly  to  the  coil  of  the  relay  and  a  single-pole 
single-throw  toggle  switch  is  placed  in  parallel  with  the  thermo- 
regulator.  The  switch  is  “on”  during  the  preliminary  warm-up 
and  “off”  after  contact  is  made  at  the  thermoregulator. 

The  entire  cost  of  materials  listed  under  Figure  2,  exclusive 
of  the  thermoregulator  and  the  heater,  is  about  $9.  These  makes, 
types,  and  capacities  were  used  because  tfiey  were  immediately 
available.  Other  materials  of  similar  characteristics  could  have 
been  used. 

This  device  should  find  use  in  other  applications  where  change 
in  level  of  a  liquid  results  in  lowered  temperature. 

LITERATURE  CITED 

(1)  Holmes,  F.  E.,  Ind.  Eng.. Chem.,  Anal.  Ed.,  12,  483  (1940). 


A  Reaction  of  Lead  Soaps  with  Sodium  Iodide 

ROBERT  S.  BARNETT,  The  Texas  Company,  Beacon,  N.  Y. 


PREVIOUS  investigators  (1,  1+-7)  have  shown  that  reactions 
of  the  double-decomposition  type  can  take  place  in  insulating 
solvents  such  as  dry  benzene  between  heavy  metal  soaps  and  dry 
hydrogen  chloride  or  metallic  chlorides,  such  as  stannic  chloride, 
which  are  also  soluble  in  benzene. 

The  present  communication  summarizes  preliminary  work 
which  has  been  done  to  apply  a  reaction  of  lead  soap  with  sodium 
iodide  to  the  development  of  a  suitable  method  for  determining 
free  organic  acids  in  lead  soaps.  The  essence  of  an  analytical 
method  is  presented,  and  semiquantitative  data,  obtained  on 
lead  soaps  made  from  organic  acids  of  differing  molecular  weights, 
are  given. 

In  attempting  to  develop  a  method  for  the  determination  of 
free  organic  acids  in  lead  soap  it  was  found  that  the  addition  of  an 
afcetone  solution  of  sodium  iodide  to  an  acetone-benzene  solution 
of  lead  soap  apparently  causes  a  double-decomposition  reaction 
as  follows: 

Lead  soap  +  Xal - >  a  lead  iodide  +  sodium  soap 

The  mixture  turns  a  bright  greenish  yellow  upon  addition  of 
the  sodium  iodide  solution  and  floes  of  soapy-looking  material 
separate  out  when  the  solvents  are  evaporated  to  dryness.  The 
residue  after  evaporation  is  bright  yellow,  and  gives  an  opales¬ 
cent,  frothy,  soapy  extract  with  water,  which  is  alkaline  to 
phenolphtkalein  and  gives  a  curdy  precipitate  with  barium 
chloride  solution  (3).  No  lead  was  found  in  the  benzene  extracts 
from  five  dried  residues  extracted  individually.  This  indicates 
that  all  the  benzene-soluble  lead  soap  had  been  converted  to  a 
benzene-insoluble  lead  iodide,  possibly  a  basic  iodide. 

Both  commercial  lead  oleate  and  lead  naphthenates  have  been 
treated  in  solution  with  sodium  iodide  with  the  same  general  re¬ 
sults,  the  sodium  oleate  formed  separating  out  more  quickly  upon 
solvent  evaporation  than  the  sodium  naphthenate — i.e.,  seeming 
to  be  more  insoluble  in  these  solvents,  as  would  be  expected. 

Warm  95%  acetone  (5%  water)  is  an  excellent  solvent  for  ex¬ 
tracting  organic  acids,  including  oxidized  fatty  acids,  from  lead 
soap  or  lead  soap  lubricants.  However,  a  small  amount  of  lead 
soap  is  dissolved  concurrently,  which  invalidates  the  usual  titra¬ 
tion  for  free  organic  acids  of  the  combined  acetone  extracts,  be¬ 
cause  the  heavy  metal  soap  is  titrated  as  free  acidity  (2). 

Some  work  has  been  done  in  using  the  foregoing  lead  soap- 
sodium  iodide  reaction  to  transform  such  dissolved  lead  soap  in 
combined  acetone  extracts  to  sodium  soap  and  a  lead  iodide.  By 
extracting  the  dried  residue  left  after  evaporation  of  the  acetone 


with  hot  benzene  it  is  possible  to  isolate  the  free  organic  acids  (to¬ 
gether  with  a  small  amount  of  sodium  soap),  leaving  behind  the 
lead  iodide,  excess  sodium  iodide,  and  most  of  the  sodium  soap. 
The  extracted  material  taken  up  in  alcohol  can  then  be  titrated 
for  free  organic  acids  in  the  usual  manner,  as  the  sodium  soap  pres¬ 
ent  does  not  interfere. 

Semiquantitative  results  for  free  acids  on  lead  naphthenates 
made  from  naphthenic  acids  of  different  molecular  weights,  using 
the  above  technique,  indicate  a  much  higher  free  acid  content  for 
the  soap  made  from  high  molecular  weight  acids,  the  following 
comparative  figures  being  obtained: 

%  Organically  %  Free  Fatty 


Lead  Soap 

Combined  Pb 

Acids  as  Oleic 

From  176  saponification  value 

acids 

(318 

10 

calculated  molecular  weight) 

18.5 

From  282  saponification  value 

acids 

(199 

calculated  molecular  weight) 

11.3 

3 

The  greater  reactivity  of  the  lower  molecular  weight  acids  with 
lead  may  account  for  the  lower  free  acidity  in  this  soap. 

Indications  have  also  been  obtained  that  sodium  iodide  in 
acetone  solution  does  not  react  with  lead  oxide  (which  may  be 
present  in  lead  soaps)  to  give  free  caustic  alkali,  which  would,  of 
course,  invalidate  the  determination  of  free  acidity.  However, 
this  reaction  does  occur  when  lead  oxide  is  heated  with  aqueous 
sodium  iodide  solution. 

It  is  proposed  for  the  future  to  ascertain  by  analysis  whether 
the  lead  iodide  compound  formed  is  a  basic  salt  or  the  normal  di¬ 
iodide,  and  thus  gain  some  idea  of  the  structure  of  the  dissolved 
lead  soap.  It  is  also  proposed  to  complete  work  on  the  analysis 
of  lead  soaps  containing  weighed  additions  of  free  organic  acids, 
using  the  technique  described  above,  in  order  to  define  the 
accuracy  and  reproducibility  of  this  method  as  a  means  of  deter¬ 
mining  free  organic  acids  in  lead  soaps. 

LITERATURE  CITED 

(1)  Allen,  H.  C.,  “Instantaneous  Chemical  Reactions  in  Benzene  and 

Toluene”,  Kansas  Univ.  Sci.  Bulletin,  1905. 

(2)  Am.  Soc.  Testing  Materials,  Committee  D-2,  p.  187,  Section  20 

(b),  Methods  of  Analysis  of  Grease  (D128-40),  A.S.T.M. 
Standards  on  Petroleum  Products  and  Lubricants  (September, 
1945). 

(3)  Barnett,  R.  S-,  Ind.  Eng.  Chem.,  Anal.  Ed.,  7,  183  (1935). 

(4)  Cady,  H.  P.,  and  Baldwin,  E.  J.,  J.  Am.  Chem.  Soc.,  43,  646 

(1921). 

(5)  Cady,  H.  P.,  and  Lichtenwalter,  H.  O.,  Ibid.,  35,  1434  (1913). 

(6)  Kahlenberg  et  al.,  J.  Phys.  Chem.,  6,  1  (1902). 

(7)  Koenig,  A.  E.,  .7.  Am.  Chem.  Soc.,  36,  951  (1914). 


New  Standard  for  Use  in  Ultimate  Analysis  of  Organic  Compounds 

Especially  Suited  for  Microprocedures 


C.  L.  OGG  and  C.  O.  WILLITS 
Eastern  Regional  Research  Laboratory,  Philadelphia  1  8,  Pa. 


FOR  the  past  three  years  <S-benzylthiuronium  chloride 
(benzyl-isothiourea  hydrochloride,  listed  by  Eastman 
Kodak  Company  in  Catalog  34  of  Organic  Chemicals)  has  been 
used  in  this  laboratory  as  a  standard  material  in  the  ultimate 
analysis  of  organic  compounds.  It  more  nearly  fulfills  the  cri¬ 
teria  established  by  Hillebrand  (2)  for  judging  the  fitness  of  ma¬ 
terial  used  as  a  standard  to  check  on  analytical  procedures  than 
most  of  the  standards  in  common  use. 

Since  S-benzylthiuronium  chloride  contains  the  five  elements 
most  commonly  encountered  in  organic  analysis — namely,  car¬ 
bon,  hydrogen,  nitrogen,  chlorine,  and  sulfur — and  since  it  also 
contains  a  benzene  ring,  a  thio  ether  linkage,  amine  and  imine 
groups,  and  an  ionizable  chlorine  atom,  it  is  suitable  for  checking 
the  methods  of  analysis  of  any  or  all  of  the  five  elements  in  a  wide 
variety  of  compounds.  Its  use  as  a  standard  for  carbon  and  hy¬ 
drogen  not  only  serves  to  prove  that  combustion  is  complete  but 
also  shows  the  effectiveness  of  the  removal  of  the  acid-forming 
gases  of  the  three  elements  most  likely  to  interfere  with  this 
determination. 

The  synthesis  and  recrystallization  of  the  pure  compound 
( 1 )  require  no  unusual  apparatus  or  techniques  and  its  purity  is 
readily  established  by  confirming  analyses  for  any  two  or  more 
of  the  five  elements.  After  drying  at  110  °  C.,  no  precautions  are 
required  for  its  storage,  since  under  ordinary  conditions  it  is  stable 
and  nonhygroscopic. 


Table  I.  Analysis  of  S-Benzylthiuronium  Chloride 

Percentage  Composition 

Element  Methods  Found  (Range)  Theory 

Carbon  Dry  combustion  47.22-47.55  47.40 

Hydrogen  Dry  combustion  •  5 . 36-  5.53  5.47 

Sulfur  Catalytic  combustion  and  per- 

oxidebomb  15.71-15.89  15.82 

Chlorine  Catalytic  combustion  17.41-17.59  17.49 

Nitrogen  Dumas  and  Kjeldahl  13.68-13.88  13.82 


The  standard  has  been  analyzed  repeatedly  for  the  different 
elements  by  the  following  procedures:  dry  combustion  carbon 
and  hydrogen,  catalytic  combustion  and  peroxide  bomb*  sulfur, 
catalytic  combustion  chlorine,  and  Dumas  and  Kjeldahl  nitrogen. 
Representative  analytical  data  obtained  on  the  compound  are 
shown  in  Table  I. 
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Determination  of  Sulfur  in  Sulfur  Compounds  with 
Benzidine  Hydrochloride 

WESLEY  S.  PLAINER 

Water  Quality  Laboratories,  U.  S.  Fish  and  Wildlife  Service,  University  of  Missouri,  Columbia,  Mo. 


IN  ORDER  to  determine  total  sulfur  by  the  benzidine  method 
in  waters  containing  bisulfites,  sulfites,  hyposulfites,  and 
thiosulfates,  it  was  necessary  to  oxidize  these  compounds  to 
simple  sulfates  previous  to  adding  the  benzidine  hydrochloride 
reagent. 

Oxidizing  agents  such  as  alkaline  potassium  permanganate 
(15),  the  Parr  oxygen  bomb  ( 1 ,  19),  or  some  of  the  strong  oxidiz¬ 
ing  methods  developed  for  blood,  plasma,  or  urine  (2,  7,  10,  14, 
21)  were  found  too  lengthy  and  cumbersome  to  be  practical  for 
determinations  of  water  samples  on  a  large  scale,  especially 
under  field  conditions. 

Since  the  publication  of  the  benzidine  method  (12)  and  its  sub¬ 
sequent  modification  (6,  9,  17),  many  variations  of  the  method 
have  appeared,  both  colorimetric  (4,  8,  20,  22)  and  titrimetric 
(3,  5,  11,  13,  16,  18).  In  the  present  application  to  total  sulfur 
determination,  recently  published  data  for  quantitative  pre¬ 
cipitation  of  benzidine  sulfate  have  been  incorporated.  The 
volumes,  concentrations,  and  time  allowed  for  precipitation  have 
been  found  necessary  under  the  conditions  of  this  method. 

The  Method.  Oxidation  of  the  sulfur  compounds  with  30% 
hydrogen  peroxide  (Merck’s  Superoxol)  was  found  most  satisfac¬ 
tory,  with  no  detectable  interference  with  the  benzidine  method. 


Into  an  evaporating  dish  containing  a  sample  of  water  carry¬ 
ing  between  3  and  20  mg.  of  sulfur,  put  2  drops  of  1%  alcoholic 
phenolphthalein,  add  dilute  hydrochloric  acid  if  alkaline  or  so¬ 
dium  hydroxide  if  acid  until  the  turning  point  of  the  indicator, 
then  make  the  sample  definitely  alkaline  with  sodium  hydroxide. 
Evaporate  to  about  5  ml.,  add  30%  hydrogen  peroxide,  a  drop 
at  a  time,  and  allow  to  simmer.  After  a  few  minutes,  repeat 
addition  of  the  peroxide  until  the  solution  becomes  colorless  or 
foaming  ceases.  Throughout  this  period  maintain  the  volume  of 
approximately  5  ml.  by  addition  of  distilled  water. 

Add  50  ml.  of  distilled  water,  heat  the  sample  to  50°  to  60°  C., 
and  add  10  ml.  of  benzidine  reagent  (11.2  grams  of  benzidine 
hydrochloride  reagent  grade,  Eastman,  and  11.6  ml.  of  concen¬ 
trated  hydrochloric  acid,  made  up  to  500  ml.).  After  a  few 
minutes  add  5  ml.  of  99.5%  acetone  and  let  stand  until  cooled 
to  room  temperature.  Filter  through  sulfate-free  filter  paper. 
Wash  the  evaporating  dish  twice  with  5  ml.  of  50%  acetone  and 
pour  over  the  precipitate.  After  complete  drainage,  further  wash 
the  precipitate  twice  with  3  ml.  of  99.5%  acetone  and  let  drain 
but  do  not  allow  to  dry.  Remove  filter  paper  and  wash  the  pre¬ 
cipitate  from  the  filter  paper  into  the  evaporating  dish  in  w'hich 
the  precipitation  took  place.  Heat  to  boiling  and  add  3  drops 
of  1%  alcoholic  phenolphthalein.  With  a  microburet,  titrate 
while  hot  with  0.01  N  sodium  hydroxide  until  near  the  end  point, 
then  boil  again,  and  continue  titration  to  first  permanent  pink 
color.  Determine  a  blank  on  the  reagents  used. 
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DISCUSSION 

•  •  •  •  1  •'  ‘  * 

Recoveries  of  known  quantities  of  sulfur  in  various  forms  by 
this  method  are  compared  with  unoxidized  recoveries  in  Table  I. 
The  accuracy  has  been  found  to  be  ±0.2  mg.  if  the  amount  of  sul¬ 
fur  present  in  the  sample  is  between  3  and  20  mg. 

Compounds  such  as  p-aminodimet hylaniline  sulfate,  potassium 
ialuminum  sulfate,  and  hydrazine  sulfate  have  been  tried  with 
(similar  success.  Mixtures  of  organic  and  inorganic  sulfur  com¬ 
pounds  as  found  in  paper-mill  wastes  lend  themselves  well  to  this 
method,  providing  all  the  material  in  suspension  is  first  filtered 
out. 

The  sulfur  content  of  pyrite  waters  from  coal-mining  opera¬ 
tions  can  be  determined  as  simple  sulfate,  with  the  reservation 
that  ir-on  in  excess  of  2  p.p.m.  be  removed  from  solution  by  pre¬ 
cipitation.  The  iron,  if  not  removed,  oxidizes  from  ferrous  to 
ferric  and  results  in  a  fine  dark  precipitate,  the  presence  of  which 
alters  the  sulfate  values. 
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Table  I.  Determination  of  Sulfur  in  Solutions  Containing  Known 
Amounts  of  Sulfur  Compounds 


Recovery  before  Oxidation  Recovery  after  Oxidation 

with  Superoxol  with  Superoxol 

Deter-  Differ-  Deter-  Differ- 


Compound 

mined 

Theory 

enee 

mined 

Theory 

ence 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

Na2S03 

2.62 

10.16 

-7.54 

9.96 

10.16 

-0.20 

NaHSOs 

0.96 

9.12 

-8.16 

9.24 

9.12 

4-0.12 

Na2S203.5H20 

0.21 

10.32 

-10.11 

10. 15 

10  32 

-0.17 

Na2S204 . 2H20 

1.47 

12.17 

-10.70 
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12.17 

4-0.12 

Na2S208 

10.01 
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-0.75 
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10.76 

-0. 19 
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Separation  of  2,4-Dinitrophenylhydrazones  by 

Adsorption 

1 

I 


JOHN  D.  ROBERTS1  and  CHARLOTTE  GREEN 


Department  of  Chemistry,  University  of  California 
Los  Angeles,  Calif. 


Chromatosrapliic 


N  DETERMINING  the  structure  of  a  number  of  uusaturated 
compounds  by  ozonization,  considerable  difficulty  has  been 
jxperienced  in  separating  small  amounts  of  low  molecular  weight 
carbonyl  compounds.  The  most  satisfactory  method  of  isolation 
is  through  the  2,4-dinitrophenylhydrazones,  as  these  are  readily 
formed  and  are  insoluble  in  water,  but  in  many  cases  separation 
A  the  derivatives  by  fractional  crystallization  is  unsatisfactory. 

Separations  of  a  number  of  2,4-dinitrophenylhydrazones  by 
■hromatographic  adsorption  have  been  reported  by  Strain  (4), 
by  Lucas,  Prater  and  Morris  (2),  and  by  Buchman,  Schlatter, 
md  Reims  (I),  but  only  a  few  of  the  aliphatic  derivatives  have 
oeen  investigated.  In  the  present  work,  the  adsorption  of  2,4- 
linitrophenylhydrazine  and  the  2,4-dinitrophenylhydrazones  of 
acetaldehyde,  propionaldehyde,  acetone,  and  methyl  ethyl 
<etone  was  studied  on  columns  of  silicic  acid-Super  Cel. 

Procedure.  The  dinitrophenylhydrazones  ( 3 )  were  ad¬ 
sorbed  from  solutions  in  1  to  2  benzene-ligroin  (60°  to  90°). 
The  adsorbent  was  Merck’s  silicic  acid  (reagent  grade)  mixed 
■vith  Super  Cel  in  a  2  to  1  ratio  by  weight  to  increase  the  rate  of 
flow  of  solvents  through  the  column.  The  most  satisfactory 
solvent  for  development  of  the  chromatograms  was  ligroin  (60° 


1  1  Present  address,  Converse  Memorial  Laboratory,  Harvard  University, 
’ambridge  38,  Mass. 


to  90°)  containing  4%  ether  by  volume.  Mixtures  of  benzene 
and  ligroin  gave  more  diffuse  bands.  After  the  column  was  ex¬ 
truded  and  sectioned,  the  derivatives-  were  eluted  with  ether  and 
crystallized  from  ethanol. 

In  a  typical  experiment  a  mixture  of  about  5  mg.  each  of  ace¬ 
tone  and  methyl  ethyl  ketone  2,4-dinitrophenylhydrazones  was 
chromatographed  on  a  3.4  X  17  cm.  column.  After  develop¬ 
ment  the  column  consisted  of  the  following  bands:  4  cm.  color¬ 
less,  4  cm.  yellow,  2.5  cm.  colorless,  and  3.5  cm.  yellow.  The 
upper  zone  yielded  the  acetone  derivative,  m.p.  122-124.5°  C. 
The  lower  band  gave  the  methyl  ethvl  ketone  derivative,  m.p. 
115°  C. 

The  2,4-dinitrophenylhydrazones  were  found  to  be  adsorbed 
in  the  order:  acetaldehyde,  acetone,  propionaldehyde,  and 
methyl  ethyl  ketone.  Each  of  these  derivatives  could  be  sepa¬ 
rated  from  mixtures  with  the  others  and  2,4-dinitrophenylhy- 
drazine  (strongly  adsorbed)  except  for  the  hydrazofie  of  acetone, 
which  could  not  be  separated  from  that  of  propionaldehyde. 
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Arrangement  for  Multiple  pH  Determinations 

MAX  D.  REEVES,  Northern  Regional  Research  Laboratory,  Peoria,  III. 


IN  AN  attempt  to  minimize  the  work  required  in  making  several 
hundred  pH  determinations  a  day,  an  arrangement  has  been 
worked  out  which  facilitates  this  routine  task  to  a  marked  degree. 

The  table  in  the  assembly  (Figure  1)  is  of  desk  height,  in  order 
to  permit  the  operator  to  be  seated  while  making  the  pH  deter¬ 
minations.  Figure  2  shows  the  construction  and  dimensions 
(in  inches)  of  the  table.  For  easier  reading,  the  pH  meter  is  set 
on  a  shelf  at  an  angle  of  15  °  to  the  table  top. 

The  electrodes  used  were  the  No.  270  calomel  electrode  and 
No.  290  glass  electrode  as  supplied  with  a  Beckman  Laboratory 


Figure  1.  Assembly  for  pH  Determinations 


Model  G  pH  meter.  The  leads  on  both  the  glass  and  calomel 
electrodes  have  been  extended,  so  that  they  can  be  used  at  a 
distance  from  the  meter  case.  The  lead  to  the  glass  electrode 
must  be  shielded  and  the  shield  grounded  to  the  case  of  the  me¬ 
ter. 

The  design  of  the  electrode  cup  is  shown  in  Figure  3.  The 
purpose  of  the  paraffin  around  the  electrodes  is  to  fill  up  the  space 
between  the  electrodes  and  the  cup  wall,  in  order  that  less  solu¬ 
tion  (only  2  ml.)  will  be  required  for  the  measurement  and  its 
subsequent  removal  facilitated.  The  hot  paraffin  is  put  in  place 
with  an  eye  dropper,  the  first  arm  being  allowed  to  cool  before 
the  other  is  filled. 

Figure  4  shows  the  details  of  the  electrode  cup  assembly. 
Depressing  the  lever  at  the  right  causes  the  samp'e  in  the  cup  to 
be  drawn  by  vacuum  into  the  waste  flask  situated  on  the  shelf 
at  the  back  of  the  table  (Figure  1).  When  the  left  lever  is  de¬ 
pressed,  a  jet  of  distilled  water  flows  into  the  electrode  cup.  The 
washings  are  removed  by  depressing  the  right  lever  again.  The 
copper  pan  is  provided  with  a  drain  to  permit  easy  washing  and 
should  be  grounded  electrically.  When  not  in  use  the  electrode 
cup  is  filled  with  water  and  covered  with  a  small  glass  cap. 

An  indication  of  the  accuracy  of  the  equipment  described  is 
presented  in  Table  I.  Glycine-hydrochloric  acid  and  boric  acid- 
potassium  chloride-sodium  hydroxide  buffer  solutions  were 
prepared  (7).  The  pH  of  each  of  these  solutions  was  first  deter¬ 
mined  bjr  the  conventional  procedure  and  then  by  use  of  the 
equipment  described.  These  latter  determinations  were  made 
m  the  order  shown  and  as  rapidly  as  possible.  The  number  of 
rinses  between  determinations  is  indicated  in  the  table. 

Before  each  series  of  determinations  the  pH  meter  was  stand¬ 
ardized  against  0.05  4/  potassium  acid  phthalate  buffer  solution 
(pH  4.00)  and  a  standard  buffer  of  pH  7.00  obtained  from  the 
National  Technical  Laboratories. 

It  is  apparent  from  the  values  shown  that  the  results  obtained 
can  be  as  accurate  as  the  reading  of  the  meter  will  allow.  With 
but  a  single  distilled  water  rinse  between  samples  of  widely 
differing  pH,  the  largest  difference  noted  was  0.05  pH,  which  is 
acceptable  for  most  work. 


Figure  2.  Table 
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Table  I.  pH  at  25°  C. 


Determined  by  Present  Method 


Buffer 

Solu¬ 

tion 

No. 

Given 

Determined  by 
Conventional 
Method 

One  water  rinse 
before  each 
determination 

Three  water  rinses 
and  three  rinses  with 
sample  before  each 
determination 

i 

10.0 

9.97 

9.90 

9.95 

2 

3.99 

3.97 

3.98 

3.95 

3 

8.8 

8.77 

8.74 

8.75 

4 

1.93 

1.97 

1.92 

1 . 90 

5 

7.8 

7.75 

7.72 

7.73 

j 


Figure  4.  Electrode  Cup  Assembly 


tions  were  prepared  from  A.C.S.  reagent  grade  chemicals  without 
further  purification.  The  system  was  calibrated  against  buffer 
solution  A  and  the  results  obtained  on  measurement  of  the  pH 
of  the  other  solutions  are  shown  in  Table  II. 

These  data  indicate  that  there  has  been  little  deterioration  of 
the  electrodes  in  the  period  of  time  they  have  been  used.  It  is 
recommended  that  regular  attention  be  given  the  saturated 
potassium  chloride  liquid  junction  solution  in  order  to  avoid 
errors  due  to  dilution  or  contamination.  To  test  the  system  for 
linearity,  it  may  be  calibrated  against  buffer  solutions  B  and  C, 
as  recommended  by  Manov  ( 2 ).  The  use  of  buffers  of  pH  above 
7.00  demands  that  precautions  be  taken  to  prevent  absorption  of 
atmospheric  carbon  dioxide.  For  normal  use  the  system  should 
be  calibrated  against  a  single  buffer  solution  having  a  pH  approxi¬ 
mately  that  of  the  sample  to  be  examined.  Solution  A  or  B  will 
serve  well  for  most  purposes. 


Table  II.  pH  Measurements 

Buffer  pH  at  25°  C. 

Solu-  Deter- 


tion 

Description  of  Solution 

Given 

mined 

Error 

A 

.  0.025  M  potassium  dihydrogen  phos¬ 
phate,  disodium  hydrogen  phosphate, 
B.S.  No.  186 

6.86 

B 

0.05  M  potassium  acid  phthalate,  B.S. 
No.  84b 

4.00 

4  03 

+  0.03 

C 

0.01  M  borax,  B.S.  No.  187 

9.18 

9.17 

-0.01 

D 

0.05  M  potassium  acid  phthalate,  A.C.S. 
reagent  grade 

4.00 

4.02 

+  0.02 

E 

0.01  M  borax,  A.C.S.  reagent  grade 

9.18 

9.18 

0.00 

The  electrodes  were  mounted  in  a  horizontal  posit  ion  below  the 
top  of  the  electrode  cup  in  order  to  obtain  a  clear  working  space 
above  the  electrode  cup  assembly.  It  was  realized  that  con¬ 
tamination  of  the  liquid  junction  solution  might  result  with  the 
calomel  electrode  mounted  in  this  position.  In  order  to  estab¬ 
lish  accuracy  of  the  instrument  after  use  for  6  months,  the  sys¬ 
tem  was  checked  against  five  buffer  solutions  prepared  in  accord¬ 
ance  with  the  recommendations  of  the  Bureau  of  Standards. 
Three  of  the  solutions  were  prepared  from  chemicals  supplied  for 
this  purpose  by  the  Bureau  of  Standards.  The  other  two  solu- 


The  use  of  this  equipment  permits  an  unskilled  operator  to 
make  from  100  to  150  pH  determinations  per  hour.  The  elec¬ 
trode  cup  and  electrodes  may  be  rinsed  well  between  deter¬ 
minations,  and  there  is  little  danger  of  breaking  them. 
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Modified  Gas-Absorption  Apparatus 

ARCHIE  N.  BOLSTAD  AND  RALPH  E.  DUNBAR,  North  Dakota  Agricultural  College,  Fargo,  N.  Dak. 


RECENT  modifications  and 
improvements  have  been 
added  to  the  gas-absorption 
apparatus  recently  d  e  - 
scribed  ( 1 ).  Some  difficulty 
has  been  encountered  in  ad¬ 
justing  the  level  of  the  absorp¬ 
tion  column  to  the  changing 
level  of  the  liquid.  If  the  con¬ 
nection  at  the  opening  of  the 
flask  is  sufficiently  tight  to 
prevent  leakage  of  gas,  it  is  al¬ 
most  impossible  to  make  the 
necessary  adjustments  in  level. 
This  difficulty  has  been  largely 
eliminated  by  adding  the 
familiar  liquid  seal  to  the  ap¬ 
paratus. 


shown  at  A.  This  operation  is  not  so  difficult  as  it  might  appear, 
for  the  bottom  of  a  small  beaker  can  be  readily  removed  by  heating 
and  blowing.  The  original  pourout  provides  a  convenient  means 
for  removing  any  sealing  liquid  used,  provided  the  Erlenmeyer 
flask  is  first  closed  with  a  solid  cork  or  stopper.  The  absorption 
portion  of  the  apparatus,  B,  is  identical  with  that  previously 
described  ( 1 ).  A  smaller  beaker,  C,  is  attached  to  the  upper  por¬ 
tion  of  the  absorption  tube,  in  an  inverted  position,  as  shown. 
A  small  inlet  tube,  D,  is  provided  for  introduction  of  the  gas  being 
employed.  Mercury  or  any  other  heavy  inert  liquid  may  be 
employed  for  the  seal.  Obviously  the  liquid  used  must  not  react 
chemically  with  the  gas  employed.  If  a  bulb,  E,  is  constructed 
above  the  absorption  tube  as  shown,  it  will  largely  eliminate 
the  danger  of  overflow  due  to  bumping  or  refluxing,  and  will  also 
care  for  some  increase  in  volume  of  the  liquid. 

With  this  modified  gas-absorption  apparatus  the  necessary 
adjustments  can  be  made  by  raising  or  lowering  the  Erlenmeyer 
flask  only.  This  is  a  decided  advantage,  since  no  other  portion 
of  the  entire  train  of  equipment  is  disturbed.  The  size  of  the 
equipment  can  be  varied  and  proportioned  to  meet  various  needs. 


A  small  Pyrex  beaker,  with  LITERATURE  CITED 

bottom  removed,  is  sealed  to 

the  upper  portion  of  a  wide-  (1)  Bolstad,  Luther,  and  Dunbar,  R.  E.,  Ind.  Eng.  Chem.,  Anal. 
necked  Erlenmeyer  flask  as  Ed.,  15,  498  (1943). 
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Electromagnetic  Stirring  Device 

WILLIAM  N.  MCINTOSH 
Department  of  Physics,  Howard  University, 
Washington,  D.  C. 


Figure  1.  Diagram  of  Stirring  Device 


THE  application  of  an  electromagnetic  stirring  device  is  es¬ 
pecially  advantageous  for  agitating  a  liquid  under  pressure 
or  in  a  vacuum. 

Several  articles  describing  such  devices  have  been  published 
most  recently  {1-4)  •  The  electromagnetic  stirrer  devised  by 
the  writer  embodies  simplicity  of  construction,  reliability  of  opera¬ 
tion,  safety  in  use  because  of  sealed  contacts,  and  low  operating 
temperature  and  cost.  It  can  be  used  on  110-volt  direct  or  alter¬ 
nating  current,  requiring  0.4  ampere  and  a  75-ohm  line  resistance 
on^ direct  current  and  0.7  ampere  on  alternating  current  with  no 
line  resistance. 

The  stirrer  consists  of  two  parts,  A  and  B.  The  base  of  A.  is 
a  solenoid  directly  connected  to  the  110- volt  alternating  current 


line  or  through  the  75-ohm  resistance  to  the  110-volt  direct  cur¬ 
rent  line.  The  solenoid  is  made  of  a  brass  spool  with  2333.4  feet 
of  No.  24  enamel-covered  copper  wire  (0.022-inch  diameter)  which 
operates  a  plunger  made  of  solid  soft  iron  (height  1.25  inches, 
diameter  16/i6  inch). 

When  the  plunger,  1,  is  pulled  down  by  the  solenoid  it  lowers  a 
lever,  2,  consisting  of  a  brass  tube  in  which  an  evacuated  mercury 
interrupter,  3  (available  at  laboratory  supply  houses  as  made 
by  General  Electric,  Minneapolis-Honeywell 
Regulator  Co.,  and  American  Instrument  Co., 
Washington,  D.  C.),  is  situated,  which  breaks 
the  current  when  the  lever  reaches  its  lowest 
point,  thus  allowing  the  lever  and  plunger  to  be 
pushed  up  by  a  coil  spring,  4. 

The  tension  of  coil  spring  5  at  the  end  of  the 
lever,  which  can  be  changed  by  manipulation  of 
a  screw,  6,  regulates  in  a  very  simple  and  reli¬ 
able  way  the  time  interval  between  the  make- 
and-break  of  the  current.  The  height  of  the 
pivot,  7,  can  also  be  regulated  to  give  the  mer¬ 
cury  interrupter  the  proper  inclination. 

A  regulates  the  speed  of  the  make-and- 
break  for  an  efficient  stirring,  whereas  B  is  a 
stirring  device  activated  by  the  intermittent 
current  supplied  by  A.  The  solenoid,  8,  acts 
on  the  soft  iron  cores  of  the  stirrer,  9,  inside 
the  closed  apparatus,  inducing  an  up  and  down 
motion  of  the  stirrer.  The  solenoid  is  made 
of  short  brass  pipe  1.5  inches  long,  wall  thick¬ 
ness  0.12  inch,  brazed  to  a  mild  steel  round 
plate  5  inches  in  diameter  and  0.12  inch  thick. 
It  has  1400  feet  of  No.  24  enamel-covered 
copper  wire. 

The  liquid  is  stirred  by  perforated  plates,  10, 
attached  to  the  stirrer,  which  is  made  (as  is 
the  whole  apparatus)  from  nonmagnetic  metal 
(copper  or  silver).  This  method  of  stirring  is 
more  efficient  than  rotating  motion  which  has  a 
tendency  to  move  the  entire  liquid. 

A  spiral  spring,  11,  situated  at  the  bottom  of 
the  apparatus  intermittently  touches  the  lower 
perforated  plates,  enhancing  the  regularity  of 
the  stirring. 

A  jacket,  12,  through  which  liquids  are  circu¬ 
lated  provides  temperatures  required  by  vari¬ 
ous  experiments. 

LITERATURE  CITED 
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BOOK  REVIEW 


Figure  2.  Stirrer 


Gas  Analysis  and  Testing  of  Gaseous  Materials.  1st  edition 
V.  J.  Altieri.  xi  +  567  pages.  American  Gas  Association,  Inc., 
420  Lexington  Ave.,  New  York,  N.  Y.,  1945.  Price,  $5.00  to 
members;  $7.50  to  nonmembers. 

The  book  has  evolved  from  a  revision  of  the  widely  used  Gas 
Chemists  Handbook  of  the  American  Gas  Association  and  is  the  third 
of  a  series  of  volumes  into  which  the  former  one-volume  text  has  been 
expanded.  It  covers  in  a  thorough  manner  that  portion  of  the  theory 
and  practice  of  gas  analysis  customarily  encountered  by  the  chemists 
of  gas  companies  (manufactured  and  natural  gas).  Gas  analyses 
of  types  not  often  involved  in  the  fuel  gas  industry  are  hardly  more 
than  mentioned.  The  book  contains  much  in  its  500  crowded  pages 
that  is  related  to  but  not  usually  considered  a  part  of  gas  analysis — a 
concise  outline  of  the  kinetic  theory,  for  example,  and  chapters  on 
the  measurement  and  flow  of  gases  and  on  density. 

The  dominant  impression  the  reader  gets  from  the  book  is  one  of 
admiration  for  the  thoroughness  and  rigidly  logical  operation  of  the 
author’s  mind  and  for  his  vast  capacity  for  work.  Everything  is  de¬ 
fined,  classified,  described,  and  pigeonholed  with  exactness,  com- 
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pleteness,  and  finality.  No  chance  is  left  for  misunderstanding  or 
error,  and  nothing  essential  to  the  discussions  has  been  left  out,  no 
matter  how  obvious  or  well  known  it  may  seem  to  the  reader.  For 
example,  a  full  page,  containing  both  dimensional  and  differential 
equations,  is  devoted  to  “the  concept  of  pressure’’.  It  is  extremely 
doubtful  that  the  discussion  will  be  understood  by  any  one  who  does 
not  already  have  an  entirely  adequate  concept  of  pressure.  For  this 
reason  the  book  is  tedious  reading. 

In  his  preface,  the  author  shows  that  he  set  himself  the  task  of 
writing  a  book  that  would  meet  the  needs  of  every  type  of  person  con¬ 
cerned  with  gas  analysis  in  the  fuel-gas  industries — to  make  "in¬ 
stantly  available ...  detailed  but  concise  directions,  thoroughly  in¬ 
dexed,  for  laboratory  and  plant  technicians;  theory,  mathematical 
concepts,  and  literature  references  for  chemists,  physicists,  and  engi¬ 


neers;  and  matters  of  general  interest  for  executives  and  persons  who 
usually  do  not  want  highly  specialized  technical  information”.  Per¬ 
haps  the  author’s  way  is  the  only  one  in  which  this  ambitious  and  very 
difficult  objective  can  be  attained. 

Gas  analysts  are  usually  individualists,  who  tend  to  employ  only 
apparatus  and  procedures  to  which  they  are  accustomed  and  rarely 
publish  data  regarding  the  relative  merits  of  competing  analytical 
.processes.  The  lack  of  such  data,  which  is  the  principal  defect  of  this 
very  valuable  text,  is  consequently  not  entirely  the  author’s  fault; 
but  in  the  reviewer’s  opinion  it  should  have  been  possible  to  give  more 
information  of  the  sort  than  has  been  included.  The  omission  of 
some  of  the  less  useful  equipment  and  procedures  and  the  curtailment 
of  some  of  the  more  generalized  discussions  would  not  be  regretted. 

E.  R.  Weaver 


CORRESPONDENCE 


Determination  of  p,p  Content 
of  Technical  DDT 

Sib:  In  view  of  the  publication  of  Cristol,  Hayes,  and  Haller 
[Ind.  Eng.  Chem.,  Anal.  Ed.,  17,  470  (1945)]  on  the  determination  of 
p,p'-DDT  in  the  technical  material  by  crystallization  involving  the 
use  of  75%  ethanol,  we  wish  to  place  on  record  the  work  done  in 
England  in  the  first  half  of  1943. 

During  our  investigations  on  a  suitable  method  for  the  manufacture 
of  DDT,  we  succeeded  in  preparing  material  which  could  be  readily 
isolated  as  a  fine  colorless  powder,  but  which  had  a  melting  point 
range  of  76°  to  89°  C.,  and  although  this  was  satisfactory  for  com¬ 
mercial  purposes  it  was  very  desirable  to  work  out  a  method  which 
would  give  us  the  p.p'  content,  and  therefore  a  measure  of  its  purity. 
This  was  accomplished  by  a  direct  crystallization  from  99.5%  al¬ 
cohol,  under  a  set  of  standard  conditions. 

The  method  was  communicated  to  the  Ministry  of  Supply  on  Feb. 
2, 1944,  and  in  due  course  was  incorporated  in  the  British  specification 
for  technical  DDT.  Subsequently,  work  carried  out  by  the  Chief 
Chemical  Inspectorate,  Ministry  of  Supply,  led  to  the  use  of  99.5% 
alcohol  saturated  with  pure  p,j'-DDT  and  also  to  an  increase  of  the 
volume  of  alcohol  employed,  but  fundamentally  the  method  was  un¬ 
altered. 

Ten  grams  of  the  sample  were  treated  with  30  ml.  of  99.5%  ethanol 
in  a  100-ml.  conical  flask  and  brought  to  the  boil  to  effect  solution 
without  loss  of  solvent.  The  flask  was  then  set  aside  and  cooled  for 
2  hours  at  room  temperature  (20°  C.).  The  material  was  collected 
on  a  weighed  No.  3  sintered-glass  crucible,  washed  twice  with  two 
5-ml.  portions  of  75%  ethanol,  and  dried  to  constant  weight  at  80°  C. 


The  following  results 

were  obtained: 

Sample  No. 

p,p'  Content,  % 

Melting  Point 

1 

69.5 

105-7 

69.5 

105-7 

70.0 

105-7 

2 

77.1 

107-9 

77.8 

107-9 

74.8 

106-8 

3 

69.5 

105-7 

69.9 

105-7 

a  We  had  previouslv  found  that  pure  DDT  had  a  melting  point  of  108.5- 
109.5°  C.  (corrected).'  Zeidler,  Ber.,  7,  1191  (1874),  recorded  melting  point 
as  103-105°  C. 

Pharmaceutical  Laboratory  I.  E.  Balaban 

Geigy  Co.,  Ltd.  R.  D.  Calvert 

Trafford  Park 
Manchester  17,  England 

Sir:  The  work  described  by  us  was  conducted  in  the  latter  half  of 
1944  and  makes  use  of  75%  ethanol  saturated  with  p.p’-DDT  as 
recrystallization  solvent.  This  gave  more  consistent  results,  in  our 
hands,  than  that  using  stronger  ethanol.  We  are  happy,  however, 
at  this  time  to  acknowledge  the  prior  use  by  Balaban  and  Calvert  of 
a  recrystallization  technique  for  the  determination  of  the  p,p'  isomer 


content  of  technical  DDT,  earlier  publication  of  which  was  barred 
by  security  restrictions. 

Stanley  J.  Cristol 

Bureau  of  Entomology  and  Robert  A.  Hayes 

Plant  Quarantine  H.  L.  Haller 

II.  S.  Department  of  Agriculture 
Beltsville,  Md. 

Determination  of  Ethylene 

Sir:  We  have  tested  the  method  of  Francis  and  Lukasiewicz 
[Ind.  Eng.  Chem.,  Anal.  Ed.,  17,  703  (1945)]  for  the  determination 
of  ethylene  and,  while  we  found  that  the  reagent  they  described 
absorbs  olefins  completely  and  rapidly,  we  also  found  that  the  reagent 
reacts  at  an  appreciable  rate  with  carbon  monoxide  to  form  carbon 
dioxide. 

Samples  of  pure  carbon  monoxide  and  a  mixture  of  50%  carbon 
monoxide  and  50%  nitrogen  were  tested  with  the  mercuric  sulfate 
solution  in  a  pipet  packed  with  vertical  tubes,  leaving  the  sample  in 
the  pipet  20  seconds  between  passes.  After  20  passes  had  been  made 
into  the  solution  the  sample  was  passed  into  50%  potassium  hy¬ 
droxide  solution.  The  results  of  these  tests  are  given  here: 


Passes 

Pure  CO 

Pure  CO 

Mixture 
(50%  Nj) 

ML 

Ml. 

Ml. 

0 

98.8 

98.4 

97.6 

5 

98.8 

98.4 

97.6 

10 

98.7 

98.3 

97.6 

15 

98.6 

98.1 

97.5 

20 

98.3 

97.9 

97.4 

Passed  into  50%  KOH 

93.1 

92.3 

95.4 

The  action  of  this  reagent  on  carbon  monoxide,  forming  carbon 
dioxide,  may  lead  to  erroneous  results  when  an  alkaline  absorbent  is 
used  after  the  mercuric  sulfate  (such  as  alkaline  pyrogallol  solution 
for  determining  the  oxygen  content  of  a  sample)  or  when  the  residual 
gas  after  absorption  in  mercuric  sulfate  solution  is  used  for  the  de¬ 
termination  of  paraffin  content  by  measurement  of  the  carbon  dioxide 
produced  by  combustion  analysis.  Errors  of  this  type  can,  of  course, 
be  avoided  by  passing  the  gas  into  caustic  solution  after  it  is  passed 
into  the  mercuric  sulfate  reagent  and  correcting  any  subsequent  car¬ 
bon  monoxide  determination  by  the  amount  of  carbon  dioxide  re¬ 
moved. 

F.  R.  Brooks 
P.  Benjamin 

Shell  Development  Co.,  V.  Zahn 

Emeryville,  Calif. 

Sir:  We  appreciate  the  tests  made  by  Brooks,  Benjamin,  and 
Zahn  of  our  reagent  for  determining  ethylene,  indicating  a  possible 
error  in  its  use,  and  also  a  means  for  avoiding  the  error.  We  believe 
their  note  will  add  to  the  value  of  the  method. 

A.  W.  Francis 

Socony-Vaeuum  Laboratories,  S.  J.  Lukasiewicz 

Paulsboro,  N.  J. 
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editorial  office.  Examination  of  recent  issues 
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preparation  of  the  manuscript.  (For  further 
suggestions  concerning  style  requirements,  see 
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Title.  Have  it  brief  and  informative. 

Authors’  Names.  Use  given  name  and/or  initials  as  preferred.  If  but  one  initial,  give  name — i.e.,  James 
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not  “screen  out”. 

LTse  black,  waterproof  ink  for  symbols,  numbers,  and  letters.  All  lettering  should  be  in  capitals. 
Remember  the  laws  of  proportion  when  lettering  figures.  Be  governed  by  over-all  size  of  drawing  in  de¬ 
termining  size  of  letter,  etc.,  to  use,  allowing  for  reduction  to  reasonable  publication  size  without  im¬ 
pairing  legibility.  Letters,  symbols,  and  numbers  after  reduction  should  be  at  least  1.5  mm.  in  height. 
Column  width  is  3.25  inches,  and  this  is  the  preferred  width  of  engravings. 

Avoid  waste  space.  Arrange  curves,  legends,  symbols,  etc.,  so  that  no  unnecessary  area  is  included. 
Place  captions  beneath  drawings.  They  will  be  set  in  type. 

Photographs.  Provide  clear,  glossy  prints. 
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No  author  should  overlook  a  brief  statement  on  the 
contents  page  of  the  Analytical  Edition.  It  is  his 
guarantee — though  also  a  reminder  of  the  obligations  he  con¬ 
tracts  through  publication — and  reads:  “The  American  Chem¬ 
ical  Society  assumes  no  responsibility  for  the  statements  and 
opinions  advanced  by  contributors  to  its  publications.” 

This  is  a  promise  to  every  contributor  that  his  viewpoints — 
not  the  American  Chemical  Society’s,  the  editor’s,  the  re¬ 
viewers’,  or  the  readers’ — shall  prevail  in  what  is  published  under 
his  authorship.  By  the  same  logic  he,  not  they,  must  defend 
his  position  should  his  right  to  a  place  in  the  permanent  literature 
ever  be  challenged. 

With  such  apparent  shift  of  credit  or  blame  to  contributors, 
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convinced  of  the  value  of  their  offerings,  feel  easier  if  they  know 
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istructive  spirit  because  of  a  sincere  interest  in  maintaining  and 
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.maintained  to  review  papers  in  each  category  of  analytical 
chemistry.  Instead  every  author,  every  analytical  chemist,  and 
certainly  every  specialist  in  fields  touching  analytical  chemistry 
is  a  potential  reviewer.  Whether  called  upon  frequently  or  in¬ 
frequently,  he  is  chosen  only  after  several  factors  have  been 
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A  manuscript  to  be  reviewed  is  first  checked  on  a  number  of 
points.  Who  beside  the  author  is  working  or  has  worked  in  the 
field?  What  has  been  published  recently?  Has  it  been  noted 
by  the  author?  Has  he  overlooked  any  recent  Analytical 
Edition  articles?  Are  they  perhaps  unknown  to  him  because 
they  are  “in  press”  or  in  an  even  earlier  publication  stage? 

In  answering  such  questions  it  is  usually  not  difficult  to  find  a 
number  of  possible  reviewers.  The  problem  then  is  to  choose 
i  those  most  suitable.  Advisory  Board  members  at  intervals  re- 
I  ceive  a  list  of  manuscript  titles  so  that  they  can  nominate  appro¬ 
priate  critics.  Authors  themselves  are  encouraged  to  name 
those  they  regard  as  qualified.  Particularly  if  an  author  feels 
his  work  has  been  misjudged  by  critics  chosen  originally,  the 
editor  welcomes  both  a  rebuttal  to  .the  objectionable  criticisms 
and  suggestions  as  to  reviewers  considered  competent.  Every 
effort  is  made  to  consider  all  pertinent 'viewpoints  and  to  reach 
la  final  decision  the  author  can  understand  and  endorse  even  if 
'unfavorable.  A  disappointed  author  should  not  be  a  dissatisfied 
author. 

Two  reviewers  are  usually  chosen  for  the  initial  review.  One 
is  ordinarily  from  the  rather  limited  group  of  “authorities”  in 
their  special  fields.  The  other  may  not  be  so  widely  known,  but 
he,  too,  is  selected  for  his  special  interest  in  the  subject.  Some¬ 
times  he  can  give  more  helpful  advice,  and  comment  in  greater 
detail  than  the  “authority”,  because  of  closer  association  with 
the  problem  discussed  or  even  because  he  can  give  more  time  to 
the  manuscript. 

With  each  manuscript  the  critic  receives  a  rating  form  on 
which  he  marks  the  contribution  for  originality,  quality,  appro¬ 
priate  publication  place,  and  attention  required  before  publica¬ 
tion.  In  addition,  detailed  comments  are  requested  for  trans¬ 
mittal  to  the  authors.  Reviewers  are  urged  to  sign  these,  but 
only  if  they  can  write  as  freely  over  their  signatures  as  otherwise. 


This  choice  between  being  anonymous  or  named  is  a  feature 
of  the  review  system  which  many  authors  and  some  reviewers 
disparage.  Any  sincere  critic,  they  reason,  should  not  be  afraid 
to  identify  himself.  If  unsigned  comments  are  adverse,  the  appre¬ 
hensive,  sometimes  skeptical,  author  often  resents  them  and 
assumes  such  reviewers  are  incompetent.  Such  assumptions  are 
generally  erroneous.  They  indicate  a  lack  of  understanding  of 
human  nature  and  a  lack  of  faith  in  the  editor  and  his  advisers. 

The  theory  of  frank  and  open  criticism  is  admirable.  How¬ 
ever,  situations  where  anonymity  alone  seems  to  guarantee 
honest  opinions  and  true  candor  are  easy  to  recognize.  How 
many  employers  have  not  wished  for  its  freedom  when  writing 
letters  of  recommendation?  Many  critics  desire  it  when  evaluat¬ 
ing  the  contributions  of  a  fellow  scientist.  Both  the  former 
student  criticizing  the  work  of  his  teacher  and  the  nonexpert 
commenting  on  the  work  of  an  expert  may  experience  reasonable 
hesitation  about  signing  reviews  even  when  they  know  their 
criticisms  are  Valid.  Free  to  say  what  they  honestly  think,  they 
can  concentrate  on  their  reviewing  without  concern  for  what 
the  authors’  personal  reactions  may  be. 

The  editor  also  knows  that  some  critics  cannot  sign  reviews 
because  of  company  policies.  He  may  question  the  reasonable¬ 
ness  of  such  policies,  but  they  are  beyond  his  control.  To  allow 
them  to  prohibit  cooperation  from  reviewers  so  restricted  would 
surely  deprive  many  authors  of  sources  of  superior  criticism. 

The  anonymous  review  has  been  denounced  because  it  fosters 
personal  bias  and  indulges  the  acrimoniously  inclined  critic. 
These  arguments  can  be  refuted  in  most  instances,  for  while  the 
patience  and  good  will  of  critics  are  sometimes  tried  by  the 
shortcomings  of  authors,  caustic  reports  are  rarely  submitted. 
Differences  of  opinion  exist,  but  they  are  usually  the  result  of 
differences  in  training,  experience,  and  familiarity  with  Analy¬ 
tical  Edition  publication  standards  rather  than  personal  bias 
or  antagonism.  Where  personal  prejudice  exists,  it  can  generally 
be  detected  and  counteracted.  It  is  not  uncommon  when  re¬ 
viewers  submit  conflicting  reports,  to  seek  the  advice  of  a  referee, 
to  whom  the  manuscript  and  these  reports  are  made  available. 
One  of  the  great  advantages  of  the  present  system  is  the  oppor¬ 
tunity  to  obtain  views  from  more  than  one  person  or  group. 
This  permits  a  far  wider  sampling  of  opinion  than  is  possible 
with  a  small  group  of  advisers,  however  expert  each  might  be. 

Following  an  initial  review,  comments  received  are  passed  on 
to  the  author.  As  a  rule  the  editor  makes  no  request  except 
that  reports  be  thoughtfully  considered.  The  comments  give 
the  author  an  idea  of  what  readers  might  think  or  say  were  his 
article  published  as  submitted.  Here  is  his  opportunity  to  take 
care  of  their  questions  in  advance.  If  errors  have  been  discovered, 
they  can  be  corrected.  If  the  presentation  was  found  obscure,  it 
can  be  clarified.  If  a  rev-iewer  has  misinterpreted  data,  steps 
can  be  taken  to  keep  the  reader  from  doing  likewise. 

Sometimes  criticisms  can  be  disposed  of  easily.  Sometimes  a 
considerable  exchange  of  views  is  required  before  an  author  has 
justified  his  position  or  been  convinced  that  his  contribution  is 
not  suitable.  Whatever  the  outcome,  there  is  no  attempt  to 
coerce  any  author  into  altering  his  manuscript  against  his  wishes. 
Any  compromise  he  makes  as  a  result  of  reviewer  suggestions  is 
his  own  acknowledgment  of  sound  criticism.  Any  revised  draft 
he  submits  is  assumed  to  be  one  he,  himself,  approves,  not  one 
he  has  prepared  to  please  the  critics. 

The  primary  purpose  of  the  review  system  is  maintenance  of 
high  publication  standards  for  the  Analytical  Edition.  It 
requires  faith  on  the  part  of  hundreds  of  authors  and  good  will 
on  the  part  of  an  even  greater  number  of  reviewers.  Over  many 
years  it  has  proved  its  worth  in  countless  instances.  The  editor 
and  his  assistants  have  faith  that  it  will  continue  to  do  so. 
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This  article  describes  the  preparation  and  use  of  a  series  of  graph 
papers  designed  to  convert  cumulative  molecular  weight  distribution 
data  for  high  polymers  into  straight  lines.  These  graph  papers  are 
based  on  a  theoretical  two-parameter  molecular  weight  distribution 
equation  derived  by  Schulz  from  statistical  considerations  of  the 
mechanism  of  vinyl-type  polymerizations.  It  was  found  that  most 
of  the  published  molecular  weight  distribution  data  on  vinyl  poly¬ 
mers,  cellulose,  and  cellulose  derivatives  will  give  fairly  linear  plots 


EXPERIMENTAL  studies  on  molecular  weight  distributions 
for  high-polymer  systems  by  the  method  of  fractional  solu¬ 
bility  (solution  or  precipitation)  yield  a  series  of  relatively  homo¬ 
geneous  fractions  (29).  The  mass  of  each  fraction  is  added  up  in 
stepwise  fashion  to  produce  an  S-shaped  curve  of  cumulative  per¬ 
centage  against  polymerization  degree  of  the  individual  fractions. 
This  curve  is  then  differentiated  to  obtain  the  molecular  weight 
distribution  curve. 

Unless  a  large  number  of  fractions  have  been  obtained,  some 
uncertainty  will  exist  as  to  the  exact  shape  of  the  S-shaped  curve, 
and  this  uncertainty  will  be  multiplied  by  the  graphical  differen¬ 
tiation  step.  The  resulting  error  may  not  be  serious  for  a  general 
characterization  of  the  distribution  curve.  However,  it  does  be¬ 
come  important  when  such  data  are  used  to  draw  conclusions 
about  the  kinetics  of  polymerization.  For  example,  Flory  (10, 
11,  12),  Schulz  (39,  41,  4^),  Herington  and  Robertson  (18),  Ginell 
and  Simha  (15),  Stockmayer  (52),  and  Hulburt  et  al.  (20)  have 
derived  theoretical  molecular  weight  distribution  curves  based  on 
specific  polymerization  mechanisms.  Polycondensations,  branch¬ 
ing,  chain  transfer,  and  other  types  of  chain  termination  are 
among  the  reactions  treated  by  statistical  and  kinetic  methods. 
The  numerical  parameters  appropriate  to  such  distribution  func¬ 
tions  can  in  principle  be  obtained  from  an  experimental  distri¬ 
bution  curve.  While  there  is  probably  no  substitute  for  a  large 
number  of  narrow  fractions  (34),  the  question  arises  as  to 
what  graphical  aids  can  be  employed  in  handling  experimental 
data. 

The  similar  problem  which  exists  in  other  fields,  as  with  dis¬ 
tribution  of  particle  sizes  or  with  various  types  of  statistical 
data,  has  been  discussed  by  Austin  (S)  and  more  recently  by  Ris- 
sik  (37),  who  point  out  the  advantage  of  using  probability  graph 
paper  which  transforms  the  S-shaped  cumulative  percentage 
curve  into  a  straight  line.  This  graph  paper  has  the  units  along 
the  cumulative  percentage  axis  spaced  according  to  the  integral 
of  the  Gaussian  distribution  function,  while  those  along  the  other 
axis  may  have  a  linear  or  logarithmic  interval.  A  linear  plot  on 
■such  paper  immediately  furnishes  an  idea  about  the  type  of  dis¬ 
tribution  involved,  the  general  goodness  of  the  data,  and  several 
statistical  quantities  such  as  the  mean  size  and  the  standard  de¬ 
viation. 

These  graph  papers,  which  are  commercially  available,  yield 
straight  lines  of  cumulative  percentage  versus  molecular  weight 
data  for  some  high-polymer  systems,  but  fail  in  many  cases.  A 
new  series  of  graph  papers  was  therefore  designed  to  cover  the 
unsymmetrical  distribution  curves  which  in  theory  and  practice 
are  characteristic  of  most  high  polymers.  This  article  is  con¬ 
cerned  with  the  design  and  properties  of  these  graph  papers  and 
with  some  conclusions  reached  in  using  them. 


on  these  graph  papers.  In  no  case,  however,  is  a  perfect  fit  ob¬ 
tained.  This  failure,  in  the  case  of  vinyl  polymers,  is  tentatively 
ascribed  to  the  simultaneous  operation  of  several  kinetic  mecha¬ 
nisms  during  polymerization,  and/or  to  faulty  fractionation  tech¬ 
niques.  Various  mathematical  criteria  for  judging  molecular  weight 
distribution  data  are  included,  as  is  also  a  brief  reference  to  the 
general  use  of  these  graph  papers  on  unsymmetrical  frequency 
distributions. 


DESIGN  OF  GRAPH  PAPERS 

The  preparation  of  the  desired  coordinate  scales  proceeds  most 
simply  by  a  graphical  transformation  based  on  an  S-shaped  curve 
of  the  correct  type.  This  original  curve  may  be  an  experimental 
one  which  is  judged  'sufficiently  accurate  to  serve  as  a  model. 
Irany  (22)  has  followed  this  procedure  in  making  viscosity-con¬ 
centration  plots  of  polymers,  where  the  lack  of  an  adequate  theory 
demanded  a  purely  empirical  approach.  However,  the  theory  of 
molecular  weight  distribution  functions  presents  a  number  of 
models  from  which  to  choose. 

A  rather  general  distribution  function  with  two  adjustable 
parameters  has  been  proposed  on  several  occasions,  for  different 
purposes : 

(1  _  a)b  +  2 

W(P)dP  =  +Y},  Pb  +  laPdP  (1) 

where  W(P)  is  weight  the  fraction  of  material  found  in  the  inter¬ 
val  dP,  P  is  polymerization  degree,  and  a.  and  b  are  constants. 
Equation  1  describes  a  family  of  unsymmetrical  distribution 
curves  with  a  single  maximum  and  with  the  long  tail  of  the  dis¬ 
tribution  occurring  at  high  values  of  P.  The  shape  of  the  curve 
and  the  location  of  the  maximum  depend  on  the  numerical 
values  of  a  and  b.  As  a  approaches  unity,  and  as  b  increases, 
the  maximum  occurs  at  progressively  larger  values  of  P,  while  as 
b  increases  the  curves  become  sharper  and  more  symmetrical 
about  the  maximum.  For  most  vinyl  polymers,  a  lies  between 
0.99  and  unity,  b,  which  has  positive  integral  values  including  0, 
is  primarily  responsible  for  the  shape  of  the  curve  if  a  is  0.99  or 
greater. 

There  are  at  least  three  possible  interpretations  of  Equa¬ 
tion  1. 

Schulz  (41)  first  derived  this  equation  in  connection  with  his 
chain  coupling  theory  for  vinyl  polymers.  In  this  case  a  is  the 
probability  for  chain  growth,  while  6  +  1  =  K  is  the  number  of 
growing  polymer  chains  whifh  combine  to  form  the  final  polymer 
unit.  Thus,  when  chain  termination  occurs  by  mutual  coupling, 
b  =  1  or  K  —  2.  Whefl  b  is  0,  Equation  1  reverts  to  Schulz’s 
original  derivation  for  vinyl  compounds  (39)  and  to  Flory’s 
(10)  derivation  for  linear  polycondensation  resins. 

Later,  Mark  (28,  29)  suggested  that  Equation  1  might  apply 
to  branched  polymers  where  each  polymer  molecule  contained 
exactly  b  branches  in  addition  to  the  so-called  main  polymer 
chain.  This  branched  structure  could  presumably  arise  either 
through  the  coupling  of  b  +  1  growing  chains,  or  by  the  simul¬ 
taneous  growth  of  a  single  molecule  in  b  +  2  directions. 

Finally,  a  specific  reaction  mechanism  or  interpretation  can  be 
discarded  and  Equation  1  used  simply  to  fit  an  experimental 
curve  by  adjusting  parameters  a  and  b.  In  practice  it  turns  out 
that  most  of  the  existing  molecular  weight  distribution  data  can 
be  fairly  well  described  by  Equation  1.  Hence,  whatever  the 
significance  of  the  parameters,  Equation  1  provides  a  suitable 
model. 
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Probability  graph  paper  was  therefore  constructed  on  the  basis 
f  this  equation  by  choosing  appropriate  values  of  a  and  6,  cal- 
ulating  and  plotting  the  distribution  function  of  Equation  1, 
nd  integrating  graphically  to  obtain  an  S-shaped  cumulative 
lercentage  versus  degree  of  polymerization  curve.  Regular  in- 
ervals  were  selected  along  the  cumulative  percentage  ordinate 
nd  projected,  via  the  curve,  onto  the  other  axis.  These  projected 
oints  along  the  abscissas  determined  the  intervals  for  the  cumu- 
itive  percentage  axis  of  the  probability  paper.  The  other  axis 
n  the  probability  paper  was  then  made  linear  in  degree  of  poly- 
lerization. 

Since  both  a  and  b  may  vary  from  one  polymer  type  to  another, 
s  well  as  for  different  modes  of  preparation  of  the  same  polymer, 
;  is  necessary  to  design  a  range  of  graph  papers.  Fortunately, 
he  values  of  a  are  likely  to  fall  within  a  fairly  narrow  range, 
loreover,  if  a  is  greater  than  0.99,  the  shape  of  the  distribution 
urve  is  practically  independent  of  a,  but  is  determined  mainly 
y  the  value  of  b.  Second,  as  b  increases,  the  distribution  curve 
ecomes  more  symmetrical  in  shape,  and  its  integral  plots  as  a 
iasonably  straight  line  on  Gaussian  probability  paper  for  b 
reater  than  6  to  8. 

It  was  found,  for  example,  that  the  following  eight  graph  pa- 
ers  covered  a  wide  variety  of  polymers  and  experimental  condi- 
ons: 

1.  a  =  0.99,  b  =  0,  1,  2 

2.  a  =  0.995,  6=1,2,  3,  and  4 

3.  Gaussian  probability  paper,  Codex  Book  Company  Catalog 

No.  3127 

To  give  some  idea  of  the  sensitivity  of  these  graph  papers  to 
lange  in  value  of  b,  Figure  1  has  been  prepared.  It  represents 
leoretical  cumulative  percentage  curves  for  a  =  0.995,  b  = 
1,  2,  3,  and  4,  respectively,  all  plotted  on  a  graph  paper  de- 
gned  to  give  a  straight  line  for  a  =  0.995,  6  =  1.  It  is  seen  that 
6  deviates  by  only  one  unit  from  the  value  on  which  the  graph 
aper  is  based,  the  linearity  is  destroyed  and  the  curve  fails  to 


pass  through  the  origin.  Depending  on  the  accuracy  of  the  ex¬ 
perimental  distribution  data,  use  of  this  type  of  graph  paper  af¬ 
fords  a  convenient  means  of  determining  the  parameter  6.  In  ad¬ 
dition  to  being  straight,  the  line  should  pass  through  the  origin 
with  a  definite  slope  which  depends  primarily  on  the  value  of  b. 
This  slope  is  such  that  the  number  and  the  weight  average  de¬ 
gree  of  polymerization  should  occur  at  definite  cumulative  per¬ 
centage  values  which  are  shown  below. 

Handling  of  Experimental  Data.  Following  Schulz  and 
Dinglinger  (4-3)  in  calculating  cumulative  percentages,  it  is  as¬ 
sumed  that  half  the  weight  of  each  fraction  is  greater,  half  less, 
than  the  measured  average  molecular  weight.  Thus,  the  cumu¬ 
lative  percentage  corresponding  to  a  given  molecular  weight  or 
degree  of  polymerization  is  taken  as  the  total  weight  per  cent  of 
all  preceding  fractions  plus  half  the  weight  per  cent  of  the  frac¬ 
tion  in  question. 

Once  the  data  have  been  plotted  on  probability  paper,  a  choice 
must  be  exercised  as  to  the  best  straight  line  through  the  experi¬ 
mental  points.  Since  the  cumulative  percentage  scale  is  very 
expanded  at  each  extremity,  a  large  linear  deviation  in  these 
regions  parallel  to  the  cumulative  axis  may  not  be  serious.  The 
linear  polymerization  degree  scale  affoids  a  more  convenient 
criterion  for  balancing  deviations  of  the  experimental  points  over 
all  regions  of  the  straight  line. 

The  straight-line  cumulative  percentage  curve  can  be  differ¬ 
entiated  numerically  by  employing  the  fact  that  the  derivative 
at  any  point  is  proportional  to  the  difference  in  scale  reading  on 
the  cumulative  percentage  axis  corresponding  to  a  small,  fixed 
interval  along  the  degree  of  polymerization  axis.  It  is  more  satis¬ 
factory,  however,  to  replot  values  taken  from  the  straight  line 
back  ohto  normal  coordinate  paper.  This  gives  the  S-shaped 
cumulative  percentage  curve  which  can  be  differentiated  graphi¬ 
cally,  or  with  the  aid  of  some  mechanical  device  such  as  the  tan¬ 
gent  meter  described  by  Richards  and  Roope  (36). 

There  is  always  the  danger,  in  work  of  this  type,  of  trying  to 
force  a  straight  line  onto  data  when  such  a  procedure  is  not  really 
justified  by  the  data.  The  next  section  therefore  considers  cer¬ 
tain  criteria  which  will  aid  in  making  decisions  on  this  point. 


CALCULATION  OF  PARAMETERS  a  AND  b 

Before  representing  any  molecular  weight  distribution  data 
with  these  graph  papers,  it  seems  advisable  to  discuss  some  gen¬ 
eral  features  of  the  distribution  function  given  by  Equation  1, 
particularly  in  regard  to  methods  of  calculating  parameters  a  and 
6  from  experimental  data. 

The  value  of  6  can  be  estimated  from  the  type  of  probability 
paper  which  gives  the  best  straight  line  for  the  experimental  dis¬ 
tribution  data.  There  are  cases  when  this  method  fails,  par¬ 
ticularly  for  high  values  of  6,  which  require  Gaussian  distribution 
paper.  In  such  cases,  independent  numerical  checks  on  the  value 
of  b  are  needed.  There  are  several  general  mathematical  methods 
for  finding  a  and  6,  such  as  the  use  of  simultaneous  equations, 
1  graphical  approximations,  etc.  However,  the  unique  properties 
of  this  distribution  function  suggest  at  least  three  special  ap¬ 
proaches  to  the  problem. 

A.  Inflection  Point  Method.  By  setting  the  first  deriva¬ 
tive  of  Equation  1  equal  to  0,  the  value  of  P  corresponding  to  the 
maximum  value  of  the  ordinate  is  found  to  be 

ax  =  (6  +  1)/(1  -  a)  (2) 

provided  a  is  close  to  unity.  (In  general,  the  denominator  of 
Equation  2  should  be  —  lnea,  which  is  valid  for  all  values  of  a.) 
If  6  is  0,  this  reduces  to  the  corresponding  expression  given  by 
Flory  (10)  for  condensation  polymers.  Next,  the  second  deriva- 
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tive  of  Equation  1  is  set  equal  to  0,  and  it  is  found  that  the  inflec¬ 
tion  points  come  at 

[( b  +  1)/(1  -  a)]  *  ((b  +  1) 1  /2/(l  -  «)]  (3) 

Thus  the  two  inflection  points  are  located  symmetrically  about 
P max,  and  the  separation,  A P,  between  them,  measured  along 
the  P  axis  is 


AP  =  2(b  +  l)1/2/(l  —  a)  (4) 

Elimination  of  a  from  Equations  2  and  4  gives  an  expression 
for  b: 


b  =  (2 Pmal  /  A P)*  -  1 

(5) 

while 

a  =  1  —  (6  +  \)  /P  max 

(6) 

In  theory,  at  least,  one  has  merely  to  measure  the  separation 
between  the  inflection  points  and  locate  Pmax  in  order  to  calculate 
both  b  and  a.  Actually  it  may  be  somewhat  difficult  to  locate 
the  inflection  points  exactly,  and,  since  A P  occurs  as  the  square, 
the  error  in  determining  b  will  be  correspondingly  greater.  Equa¬ 
tion  4  is  nonetheless  a  convenient  criterion  for  inspecting  distri¬ 
bution  curves.  If  the  curve  is  narrow  (A P  small)  and  if  its 
maximum  occurs  at  a  high  value  of  P,  then  b  is  large.  If  b  is  0, 
there  is  but  one  inflection  point  on  the  descending  side  of  the 
curve.  Hence  the  presence  or  absence  of  an  inflection  point  on 
the  rising  branch  of  the  curve  is  immediately  indicative  of  the 
general  mathematical  form  of  the  distribution. 

B.  Areas  under  Distribution  Curve.  The  total  area 
under  the  weight  distribution  curve  from  P  =  0  to  °°  is  unity  or 
100%,  but_the  areas  from  P  =  0  to  Pm„  in  one  case,  and  from 
P  =  0  to  Pw  in  the  second  case  (where  Pw  is  the  weight-average 
polymerization  degree),  depend  to  a  very  good  approximation 
only  on  the  parameter  b,  if  a  is  0.99  or  greater. 


Figure  2.  Areas  under  the  Molecular  Weight  Distribution  Curve 
From  P  =  0  to  P max  (lower  curve)  and  from  P  —  0  to  Pw  (upper  curve) 


Specifically,  by  integrating  Equation  1  and  substituting  the 
correct  limits,  it  is  found  that: 


Area]Qmai  =  1  -  e 


b  +  1 

-(&  +  UV''  (6  +  l)9 


E 


?! 


(7) 


o 


(8) 


AREA 

TO 

Mn  = 

26.5  % 

AREA 

TO 

Mn  = 

(b-l)q 

AREA 

TO 

Mw  = 

59.4  % 

° 

AREA 

TO 

Mw  = 

,-e-(b*21Z 

(b-2)q 

O' 

q: 


Figure  3.  Characteristics  of  Molecular  Weight  Distribution  Curve 
Described  by  Equation  1  for  b  =  0  and  b  >  0 


These  two  functions  have  been  plotted  in  Figure  2,  from  which 
values  of  b  can  be  read  if  Pma*  or  Pw  is  known.  These  are  the 
relationships  which  fix  the  slope  of  the  straight-line  cumulative 
percentage  curve  mentioned  above.  Chowla  and  Auluck  (8) 
have  shown  that  the  summation  in  Equation  7  approaches  0.5 
exp  (b  +  1)  as  b  becomes  very  large.  In  other  words,  as  b  ap¬ 
proaches  infinity,  exactly  half  of  the  area  under  the  distribution 
curve  is  on  either  side  of  Pmax. 

C.  Ratio  of  Weight- Average  to  Number- Average  Mo¬ 
lecular  Weight.  It  is  customary  to  calculate  number,  weight, 
and  Z-average  molecular  weights  for  any  molecular  weight  dis¬ 
tribution  function,  according  to  the  method  of  Lansing  and 
Kraemer  (26).  For  Equation  1,  with  a.  close  to  unity,  there  re¬ 
sults: 

Mn  =  Pn.Mo  =  Mo  (b  +  1)/(1  -  a)  (9) 

Mw  =  PW.M0  =  Mo  (b  +  2)/(l  -  a)  (10) 

Mz  =  PZ.M0  =  Mo  (b  +  3)/(l  -  a)  (11) 

where  Mo  is  the  molecular  weight  of  the  monomer  unit.  Mn  cor¬ 
responds  to  the  value  of  Pmax  given  by  Equation  2  while  Mv  is 
the  average  molecular  weight  determined  by  viscosity  measure¬ 
ments  if  Staudinger’s  law  holds.  Otherwise  Mw  corresponds  to 
the  maximum  in  the  Z-distribution  curve  PIF(P)  which  is  the 
first  moment  of  the  weight  distribution  curve.  Mw  and  Mt  car 
be  determined  by  ultracentrifuge  studies.  From  Equations  £ 
and  10 

Mw/Mn  =  PJPn  =  (b  +  2  )/(b  +  1)  =  R  (121 


or 

b  =  (2  -  R)/(R  -  1)  (13) 

Schulz  (41)  has  used  an  expression  of  the  form  R  —  1  to  indi¬ 
cate  the  heterogeneity  of  a  polymer.  In  his  notation,  R  —  1  ap¬ 
proaches  0 — i.e.,  the  sample  is  more  homogeneous — first  foi 
narrow  fractions,  or  second  for  polymers  whose  distribution  curve 
follows  Equation  1  with  large  values  of  b.  Equations  12  and  1-: 
likewise  state  that  the  polymer  is  more  homogeneous — i.e. 
Pw/Pn  approaches  unity — as  b  becomes  large. 

The  main  points  in  connection  with  these  three  methods  o 
calculating  a  and  b  are  summarized  in  Figure  3.  It  is  characteris 
tic  of  all  methods  that  as  b  becomes  large,  the  accuracy  in  deter 
mining  its  exact  value  diminishes.  It  is  thus  convenient  to  us< 
these  different  methods  for  cross-checking.  Moreover,  the  experi 
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mental  weight  distribution  curve  can  be  divided  and  then  multi¬ 
plied  by  the  degree  of  polymerization  to  give  the  number  distri¬ 
bution  curve  and  the  Z-distribution  curve,  respectively.  The 
number  distribution  curve  will  have  a  maximum  at  P  =  b/ 
(1  —  a)  if  6  is  1  or  greater;  otherwise  at  P  =  0.  The  Z-distri- 
bution  curve  will  have  a  maximum  at  P  =  ( 6  +  2)/(l  —  a)  = 
pw.  Thus,  the  maxima  in  the  number,  weight,  and  Z-distribu- 
ition  curves  are  spaced  along  the  polymerization  degree  axis  in  the 
ratio  of  b:  (b  +  1) :  (6  +  2). 

The  exact  position  of  the  maximum  for  the  weight  distribution 
curve  is  somewhat  uncertain  because  it  arises  from  the  graphical 
differentiation  of  the  cumulative  percentage  curve  at  its  steepest 
part.  However,  the  maxima  for  the  number  of  Z-distribution 
curves  derive  from  less  steep  parts  of  the  cumulative  weight  per¬ 
centage  curve  and  should  be  less  subject  to  error.  Finally,  the 
number  distribution  curve  can  be  graphically  integrated  to  give 
i  cumulative  number  distribution  curve.  This  should  plot  lin¬ 
early  on  a  probability  graph  paper  having  the  same  a  but  a  6 
value  reduced  by  unity  compared  to  the  graph  paper  used  for  the 
weight  distribution  curve.  In  similar  fashion  the  Z-distribu- 
sion  curve  can  be  integrated  and  should  plot  linearly  on  probabil- 
ty  paper  with  b  one  unit  greater  than  for  the  weight  distribution 
curve. 

While  several  checks  on  the  values  of  b  and  a  may  appear  un¬ 
necessary,  actual  experience  in  trying  to  apply  these  various 
criteria  to  existing  distribution  data  has  not  been  too  successful. 
Several  of  the  criteria  may  apply  in  a  given  case  but  complete 
igreement  is  generally  lacking. 

The  foregoing  treatment  has  assumed  that  true  molecular 
weights  are  available  for  the  fractions  under  study.  However, 
nost  of  the  existing  distribution  data  were  based  on  Staudinger’s 
inear  relationship  between  specific  viscosity,  ijsp,  molecular 
veight,  M,  and  concentration,  c: 

77,P  =  K,Mc  (14) 

vhere  K ,  is  the  Staudinger  constant.  For  many  polymers  this 
equation  now  appears  to  be  seriously  in  error.  An  alternative 
viscosity  law,  originally  proposed  by  Mark  (27)  and  subsequently 
verified  experimentally  by  Houwink  (19),  Flory  (18),  Mathes 
[30),  and  Alfrey,  Bartovics,  and  Mark  (1,  5 )  has  the  form: 

[ij]c  -  0  =  KM'  (14A)' 

[ij]c  =  0  is  the  intrinsic  viscosity  or  limiting  value  of  vp  /cas 
he  polymer  concentration  approaches  0,  while  K  and  a  are  con¬ 
stants.  The  value  for  a  usually  lies  between  0.5  and  1.0. 

Flory  (13)  has  emphasized  the  fact  that  for  polymers  whose 
Tactions  obey  Equation  14A,  the  molecular  weight  of  the  hetero¬ 
geneous  polymer  determined  by  viscosity  methods  is  not  equiva- 
ent  to  the  weight-average  molecular  weight,  but  gives  rise  to 
what  he  calls  a  viscosity-average  molecular  weight.  A  second 
:onsequence  of  the  use  of  the  Staudinger  equation  in  cases  where 
;\i  is  less  than  unity  is  that  the  distribution  curve  is  compressed 
dong  the  polymerization  degree  axis.  It  appears  much  narrower 
md  covers  a  much  smaller  range  of  molecular  weights  than  are 
factually  present  in  the  material.  This  apparent  narrowing  of  the 
)bserved  distribution  curve  forces  one  to  choose  a  larger  value  of 
>  than  is  required  by  the  true  molecular  weight  distribution. 

There  are  several  other  devices  which  can  be  employed  in 
:hecking  on  the  accuracy  of  distribution  curves.  For  instance, 
i  comparison  of  the  plots  of  ijst >/c  versus  c  for  fractions  and  for  the 
leterogeneous  polymer  gives  another  check  on  the  value  of  b  in 
Equation  1  (50).  Secondly,  a  detailed  study  of  the  number, 
veight,  and  Z-distribution  curves  allows  one  to  calculate  a  and  b 
)f  Equation  1  and  a  in  Equation  14A.  Both  these  techniques, 
vhich  assume  that  the  true  weight  distribution  curve  is  described 


by  Equation  1  are  beyond  the  scope  of  this  paper,  and  will  be 
treated  elsewhere. 

APPLICATION  OF  PROBABILITY  PAPER  TO  EXPERIMENTAL  DATA 

Mark  has  recently  surveyed  the  literature  on  molecular  weight 
distribution  data,  particularly  in  regard  to  cellulose  and  its  deriv¬ 
atives,  but  also  including  vinyl  compounds  (28).  Most  of  the 
data  referred  to  by  him,  as  well  as  some  appearing  since  his  article 
was  published,  have  been  plotted  on  these  special  probability 
papers.  In  general,  a  reasonably  good  fit  could  be  obtained  by 
the  proper  choice  of  graph  paper,  but  in  no  case  was  there  the 
complete  accord  between  theory  and  experiment  that  might  be 
desired. 


Figure  4.  Cumulative  Weight  Percentage  Curves 

For  four  polystyrene  samples  of  Schulz  and  Dinglinger  listed  in  Table  I. 
Probability  paper  has  a  =  0.995,  b  =  2. 


The  most  extensive  and  apparently  most  reliable  set  of  results 
was  that  obtained  by  Schulz  and  Dinglinger  (43)  on  four  samples 
of  polystyrene.  Their  data  appear  in  Figure  4  using  a  graph  paper 
with  a  =  0.995,  6  =  2.  Except  for  sample  IV,  all  curves  are 
reasonably  satisfactory,  although  none  of  them  passes  through 
the  origin.  The  fit  for  sample  IV  is  considerably  improved  on  a 
graph  paper  with  a.  —  0.995,  6  =  4.  Sample  II  was  fractionated 
twice,  and  both  sets  of  results  are  in  complete  harmony,  thus 
checking  the  consistency  of  their  experimental  technique. 

Several  fractions  from  each  of  these  four  polymers  were  meas¬ 
ured  for  osmotic  molecular  weights,  but  the  distribution  curves 
are  based  on  Staudinger’s  law.  Recalculation  of  curves  I  and  IV 
on  the  basis  of  Equation  14A  (fer  which  a  =  0.90  was  calculated 
from  their  viscosity-osmotic  molecular  weight  data)  made  no 
perceptible  improvement  in  the  fit  of  the  data.  The  straight 
lines  still  failed  to  pass  through  the  origin,  and  still  did  not  have 
the  correct  slope.  A  summary  of  the  history  of  these  four  sam¬ 
ples,  together  with  calculations  concerning  them,  is  collected  in 
Table  I.  It  is  evident  that  the  values  obtained  for  6  show  an  ex¬ 
tremely  wide  variation,  but  that  the  graph  paper  does  a  fair  job 
of  selecting  a  representative  value. 

Schulz  and  Dinglinger  had  concluded  that  these  curves  could 
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Table  I.  Summary  of  Calculations  on  Schulz  and  Dinglinger’s  (43) 
Molecular  Weight  Distribution  Data  on  Polystyrene 


Sample 

i 

II 

III 

IV 

Polymerization  temperature,  °  C. 

132 

132 

132 

140 

Solvent 

Ben¬ 

zene 

Ben¬ 

zene 

Ethyl 

ben¬ 

zene 

None 

Styrene  in  solvent,  % 

20 

20 

20 

100 

Yield  of  polymer,  % 

11 

67 

69 

60 

—  for  polymer 
c 

7.2 

5.9 

3.4 

9. 

for  fractions 

7.5 

5.8 

3.8 

9. 

Pna 

1020 

815 

520 

1540 

Pwb 

1500 

1125 

715 

1880 

b  from  Pw/Pn 

1.15 

1.60 

1 . 65 

3. 

b  from  probability  paper 

2.0 

2.0 

2.0 

4. 

b  from  inflection  points 

2  76 

2.27 

3.0 

3. 

b  from  area  to  Pm  ax  # 

1.25 

2.70 

3.0 

b  from  area  to  Pw 

0 

0.70 

0.70 

1. 

a  From  peak  in  weight  distribution  curve. 
b  From  peak  in  Z-distribution  curve. 


Figure  5.  Cumulative  Weight  Percentage  Curve  for 
Polymethylmethacrylate 

Data  by  Schulz  and  Dinglinger  (.44),  graph  paper  of  or  =  0.995,  6  =  0 


be  fitted  with  6  =  1,  and  hence  decided  that  the  distribution 
arose  from  the  mutual  coupling  of  two  growing  chains.  However, 
their  experimental  curves  were  sharper  than  their  theoretical 
curves  plotted  on  the  same  graphs  (43)  and  calculated  for  6  =  1. 
In  fact,  a  6  value  of  at  least  2  is  needed  to  account  for  the  shape 
of  their  curves.  In  terms  of  branching,  6  =  2  means  a  main 
chain  and  two  branches. 

The  same  authors  have  also  obtained  a  distribution  curve  on  a 
sample  of  polymethyl  methacrylate  (44),  polymerized  as  a  24% 
solution  in  toluene  under  air  at*  158°  C.  to  a  yield  of  35.5%. 
Their  data  are  plotted  in  Figure  5.  With  the  exception  of  the 
highest  molecular  weight  fraction,  the  results  are  reasonably  well 
described  on  a  graph  paper  for  a  =  0.995,  6  =  0.  Again  the 
straight  line  fails  to  pass  through  the  origin.  The  ratio  between 
weight  and  number  average  molecular  weight  is  approximately  2, 
which  makes  6  =  0,  but  the  areas  under  various  portions  of  the 
distribution  curve  are  not  in  correct  proportion.  Schulz  and 
Dinglinger  stated  that  their  curve  was  satisfied  by  a  =  0.99793, 
6  =  2,  although  their  own  efforts  at  curve  fitting  contradict  this 


conclusion.  For  example,  their  plotted  weight  distribution  curve 
lacks  an  inflection  point  on  the  rising  branch,  and  this  is  consistent 
only  with  6=0. 

Figure  6  presents  the  data  on  28  fractions  of  cellulose  acetate 
obtained  by  Sookne  et  al.  (49).  The  first  fraction  could  not  be  re¬ 
dissolved  to  furnish  a  molecular  weight.  Figure  6,  plotted  on  the 


Figure  6.  Cumulative  Weight  Percentage  Curve  for 
Cellulose  Acetate  (49) 

Graph  paper  of  a  ~  0.99,  6  =  0 


assumption  that  this  was  a  true  fraction,  employs  a  graph  paper 
with  a  =  0.99,  6  =  0.  If  this  first  fraction  is  ignored,  and  the  re¬ 
maining  fractions  are  spread  ovfer  100%  total  weight,  a  slightly 
better  plot  is  obtained  for  a  =  0.99,  6  =  2.  The  behavior  of 
cellulose  itself  is  shown  by  Figure  7,  where  cumulative  distribu¬ 
tion  curves  for  cotton  cellulose  and  several  chemically  treated  flax 
celluloses  are  plotted.  These  data,  obtained  by  Straus  and  Levy 
(53)  with  cupriethylenediamine  as  solvent  and  sulfuric  acid  as 
precipitant,  are  best  treated  on  Gaussian  probability  paper.  The 
curves  are  narrow,  thus  corresponding  to  a  high  value  for  6. 

■  There  is  no  a  priori  reason  for  expecting  cellulose  and  its  deriv¬ 
atives  to  follow  the  same  type  of  molecular  weight  distributions 
that  obtain  for  vinyl  polymers.  It  has  been  emphasized  (35,  51) 
that  Spurlin’s  distribution  curve  on  cellulose  nitrate  is  consider¬ 
ably  narrower  than  a  representative  distribution  for  polystyrene. 
Schulz’s  (40)  work  on  nitrocellulose  is  further  confirmation  of  this 
fact.  To  what  extent  this  effect  is  real  or  merely  a  consequence 
of  the  application  of  Staudinger’s  law  cannot  be  decided  now. 
Gralen  and  Svedberg’s  (16)  recent  ultracentrifuge  studies  on  the 
molecular  weights  of  native  cellulose  indicate  much  higher  values 
than  had  previously  been  estimated  by  viscosity  on  extrapolation 
of  the  Staudinger  law.  Moreover,  the  degradation  of  native 
cellulose  incident  to  purifying  it  or  preparing  its  derivatives  will 
alter  the  original  distribution  considerably.  The  calculations  of 
Montroll  and  Simha  (32)  predict  that  a  very  homogeneous  starting 
material  acquires  on  degradation  various  degrees  and  types  of 
heterogeneity,  not  necessarily  represented  by  Equation  1. 

In  addition  to  the  specific  examples  cited  above  a  more  general 
survey  of  the  results  obtained  in  this  study  is  tabulated  in  Table 
II.  The  number  of  fractions,  the  values  of  6  from  the  graph 
paper  and  also  from  the  ratio  of  weight  to  number  average  poly¬ 
merization  degree,  and  a  qualitative  evaluation  (good,  fair,  bad) 
of  the  fit  obtained  on  the  graph  paper  are  included.  The  last 
two  columns  list,  respectively,  the  method  of  determining  molec¬ 
ular  weights  (ultracentrifuge,  osmotic  pressure,  or  viscosity)  and 
the  literature  source. 
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DISCUSSION  OF  RESULTS 


In  general,  most  of  the  avail- 
ole  molecular  weight  distribu- 
'on  data  can  be  accommodated 
ith  some  degree  of  satisfac- 
on  on  the  various  probability 
apers  which  have  been  pre- 
ired.  However,  in  nearly 
rery  case  the  agreement  be- 
yeen  theory  and  experiment 
lrns  out  to  be  largely  illusory, 
more  detailed  study  of  the 
irious  criteria  listed  earlier 
weals  the  following  discrep- 
lcies,  even  in  cases  where  the 
ita  lie  on  good  straight  lines. 

1.  The  line  does  not  pass 
irough  the  origin. 

!  2.  The  slope  of  the  line  is 
it  correct. 

3.  Some  deviation  from 
rearity  may  occur  at  one  or 
ith  ends  of  the  distribution 
irve. 


Table  II.  Summary  of  Fractionation  Data  on  High  Polymers 


Values  of  ba 


Polymer 

No.  of 
Fractions 

From 

Graph 

Paper 

From 

Pw/Pn 

General 
Fit  of 
Data6 

Molecular 

Weight 

Method6 

Reference 

Polyisobutylene 

8 

0 

0 

F 

V 

(.39) 

Polymethyl  methacrylate 

10 

0 

0 

F 

V,  o 

(44) 

Polystyrene 

Made  at  90°  C. 

7 

0 

1 

F 

V 

(.2) 

Made  at  130°  C. 

6 

CO 

CO 

F 

V 

(2) 

Made  at  132°-140°  C. 

8-10 

2-4 

1-4 

F 

v,  o 

Table  1 

Polyvinylchloride 

5 

00 

B 

V 

a  4) 

Polvvinylacetates 

7 

O-l 

2-3 

F 

V 

(7) 

Polvvinylchloride-acetate 

5 

CO 

F 

V 

(9) 

Polymethacrylonitrile 

6 

B 

o 

(24) 

Polyethyleneoxide 

6 

CO 

00 

F 

V 

(46) 

Buna  S-benzene-soluble 

0  • 

B 

u 

(23,  47) 

/3-Amylose  cornstarch 

6 

2 

G 

u 

(6) 

Gelatin 

6 

B 

u 

(25) 

Nitrated  Salep  mannin 

7 

2 

6 

F 

V 

(21) 

Methyl  cellulose 

11 

2 

1 

G 

U,  V 

(48) 

Ethylcellulose 

5 

CO 

F 

V 

(S3) 

Cellulose  acetate 

28 

2 

3 

G 

V,  0 

(49) 

Cellulose  nitrate 

5 

OO 

2 

F 

V,  0 

(40) 

Cellulose  nitrate 

66 

2 

o 

G 

V 

(35,  50) 

Nitrated  cotton  cellulose 

6 

00 

G 

V 

(38) 

Cotton  cellulose 

7 

CO 

00 

G 

V 

(63) 

a  co  High  value  of  b. 
b  B,  bad;  F,  fair;  G,  good. 

c  V,  viscosity;  O,  osmotic  pressure;  U,  ultracentrifuge. 


4.  The  areas  under  the  distribution  curve  out  to  Pn  and  Pw 
•e  not  consistent  with  the  results  given  in  Figure  2. 

5.  The  ratio  Pw/Pn  does  not  agree  with  the  general  shape  of 
le  distribution  curve. 

Some  of  these  discrepancies,  such  as  4  and  5,  are  inherent  in  the 
ita  and  have  nothing  to  do  with  the  use  of  probability  paper, 
Dr  does  it  appear  that  a  wider  choice  of  graph  papers  would 
iminate  the  other  discrepancies.  These  difficulties  may  arise 
Dcause  the  distribution  function  of  Equation  1  does  not  and 
lould  not  apply,  or  because  the  fractionation  data  are  at  fault, 
everal  possible  errors  would  include  use  of  Staudinger’s  equation 
i?tead  of  the  more  general  Equation  14A,  too  few  fractions,  too 
igh  concentrations  of  polymer  during  fractionation,  degradation 
uring  the  experiment,  improper  choice  of  solvents,  etc. 

With  the  vinyl  polymers  it  may  well  be  that  a  series  of 
istribution  curves  is  superimposed.  This  could  arise  from  the 
multaneous  existence  of  two  or  more  distinct  polymerization 
lechanisms,  such  as  branching  and  chain  transfer,  each  of 
hich  mechanisms  might  give  a  different  type  of  distribution 
urve.  Herington  and  Robertson  (18)  have  emphasized  how 
ae  distribution  curve  will  alter  throughout  the  course  of  a 
olymerization  for  only  one  mechanism — namely,  chain  termina- 
on  by  the  mutual  coupling  of  two  growing  chains. 


Figure  7.  Cumulative  Weight  Percentage  Curves  for  Several 
Cellulose  Samples  (53) 

Gaussian  probability  paper 


Several  synthetic  distribution  curves  were  therefore  calculated 
to  determine  their  behavior.  In  one  case  it  was  assumed  that  a 
polymer  consisted  of  two  distinct  species,  each  having  its  own  dis¬ 
tribution  curve,  such  that  there  were  three  parts  of  polymer  with 
a  =  0.995,  6  =  2,  and  one  part  of  polymer  with  a.  =  0.995,  6  = 
0.  The  composite  distribution  curve  was  smooth  and  had  but  a 
single  maxima.  Its  integral  gave  a  perfect  straight  line  (likely 
fortuitous)  on  graph  paper  of  a  =  0.995,  6  =  2,  but  the  line  was 
rotated  clockwise  and  did  not  pass  through  the  origin.  More¬ 
over,  calculation  of  the  parameter  6  by  the  several  methods  pre¬ 
viously  enumerated  gave  values  from  0  to  .  It  is  thus  conceiv¬ 
able  that  the  observed  behavior  of  some  experimental  molecular 
weight  distribution  curves  may  reflect  the  presence  of  different 
polymer  species  arising  from  several  kinetic  mechanisms,  or  from 
variable  extents  of  branching. 

A  further  source  of  disturbance  would  be  a  gradual  increase  or 
decline  in  the  value  of  the  average  polymerization  degree  with  the 
course  of  the  polymerization.  Thus,  in  Table  I,  polystyrene  sam¬ 
ples  I  and  II  carried  to  yields  of  11  and  67%,  respectively,  differ 
in  average  polymerization  degree  by  20%.  While  there  is  no 
other  apparent  difference  in  the  two  distribution  curves,  it  seems 
evident  that  each  must  represent  the  summation  of  many  dis¬ 
tribution  curves.  In  this  same  series  of  polystyrene  samples,  the 
first  three  prepared  in  solvent  showed  on  the  average  a  lower  b 
value  than  No.  IV  made  from  pure  styrene.  The  greater  prev¬ 
alence  of  chain  transfer  in  the  presence  of  solvent  (31)  may  well 
account  for  this  difference  in  behavior. 

In  regard  to  branching,  it  seems  fairly  certain  that  if  present 
it  must  affect  the  shape  of  the  distribution  curve.  It  is  less  cer¬ 
tain  that  a  fractional  solubility  technique  will  reveal  the  true  pic¬ 
ture  of  branching.  Fractionation  experiments  isolate  relatively 
narrow  bands  of  molecular  weights  through  the  marked  depend¬ 
ence  of  solubility  on  chain  length  (46).  This  may  be  rigorously 
selective  for  the  members  of  a  polymer  homologous  series  but  it 
may  fail  in  the  presence  of  branching,  which  would  affect  solu¬ 
bility  independently  of  molecular  weight.  Thus,  Baker,  Fuller, 
and  Heiss  (4)  have  observed  “abnormally  high  solubility”  for 
slightly  branched  polymer  molecules,  as  compared  with  linear 
molecules  of  the  same  chemical  composition.  These  fractionation 
difficulties  would  be  especially  pronounced  if  one  polymer  con¬ 
tained  several  branched  species  or  mixtures  of  branched  and  linear 
chains.  Alfrey,  Bartovics,  and  Mark  (1)  were  recently  able  to 
separate  a  mixture  of  two  polystyrene  fractions  each  having  the 
same  osmotic  molecular  weight  but  coming  from  polymers  pre¬ 
pared  at  different  temperatures.  While  branching  was  not  neces- 
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sarily  involved  in  this  experiment,  gome  additional  factor  besides 
molecular  weight  affected  solubility. 

So  long  as  all  the  branched  species  in  a  heterogeneous  polymer 
are  soluble,  branching  might  be  expected  to  sharpen  a  molecular 
weight  distribution  curve  obtained  by  fractional  precipitation. 
Thus,  the  largest  molecules  would  on  the  average  derive  their 
size  from  numerous  branches  which  would  make  such  molecules 
more  soluble  than  a  linear  molecule  of  the  same  molecular  weight. 


Figure  8.  Distribution  of  Tensile  Strength  Values 
for  50  Samples  of  Saran  Cordage 

Ordinates  represent  percentage  of  samples  which  had  not  failed 
at  indicated  tensile  load. 


The  smallest  molecules  would  presumably  be  less  branched  and 
hence  less  soluble.  The  lowest  and  highest  fractions  would  thus 
be  shifted  toward  the  center  of  the  solubility  distribution.  Molec¬ 
ular  weight  determinations  on  such  fractions  might  be  in  relative 
error  because  of  the  molecular  complexity.  It  is  hoped  that  the 
branching  problem  Miich  is  believed  to  exist  in  vinyl  polymers 
can  be  treated  more  fully  elsewhere.  There  is  some  possibility, 
at  least  with  polystyrene,  that  branching  may  be  connected  with 
the  activation  step,  but  that  linear  molecules  are  also  present 
through  chain  transfer. 

The  safest  assumption  concerning  the  distribution  data  treated 
in  this  report  is  that  the  probability  graph  papers  have  assisted 
in  curve  fitting,  but  that  the  data  do  not  permit  any  decisive 
conclusions  about  polymerization  mechanisms.  (One  might  also 
say  that  a  two-parameter  equation  such  as  Equation  1  is  not 
sufficient  to  describe  distributions  resulting  from  the  inhomogene¬ 
ity  of  the  kinetic  process  superimposed  upon  that  inherent  in  the 
fractionation  technique  employed.)  The  existing  data  uniformly 
demonstrate  the  heterogeneous  nature  of  the  various  high  poly¬ 
mers  studied,  and  do  give  an  estimate  of  the  approximate  range 
of  molecular  weights  present.  It  would  seem  advisable,  however, 
to  repeat  all  the  experimental  work  under  the  guidance  of  current 
improvements  in  high-polymer  theory  and  techniques. 

APPLICATION  OF  PROBABILITY  PAPER  TO  OTHER  TYPES  OF  DATA 

The  special  graph  papers  developed  for  molecular  weight  dis¬ 
tributions  can  be  expected  to  apply  equally  well  to  many  other 
types  of  data  which  follow  an  unsymmetrical  distribution  law. 
One  such  example,  given  in  Figure  8,  applies  to  the  range  in  ten¬ 


sile  strength  values  obtained  on  breaking  fifty  samples  of  Saran 
cordage.  Since  the  tail  of  this  distribution  curve  runs  off  to  the 
left,  the  cumulative  percentage  scale  was  plotted  as  samples  that 
had  not  yet  broken  under  a  given  tensile  load.  Harries,  in  his  I 
studies  on  glass,  derived  a  probability  law  which  suggested  this 
application  (17).  The  graph  paper  used  was  for  a  —  0.99,  6  =  0, 
although  these  parameters  do  not  have  their  usual  significance  I 
in  this  application. 
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Radioactive  Studies 

Analytical  Procedure  for  Measurement  of  Long-Lived  Radioactive  Sulfur,  S  , 
with  a  Lauritzen  Electroscope  and  Comparison  of  Electroscope  with 

Special  Geiger  Counter 
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<  general  quantitative  procedure  for  the  measurement  of  S36  in 
acer  investigations  is  based  on  the  oxidation  of  all  sulfur-containing 
imples  to  the  sulfate  ion  by  the  Carius  procedure  and  subsequent 

irecipitation  as  benzidine  sulfate.  This  precipitate  is  collected  in  a 
secific  manner  and  the  activity  therein  determined  with  either  a 
lodified  Lauritzen  electroscope  or  a  Geiger  counter  especially 
eveloped  for  soft  beta-rays.  A  table  and  an  equation  are  given 
>r  the  self-absorption  of  the  beta-particles  in  this  precipitate.  In 
ertain  respects,  as  compared  to  the  Geiger  counter,  the  modified 
lectroscope  is  better  suited  to  the  routine  measurement  of  low- 
nergy  beta-particles. 

■  A  LTHOUGH  numerous  investigators  have  used  radioactive 
''u\  isotopes  as  tracers,  no  systematic  effort  has  been  made  to 
evelop  simple  quantitative  procedures  for  determining  these 
lements.  Most  investigations  using  radioactive  tracers  have 
ieen  biological  in  nature  and  because  of  the  inherent  variations 
'll  biological  work,  analytical  errors  as  large  as  10  to  15%  are  not 
f  too  great  import.  There  are  four  possible  sources  of  error  in 
Ihie  utilization  of  radioactive  tracers  in  chemical  and  biological 
westigations:  (1)  the  preparation  of  the  sample  for  radioactive 
nalysis,  (2)  the  geometrical  factors  involved  during  detection  of 
he  disintegrations,  (3)  the  statistical  nature  of  the  disintegra- 
,on  process,  and  (4)  the  detection  apparatus  used  for  determina- 
lon  of  the  radioactivity. 

In  numerous  cases  the  errors  resulting  from  the  first  two  sources 
ave  been  considerable;  however,  they  are  usually  avoidable, 
'he  errors  arising  from  the  third  and  fourth  sources  have  been 
abjected  to  mathematical  analysis  (4,  5,11 )  and  during  routine 

iidioactive  analysis  can  be  held  to  about  2%.  Within  readily 
^cognizable  limits,  this  error  is  essentially  independent  of  the 
idioactivity  present  in  the  sample. 

Certain  radioactive  elements  are  intrinsically  more  difficult 
■:  d  determine  than  others,  owing  to  the  nature  and  energy  of  their 
;a,ys.  Because  of  the  low  energy  of  the  radiation,  the  following 
'Our  radioactive  elements  are  among  the  most  difficult  to  deter¬ 
mine  quantitatively: 


Element 

Maximum  Energy  of 

Half-Life 

(TO) 

Emitted  Particles 

Mev. 

Days 

S“ 

0.12  (0-) 

87 

As 

0.05  (I.T.e-) 

90 

C» 

0.14  (0-) 

Approximately  1000  years 

H» 

0.01  (0-) 

Approximately  30  years 

Quantitative  procedures  (about  2%  accuracy)  have  been 
orked  out  for  the  above  low-energy-particle  emitting  isotopes — 
amely,  the  long-lived  radioactive  sulfur,  arsenic,  carbon,  and 
ritium. 

1  First  paper  on  subject  “Radioactive  Studies’*.  Second  will  be  found  on 

age  354. 
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This  paper  considers  and  evaluates  in  detail  a  routine  quantita¬ 
tive  analytical  procedure  that  has  been  developed  for  87-day 
sulfur.  The  radioactive  sulfur  used  in  the  development  of  this 
scheme  was  obtained  from  the  Radiation  Laboratory,  Berkeley, 
Calif. 

The  use  of  a  radioactive  isotope  as  a  tracer  depends  upon  the 
detection  of  a  fractional  number,  of  disintegrations  per  unit 
time.  In  the  case  of  S36  this  means  the  accurate  determination 
of  a  constant  fraction  of  beta-particles  of  average  energy  of  about 
33,000  ev.  This  energy  is  so  low  that  the  betas  are  approxi¬ 
mately  one  half  absorbed  by  a  3  mg.  per  sq.  cm.  layer  and  about 
95%  absorbed  by  10  mg.  per  sq.  cm. 

DETECTION  APPARATUS 

Geiger  Counter.  The  recent  development  of  beta-ray  Geiger 
counters  (2)  filled  with  helium  at  atmospheric  pressure  enables 
them  to  be  constructed  with  extremely  thin  windows,  which  make 
them  especially  suitable  for  the  measurement  of  soft  radiation. 
This  bell-type  Geiger  counter  is  shown  diagrammatically  in  Figure 
1. 

The  entire  detection  apparatus  consisted  of  this  Geiger  counter, 
a  counting  rate  meter  ( 6 ,  9),  and  an  Esterline  Angus  recorder 
(Esterline  Angus  Co.,  Indianapolis,  Ind.).  Two  minor  improve¬ 
ments  were  made  on  the  bell-type  counter:  The  thickness  of  the 
mica  window  was  reduced  from  the  usual  5  to  10  mg.  per  sq.  cm. 

to  2  mg.  per  sq.  cm.  This  exceedingly 
fragile  window  (2.54-cm.  diameter)  was 
protected  from  the  radioactive  sample 
by  means  of  a  brass  guard  ring  (1.91 
cm.,  diameter).  Before  assembly,  the 
copper  cylinder  was  immersed  in  an 
ammonium  polysulfide  solution.  The 
resulting  black  sulfide  Surface  seemed 
to  produce  better  plateau  character¬ 
istics  than  the  usual  bright  copper  or 
copper  oxide  surfaces. 

This  counter  had  a  threshold  at 
about  1600  volts  and  a  180- volt  plateau. 
It  recorded  about  60%  of  the  S36  beta- 
particles  impinging  upon  the  mica 
window.  When  placed  inside  a  2.5- 
cm.  (1  inch)  thick  lead  box,  the  natural 
background  (cosmic  and  local  radia¬ 
tions)  was  20  to  40  counts  per  minute. 

Modified  Lauritzen  Quartz  Fiber 
Electroscope  (7).  An  electroscope 
detects  beta-particles  through  measure¬ 
ment  of  the  ionization  produced  by 
the  inelastic  collisions  of  these  par¬ 
ticles  with  the  air  molecules  inside 
the  electroscope  chamber.  Since  the 
path  length  of  the  low-energy  S36 
beta  in  air  is  not  too  long,  a  con¬ 
siderable  fraction  of  the  total  ioniza¬ 
tion  possible  can  be  collected  by  the 
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Figure  1.  Bell-Type 

Mica  Window  Geiger 
Counter,  Helium- 
Filled 

A.  Mica  window  (2  mg. 

per  sq.  cm.)  coaled 
with  colloidal  graphite 

B.  Brass  guard  ring 

C.  Copper  support  ring 

D.  Copper  cylinder 

E.  i/ 16  inch  glass  bead 

F.  7-mil  tungsten  wire 

G.  20-mil  tungsten  wire 

H.  Picein  wax  seal 

J.  Pyrex  tube 

K,  Tungsten-to-glass  seal 
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electroscope  unit.  In  fact,  when  samples  are  placed  inside 
the  electroscope  chamber,  the  sensitivity  to  S36  of  the  Lauritzen 
electroscope  is  about  the  same  as  of  the  best  designed  bell- 
type  Geiger  counter. 

A  simple  procedure  for  introducing  the  radioactive  samples 
inside  the  electroscope  chamber  was  worked  out. 


Figure  2.  Modified  Lauritzen  Electroscope 
Case 


A.  Window 

B.  Opening  (or  boat 

C.  To  drying  tube  (magnesium  perchlorate) 

D.  Boat  For  drying  agent 

E.  Sleeve  For  sliding  bar 

F.  Sliding  bar  For  introducing  brass  disks 


First  the  region  of  maximum  sensitivity  within  the  electroscope 
chamber  was  determined  by  placing  a  radioactive  sample  at  vari¬ 
ous  positions  inside  the  chamber.  Then  a  simple  brass  case  was 
constructed  which  combined  the  usual  cover  of  the  ionization 
chamber  with  a  sliding-bar  device.  This  sliding-bar  device 
enabled  brass  disks  containing  the  radioactive  samples  to  be 
introduced  in  the  most  sensitive  location  within  the  chamber  in 
a  reproducible  manner.  Brass  was  chosen  as  the  construction 
material,  since  only  about  6  alpha-particles  are  emitted  per  hour 
per  sq.  cm.  of  surface  (1 ). 

In  order  to  increase  the  reproducibility  of  the  electroscope, 
certain  precautions  were  necessary: 

1.  A  small  boat  filled  with  the  drying  agent,  anhydrous  mag¬ 
nesium  perchlorate,  was  kept  continuously  inside  the  chamber; 
this  resulted  in  much  lower  and  steadier  backgrounds.  2.  The 
electroscope  was  kept  in  a  balance  case  inside  a  balance  room. 
The  illuminating  lamp  burned  continuously.  These  measures 
minimized  temperature  fluctuations  to  which  electroscopes  are 
somewhat  sensitive.  3.  When  not  in  use  the  electroscope  was 
kept  continuously  charged.  Before  use  the  electroscope  fiber 
was  discharged  2  or  3  times  by  means  of  a  fairly  strong  sample. 
These  measures  ensured  rapid  attainment  of  electrostatic  equilib¬ 
rium.  The  power  pack  used  to  charge  the  electroscope  consisted 
of  a  simple  voltage-doubler  circuit  (25Z6  tube). 

A  diagrammatic  representation  of  the  modified  case  of  the 
Lauritzen  quartz  fiber  electroscope  is  given  in  Figure  2. 

PREPARATION  OF  RADIOACTIVE  SULFUR  FOR  MEASUREMENT 

For  accurate  radioactive  measurement,  the  low  energy  of  the 
emitted  beta-particles  necessitates  the  isolation  of  a  sulfur- 
containing  compound  in  a  pure  state  and  the  collection  of  this 
compound  in  a  uniform  and  reproducible  manner.  The  proce¬ 
dure  described  was  developed  with  this  in  mind. 


All  the  sulfur-containing  samples  are  oxidized  to  the  sulfate 
ion  by  the  Carius  method  and  the  sulfur  precipitated  as  benzidint 
sulfate;  this  quantitative  procedure  is  described  in  detail  bj 
Niederl  et  al.  (8).  Instead  of  being  evaporated  to  dryness  undei 
reduced  pressure  as  suggested  by  these  investigators,  the  Cariu: 
tube  solution  is  transferred  to  a  30-cc.  beaker  and  evaporated  bj 
means  of  either  an  infrared  lamp  or  an  inverted  hot  plate 
Through  experimentation  it  has  been  found  that  6  to  7  mg.  is  £ 
convenient  amount  of  precipitate  to  handle.  Thus  enough  inac¬ 
tive  sulfur,  usually  as  sulfate  ion,  was  added  to  keep  the  benzidine 
sulfate  weight  above  6  mg. 

A  previously  weighed  filter  paper  circle,  2.22  cm.  in  diameter 
and  prepared  from  Munktell’s  No.  OK  paper,  is  placed  over  s 
fritted-glass  filtering  disk  of  coarse  porosity.  The  paper  is  wettec 
down  with  water,  the  water  pump  is  turned  on,  and  the  glass 
cylinder  is  clamped  in  place  with  small  springs;  thus  when  as¬ 
sembled  the  filter  apparatus  resembles  an  Allihn  filter  tube  (set 
Figure  3).  This  apparatus  is  somewhat  similar  to  that  described 
by  Tarver  and  Schmidt  {12).  The  benzidine  sulfate  is  now  rap¬ 
idly  washed  into  the  glass  cylinder.  Final  rinsings  are  made 
with  95%  alcohol.  The  cylinder  is  removed  and  the  water  pump 
is  turned  off.  The  paper  containing  the  precipitate  is  placed  in  a 
desiccator  and  reweighed,  then  permanently  mounted  by  center¬ 
ing  on  a  brass  disk  (19  mm.  in  diameter)  and  pressing  on  a  brass 
ring  which  fits  snugly  over  the  disk  (Figure  4).  The  activity  of 
the  precipitate  is  then  determined  by  placing  the  assembled  disk 
either  inside  the  electroscope  chamber  by  means  of  the  sliding 
bar,  or  face  down  on  the  guard  ring  of  the  mica  window  of  the 
bell  counter. 

Benzidine  hydrochloride  is  superior  to  barium  chloride  as  a 
precipitant,  owing  to  the  uniformity  of  the  resulting  matlike  pre¬ 
cipitate.  The  combination  of  Munktell’s  filter  paper  and  the 
Corning  fritted  disk  of  C  porosity  results  in  a  very  uniformly  dis¬ 
tributed  precipitate  which  adheres  firmly  to  the  filter  paper. 
Numerous  kinds  of  filter  papers  and  fritted  disks  were  tried  be¬ 
fore  the  above  result  was  obtained.  The  filter  paper  with  and 
without  precipitate  is  reweighed  after  standing  in  a  desiccator 
for  one  hour.  Under  these  conditions  the  weights  are  reproduci¬ 
ble  to  0.05  mg.  In  order  to  prevent  loss  of  weight  due  to  han¬ 
dling,  it  is  necessary  that  the  filter  paper  have  sharp  edges;  this 
is  most  readily  accomplished  by  having  the  circles  cut  by  a  com¬ 
mercial  stationery  concern. 

The  importance  of  the  above  factors  cannot  be  overempha¬ 
sized.  The  energies  of  the  emitted  beta-rays  are  so  low  that  a 
considerable  fraction  of  these  particles  are  absorbed  in  the  benzi¬ 
dine  sulfate.  The  uniformity  of  the  precipitate  reduces  this  self¬ 
absorption  to  a  reproducible  factor  and  the  weighing  of  the  pre¬ 
cipitate  enables  this  factor  to  be  taken  into 
account. 

The  procedure  described  above  is  well 
suited  to  routine  use  in  both  chemical  and 
biological  tracer  work,  since  the  Carius 
method  enables  a  large  number  of  samples 
to  be  oxidized  simultaneously.  By  using  a 
large-capacity  electric  furnace  and  a  time 
clock,  these  oxidations  can  be  done  at  night, 
thus  enabling  one  person  to  make  S36 
analyses  on  about  20  to  40  samples  per 
day. 

Table  I  illustrates  a  typical  set  of  S3S 
analyses  for  both  a  Lauritzen  electroscope 
and  a  Geiger  counter.  Computations  per¬ 
tinent  to  columns  7,  8,  and  9  are  considered 
below. 

RELATIVE  ACCURACY  AND  SENSITIVITY  OF 
RADIOACTIVE  ANALYTICAL  METHOD 

The  appearance  of  a  beta-particle  inside 
a  Geiger  counter  produces  a  discrete  impulse 
or  “count”  which  is  recorded  by  an  auxil¬ 
iary  apparatus.  Thus,  the  number  of 
counts  per  minute  minus  the  natural 
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Carius 

No. 


12 

14 

17 

21 


Table  I.  Typical  Set  of  S36  Analyses  with  Modified  Lauritzen  Electroscope  and  Bell-Type  Mica 

Window  Geiger  Counter 


Net 

Weight 

S,  7  per 

Total 

Activity 

Correction 

Unit 

Weight 

Electroscope 

Activity 

[(d/t)s- 

Factor 

Net 

Disk 

of  Ppt., 

Reading 

Time,  t, 

(d/t). 

(d/t)b) 

(See  Table 

Activ¬ 

No. 

Mg. 

Initial 

Final 

Sec. 

X  102 

X  102 

III) 

S,  T 

ity 

Electroscope  97,  Expt. 

19-P,  3/24/43 

Std-1 

7.00 

45 

55 

173.1 

5.74 

5.68 

1.000 

3.200 

0.563 

45 

55 

174.4 

Std-2 

7.00 

45 

55 

292.4 

3.41 

3.35 

1.000 

1.900 

0. 567 

45 

55 

293.4 

7 

8.70 

45 

55 

312.1 

3.21 

3.15 

0.895 

1.99 

45 

55 

311.0 

9 

6.07 

45 

55 

100.5 

9.91 

9.85 

1.065 

5 . 27 

45 

55 

101.1 

11 

11.25 

45 

50 

1840 

0.273 

0.214 

0.780 

0.16 

12 

8.18 

45 

50 

7100 

0.070 

0.011 

0.925 

0.007 

Backg 

round 

45 

50 

8500 

0.059 

Nil 

Std-1 

45 

55 

175.6 

5.71 

5.65 

3.200 

0. 566 

45 

55 

174.6 

Std-2 

45 

55 

295.7 

3.40 

3.34 

1.900 

0.569 

45 

55 

292.1 

Av. 

0.566 

Geiger  Counter  C  and  Counting  Rate  Meter,  Expt.  19-P,  3/24/43 


Scale  Reading 


Std-1 

3 

69 

Std-2 

3 

41 

Background 

7 

15 

12 

7 

8.70 

3 

41 

14 

9 

6.07 

2 

58 

17 

11 

11.25 

7 

82 

21 

12 

8.18 

7 

20 

Std-1 

3 

68 

Std-2 

3 

42 

Total 

Net 

Activity, 

Activity 

Counts 

(c/m)s  — 

per  Min. 

(c/m)  b 

3450 

3420 

1.000 

3.200 

1070 

2050 

2020 

1.000 

1.900 

1060 

30 

Nil 

2050 

2020 

0.925 

2 '.04 

5800 

5770 

1.045 

5.16 

164 

134 

0.815 

0. 15 

40 

10 

0.945 

0.01 

3400 

3370 

3.200 

1050 

2100 

2070 

1.900 

1090 

Av. 

1070 

mckground  is  a  relative  measure  of 
,he  amount  of  radioactivity  present. 
This  quantity  will  be  denoted  as 


(c/m),  —  (c/m)b  (1) 


vhere  c  denotes  counts,  m  minutes, 

!  sample,  and  b  background.  The 
appearance  of  the  beta-particle 
n  the  neighborhood  of  the  charged 
■epelling  post  of  a  Lauritzen  elec- 
roscope  produces  ionization  which 
iischarges  the  gold-plated  quartz 
iber  at  a  faster  rate  than  its  natural  (background)  rate  of 
lischarge.  Thus  the  reciprocal  of  the  time  for  the  fiber  to 
nove  a  certain  number  of  scale  divisions  in  the  presence 
if  a  radioactive  sample  minus  the  reciprocal  of  the  time  for 
he  fiber  to  move  the  same  number  of  scale  divisions  in  the 
ibsence  of  the  sample  (background)  is  a  measure  of  the 
imount  of  radioactivity  present.  This  quantity  will  be 
lenoted  as 

0 d/t ).  -  ( d/t)b  (2) 

ivhere  d  is  the  distance  traversed  by  the  fiber  in  time  t  in  seconds, 
i  sample,  and  b  background. 

The  relative  sensitivity  of  the  Geiger  counter  and  electroscope 
nay  be  defined  for  comparative  purposes  by  the  following  equa- 
l.ions :  , 


( c/m ),  —  ( c/m)b 

(3) 

( c/m)b 

(d/t),  —  (d/t)b 

(4) 

( d/t)b 

where  the  bar  in  the  denominator  denotes  average  value.  The 
sensitivity  as  defined  by  Equation  4  is  essentially  the  same  for  all 
Lauritzen  quartz  fiber  electroscopes.  These  electroscopes  usu¬ 
ally  possess  an  absolute  sensitivity  such  that  1  millicurie  of  ra¬ 
dium  at  a  distance  of  1  meter  produces  a  movement  of  2  to  5  scale 
divisions  per  minute.  Under  these  conditions  all  Lauritzen  elec¬ 
troscopes  discharge  at  a  rate  of  about  60  times  “natural”  back¬ 
ground.  Thus  the  absolute  sensitivity  is  of  small  import,  since 
there  is  no  appreciable  loss  in  accuracy  in  allowing  the  fiber  of 
the  electroscope  possessing  a  low  absolute  sensitivity  to  discharge 
10  scale  divisions  instead  of  the  20  scale  divisions  one  would  use 
with  electroscopes  of  greater  absolute  sensitivity. 

The  determination  of  experimental  values  for  Equations  3 
and  4  as  a  function  of  relative  concentration  of  radioactive  sulfur 
contained  in  a  constant  weight  (7  mg.)  of  benzidine  sulfate  is  a 
measure  of  the  accuracy  and  relative  sensitivity  of  the  radioactive 
analytical  procedure  for  S35  with  both  the  electroscope  and  Geiger 
counter.  The  concentration  of  the  radioactive  sulfur  was  pro¬ 
gressively  diluted  previous  to  precipitation  by  mixing  known 
volumetric  aliquots  of  both  inert  (carrier)  sulfate  ion  and  sulfate 
ion  containing  S36. 

Table  II  tabulates  the  results  of  duplicate  determinations  for 
both  the  electroscope  and  counter.  The  concentration  of  the 
weakest  radioactive  sample  measured  has  been  arbitrarily  taken 
as  unity.  The  data  show  that  satisfactory  radioactivity  analyses 
can  be  made  with  samples  containing  activities  5  to  200  times  the 
background.  Since  radioactive  sulfur  is  readily  obtainable  with 
high  specific  activity,  this  is  not  a  serious  limitation  of  the  pro¬ 
cedure.  The  data  indicate  that  the  electroscope  is  somewhat 
more  accurate  than  the  counting  apparatus  used  in  this  investi¬ 
gation.  However,  this  difference  would  disappear  on  substitu¬ 
tion  of  a  well-designed  scaling  circuit  for  the  counting  rate  meter. 
The  relative  sensitivities  of  the  instruments  are  essentially  iden¬ 
tical;  that  of  the  electroscope  could  be  increased  somewhat  by 
surrounding  it  with  lead,  2.5  cm.  thick. 

The  absolute  sensitivity  of  both  instruments  is  such  that  10“ 4 
microcurie  of  S35  will  be  of  the  order  of  the  background  in  ac- 
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Table  II.  Radioactivity  Measurements  as  a  Function  of  S3S  Content  of  Sulfate 

(Dilution  experiments.  S35  concentration  in  least  active  sample  is  chosen  as  unity.  Radioactivity  measurements  are  expressed  as 

ratio  of  net  activity  to  average  background.) 


Modified  Lauritzen  Electroscope 

Relative 

Bell-Type  Mica  Window  Geiger  Counter 

Radioactive  Measurements 

Average 

S36  Con- 

Radioactive  Measurements 

Average 

Observed 

Ri 

Av. 

Expected® 

Ri 

deviation, 

% 

centra  tion 

Ci 

Observed 

Ri 

Av. 

Expected® 

Ri 

deviation, 

% 

206 

205 

207 

1.0 

1000 

253 

254 

254 

0.0 

204 

162 

164 

166 

1.5 

800 

255 

210 

208 

203 

2.2 

165 

103 

103 

104 

1.0 

500 

205 

125 

126 

127 

0.8 

103 

82.3 

83.0 

83.2 

0.2 

400 

127 

98 

98.5 

102 

3.4 

83.6 

41.8 

42.0 

41.6 

0.8 

200 

99 

50.2 

50.6 

50.8 

0.4 

42.1 

21.0 

20.9 

20.8 

0.5 

100 

51.0 

25.0 

25.4 

25.4 

0.0 

20.8 

17.2 

16.9 

16.6 

1.5 

80 

25.7 

21.3 

20.8 

20.3 

2.2 

16.5 

10.3 

10.4 

10.4 

0.5 

50 

20.2 

11.8 

12.0 

12.7 

5.5 

10.4 

8.23 

8.15 

8.32 

2.0 

40 

12.2 

11.0 

10.7 

10.2 

4.4 

8.07 

4.30 

4.20 

4.16 

0.8 

20 

10.3 

5.39 

5.33 

5.08 

5.1 

4.11 

2.07 

2.15 

2.07 

3.6 

10 

5.27 

2.39 

2.48 

2.54 

2.4 

2.22 

1.73 

1.69 

1.66 

1.8 

8 

2.56 

1.97 

1.98 

2.03 

2.7 

1 . 65 
1.12 

1.09 

1.04 

4.3 

5 

1.98 

1.35 

1.31 

1.27 

2.8 

1.05 

0.90 

0.88 

0.83 

6.0 

4 

1.26 

0.91 

0.97 

1.02 

5.4 

0.85 

0.41 

0.44 

0.42 

4.8 

2 

1.02 

0.46 

0.50 

0.51 

2.0 

0.47 

0.16 

0.19 

0.21 

9 . 5 

1 

0.54 

0.23 

0.28 

0.25 

12 

0.22 

ca(Ri/Ci)  log  d 

0.32 

This  equation  expresses  the  fact  that  accuracy  of  measurement  increases 

somewhat  with  concentration 

of  radioactivity. 


tivity.  Thus  10“ 3  microgram  of  any  sulfur  compound  can  be 
readily  determined  if  the  specific  activity  is  1  millicurie  of  S3! 
per  10  mg.  of  compound. 

CORRECTION  FOR  WEIGHT  OF  BENZIDINE  SULFATE  PRECIPITATE 

Since  the  beta-particles  emitted  from  S35  have  a  maximum  en¬ 
ergy  of  only  0.12  Mev.,  a  considerable  fraction  of  these  particles 
are  absorbed  in  the  benzidine  sulfate  precipitate.  Thus  it  is  nec¬ 
essary  to  refer  all  radioactive  measurements  to  a  predetermined 
weight,  which  was  arbitrarily  chosen  as  7.00  mg.  or  3.25  mg.  per 
sq.  cm. 

A  correction  chart  was  obtained  by  determining  the  radioac¬ 
tivity  of  constant  concentrations  of  S35  as  a  function  of  the  weight 
of  the  benzidine  sulfate  precipitate;  the  range  was  1  to  25  mg. 
in  1-mg.  intervals.  All  data  are  the  averages  of  triplicate  deter¬ 
minations  (Table  III).  The  values  are  not  quite  the  same  with 
the  electroscope  and  the  Geiger  counter.  Since  the  beta-parti¬ 
cles  are  far  from  monochromatic  and  the  Geiger  counter  counts 
each  particle  that  enters  the  counter,  while  the  electroscope  meas¬ 
ures  the  ionization  resulting  from  a  particle,  the  difference  in  the 
above  results  is  to  be  expected.  Further,  the  electroscope  data 
are  independent  of  the  electroscope  used,  while  the  counter  data 
depend  upon  the  thickness  of  the  mica  window  of  the  bell-type 
counter. 

A  consideration  of  the  magnitude  of  these  correction  factors 
shows  that  the  error  due  to  self-absorption  is  not  appreciable  in 
radioactive  analytical  work,  since  the  benzidine  sulfate  precipi¬ 
tate  is  weighable  to  better  than  0.1  mg. 

The  self-absorption  is  expressed  to  an  excellent  approximation 
by  the  following  equation  (3) : 

I/h  =  (1  -  erai)/2ad  (5) 

where  h  is  a  constant  but  may  be  considered  the  “true”  total 
activity  present  in  the  benzidine  sulfate  precipitate,  d  is  the 
“thickness”  of  the  sample  in  milligrams  per  sq.  cm.,  and  a  is  an 


average  exponential  absorption  coefficient  of  the  following  nu¬ 
merical  value: 

a.  =  0.32  sq.  cm.  per  mg.  (6) 

for  the  electroscope  data.  This  equation  is  derived  in  the  follow¬ 
ing  manner  (Figure  5): 

Let  2 S  be  the  “true”  specific  activity  per  unit  weight  (mg.)  of 
precipitate.  Assuming  exponential  absorption  (7  =  he~ax),  the 
measurable  activity  from  the  weight  element,  AdX,  is 

SAe~axdx  (7) 

since  1/2  of  the  disintegrations  are  directed  downward. 

Thus  the  total  measurable  activity  is 

rd 

I  =  SA  e~axdx  =  SA(  1  -  e~ai)/a  (8) 

Jo 

Since  “true”  total  activity  is 

70  =  2  SAd  (9) 

we  have  by  substituting  (9)  in  (8), 

I/h  =  (1  -  e~ad)/2ocd  (10) 

All  the  approximations  made  in  this  derivation  are  trivial  as 

compared  to  the  assumption  of  exponential  absorption  of  the 
beta-particles.  This  equation  for  the  self-absorption  of  low- 
energy  beta-particles  which  arise  from  radioactive  disintegration 
seems  to  be  experimentally  valid  to  within  2  to  5%. 

EVALUATION  OF  GEIGER  COUNTER  AND  ELECTROSCOPE 

The  data  given  above  show  that  accurate  analytical  results 
can  be  obtained  with  either  the  modified  Lauritzen  electroscope  or 
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>ell-type  mica  window  counter.  In  fact,  on  the  basis  of  aecu- 
acy  and  sensitivity  they  are  essentially  equivalent.  Both  instru- 
aents  will  readily  detect  10" 4  microcurie  of  S35.  In  laboratories 
•here  there  are  a  limited  number  of  personnel  trained  in  elec- 
ronics,  an  electroscope  is  preferable  in  view  of  its  ruggedness  and 
imphcity  of  design.  It  has  been  the  authors’  experience  that 
uring  routine  use  the  entire  counting  apparatus  is  considerably 
iiore  erratic  in  behavior  than  an  electroscope.  An  electroscope 
ill  give  continuous  reproducible  results  until  the  gold  plating 
n  the  quartz  fiber  becomes  broken;  this  phenomenon  is  readily 
^cognizable.  Further,  the  cost  of  a  complete  counting  appara- 
os  is  more  than  tenfold  that  of  an  electroscope.  The  average 
fe  of  an ‘electroscope  under  the  somewhat  drastic  conditions  of 
jlacing  radioactive  samples  inside  the  ionization  chamber  is 
bout  one  year;  thus  it  is  advisable  to  own  two  electroscopes. 
Two  statements  are  sometimes  made  regarding  the  relative 
lerits  of  the  Geiger  counter  and  the  electroscope  which  require 
onsideration: 

1.  Since  it  is  capable  of  detecting  each  individual  disintegra- 
on,  a  Geiger  counter  is  intrinsically  more  sensitive  than  an 
iiectroscope.  This  statement  is  certainly  true  of  the  theoretical 
ounter.  Unfortunately  it  does  not  apply  to  the  practical  case 
f  measuring  low-energy  beta-particles,  since  the  routine  place- 
ient  of  radioactive  samples  inside  Geiger  counters  is  not  con- 
ucive  to  reproducible  counting. 

2.  Since  the  accuracy  of  measuring  activities  of  the  order  of 
ackground  depends  in  part  upon  the  reproducibility  of  this 
ackground,  a  Geiger  counter  is  more  accurate  for  these  deter- 
nnations  than  an  electroscope.  This  deduction  is  based  essen- 
ally  upon  the  fact  that  the  time  variation  in  the  number  of 
osmic  and  local  rays  entering  a  counter  is  less  than  the  time 
ariation  in  the  total  ionization  produced  by  these  same  rays  as 
leasured  by  the  electroscope  ( 4 ,  5,  11).  Actually  the  statistical 
ariations  in  the  background  of  the  electroscope  are  somewhat  less 

than  that  of  counters  de¬ 
veloped  for  the  detection  of 
soft  beta-particles.  This  is 
due  to  the  large  difference 
in  the  “effective  background 
detection  area”  of  the  in¬ 
struments;  the  beta-ray 
counter  enclosed  in  a  lead 
box  records  about  30  back¬ 
ground  counts  per  minute, 
while  the  electroscope  is 
measuring  the  ionization  pro¬ 
duced  by  at  least  200  “back¬ 
ground”  rays  per  minute. 
)uring  two  years,  numerous  background  determinations  have 
een  made  both  with  the  electroscope  and  beta-ray  Geiger  coun- 
sr.  On  a  basis  of  1-hour  determinations,  the  daily  variations 
l  background  were  with  few  exceptions  never  greater  than  10% 
ith  the  beta-ray  counter  and  6%  with  the  electroscope.  Ac- 
urate  determinations  on  samples  containing  activity  of  the  order 
f  the  background  can  be  made  by  measuring  the  sample,  back- 
round,  sample  and  background,  respectively;  this  is  how  the 
ctivities  in  samples  of  concentration  1  to  8  in  Table  II  were 
etermined. 

Since  the  sensitivity  with  respect  to  background  and  the  re- 
roducibility  of  this  background  of  the  modified  electroscope  and 
ell-type  mica  window  counter  are  essentially  identical,  the  times 
squired  to  measure  any  radioactive  sample  to  the  desired  accu- 
acy  with  either  instrument  are  equal.  It  is  of  interest  to  indicate 
he  actual  time  of  measurement.  Samples  with  radioactivity  of 
he  order  of  the  background  necessitate  1  to  3  hours  to  determine 
o  about  5%;  however,  with  these  samples  this  accuracy  is  usu- 
lly  not  necessary  and  15  minutes  will  suffice  for  most  investiga- 
ions.  The  maximum  accuracy  for  both  counter  and  electroscope 
dll  be  with  samples  at  least  10  times  background.  The  time  re- 
uired  to  measure  these  samples  is  a  matter  of  minutes.  Because 
■f  the  necessity  of  equilibrating  the  position  of  the  quartz  fiber, 
ccurate  results  with  samples  containing  radioactivity  in  excess 
I  250  times  background  cannot  be  expected;  depending  on  the 
1  lectroscope,  an  activity  of  this  order  will  discharge  the  fiber  at  a 


rate  of  10  to  20  small  divisions  per  minute.  The  maximum 
counting  rate  for  a  Geiger  counter  depends  on  the  over-all 
quenching  circuit  time  constant.  For  the  specific  counter  and 
auxiliary  apparatus  used  in  these  investigations,  this  rate  was 
12,000  counts  per  minute  (~400  times  background). 


Table  III.  Self-Absorption  of  S35  Beta-Particles 

(Reciprocal  correction  factors  for  weight  of  benzidine  sulfate  precipitate  for 
both  an  electroscope  and  Geiger  counter.  Net  measured  activity  is  to  be  di¬ 
vided  by  these  factors.  The  factor  for  7.00  mg.  of  precipitate  is  defined  as 

unity.) 


Electroscope 

Reciprocal 

Weight 

Correction 

Factor 

Total  Weight 
of  Benzidine 
Sulfate  Ppt. 

Weight  of  Ppt. 

Geiger  Counter 
Reciprocal 
Weight 
Correction 
Factor 

1 . 595 

Mg. 

1 

Mg./sq.  cm. 

0.46 

1.370 

1.465 

2 

0.93 

1.290 

1.350 

3 

1.40 

1.205 

1.245 

4 

1.85 

1 . 150 

1.155 

5 

2.30 

1.095 

1.070 

6 

2.80 

1.050 

1.000 

7 

3.25 

1.000 

0.935 

8 

3.70 

0.955 

0.880 

9 

4.15 

0.910 

0.830 

10 

4 . 65 

0.865 

0.780 

11 

5.10 

0.825 

0.750 

12 

5.55 

0.790 

0.715 

13 

6.00 

0.754 

0.680 

14 

6.50 

0.715 

0.650 

15 

6 . 95 

0.680 

0.625 

16 

7.40 

0.650 

0.595 

17 

7.90 

0.625 

0.570 

18 

8.35 

0.600 

0.545 

19 

8.80 

0.575 

0.520 

20 

9.25 

0.555 

0.500 

21 

9.75 

0.535 

0.480 

22 

■  10.20 

0.520 

0.465 

23 

10.70 

0.500 

0.450 

24 

11.10 

0.480 

0.435 

25 

11.60 

0 . 465 

It  will  be  shown  in  subsequent  publications  that  the  Lauritzen 
electroscope  with  certain  modifications  is  well  suited  for  the 
measurement  of  other  radio  elements  emitting  low-energy  par¬ 
ticles.  Further,  it  is  to  be  recommended  for  use  with  radio¬ 
elements  emitting  high-energy  particles,  since  it  is  usually  not 
difficult  to  obtain  these  elements  with  sufficiently  high  specific 
activity  at  a  reasonably  low  cost.  If  necessary,  the  electroscope 
chamber  could  be  made  gas-tight  and  filled  with  a  high-density 
vapor  such  as  sulfur  dioxide  or  methyl  iodide,  thus  increasing 
the  ionization  produced  by  the  high-energy  particles. 


ACKNOWLEDGMENT 

R.  S.  Halford  of  the  Harvard  Chemical  Laboratories  collabo¬ 
rated  with  the  senior  author  in  designing  the  modified  case  of  the 
Lauritzen  electroscope. 


LITERATURE  CITED 

(1)  Bearden,  J.  A.,  Rev.  Sci.  Instruments,  4,  271  (1933). 

(2)  Brown,  S.  C.,  Good,  W.  M.,  and  Kip,  A.  F.,  Ibid.,  17,  in  press 

(1946). 

(3)  Dodson,  R.  W.,  private  communication. 

(4)  Evans,  R.  D.,  Rev.  Sci.  Instruments,  6,  99  (1935). 

(5)  Evans,  R.  D.,  and  Neher,  H.  V.,  Phys.  Rev.,  45,  144  (1935). 

(6)  Kip,  A.  F.,  Bousquet,  A.  G.,  Evans,  R.  D.,  et  al.,  Rev.  Sci. 

Instruments,  17,  in  press  (1946). 

(7)  Lauritzen,  C.,  and  Lauritzen,  T.,  Ibid.,  8,  483  (1937). 

(8)  Niederl,  J.  B.,  Baum,  H.,  McCoy,  J.  S.,  and  Kuck,  J.  A.,  Ind. 

Eng.  Chem.,  Anal.  Ed.,  12,  428  (1940). 

(9)  Radioactivity  Center,  Mass.  Institute  of  Technology,  Cam¬ 

bridge,  Mass. 

(10)  Seaborg,  G.  T.,  Rev.  Mod.  Phys.,  16,  1  (1944). 

(11)  Strong,  J.,  “Procedures  in  Experimental  Physics”,  pp.  245-8, 

298-304,  New  York,  Prentice-Hall,  1938. 

(12)  Tarver,  H.,  and  Schmidt,  C.  L.,  J.  Biol.  Chem.,  130,  67  (1939). 

Work  done  under  Contract  No.  NDCre-169  between  the  president  and  fel¬ 
lows  of  Harvard  College  and  the  Office  of  Scientific  Research  and  Develop¬ 
ment,  which  assumes  no  responsibility  for  the  accuracy  of  statements  con¬ 
tained  herein. 


Determination  of  Acetone 

An  Ultraviolet  Spectrophotometric  Method 

G.  L.  BARTHAUER,  F.  V.  JONES,  and  A.  V.  METLER 
Field  Research  Department,  Magnolia  Petroleum  Company,  Dallas,  Texas 


A  method  is  described  for  the  determination  of  acetone  in  mixtures 
with  diisopropyl  ether,  isopropyl  alcohol,  and  low-molecular 
weight  mono-olefins.  Essentially  the  procedure  involves  suitable 
dilution  of  the  sample  with  2,2,4-trimethylpentane,  followed  by 
measurement  of  the  optical  density  of  the  diluted  material  at  280 
millimicrons. 

IN  CONNECTION  with  the  production  of  propylene  by  the 
catalytic  dehydration  of  isopropyl  alcohol,  it  was  necessary 
to  develop  a  rapid  and  accurate  method  for  measuring  acetone 
produced  as  a  by-product  of  the  main  reaction.  Low-molecular 
weight  mono-olefins,  diisopropyl  ether,  and  unreacted  isopropyl 
alcohol  were  also  present  in  considerable  quantities  in  the  solu¬ 
tions  to  be  investigated. 

From  the  standpoint  of  both  rapidity  and  accuracy,  a  photo¬ 
metric  method,  based  on  the  absorption  of  ultraviolet  light  by 
acetone,  appeared  to  be  the  most  promising  approach  to  the 
problem. 

Hartley  (4)  bas  reported  the  complete  absence  of  ultraviolet 
bands  (above  the  Schumann  region)  for  isopropyl  alcohol.  Bie- 
lecki  and  Henri  (I)  detected  a  very  slight  continuous  absorption 
for  w-propyl  alcohol  but,  in  the  light  of  subsequent  work  by 
Massol  and  Faucon  (5)  who  showed  that  the  degree  of  absorption 
of  a  secondary  alcohol  was  lower  than  that  of  the  corresponding 
primary,  it  appeared  that  this  absorption  could  be  regarded  as 
insignificant  from  an  analytical  viewpoint. 

Carr  and  Walker  {2)  have  thoroughly  investigated  the  ultra¬ 
violet  spectra  of  mono-olefins  in  the  low-molecular  weight  range. 
In  no  case  does  the  absorption  become  significant  above  260 
millimicrons,  a  wave  length  well  below  the  acetone  absorption 
maximum. 

Despite  a  thorough  search  of  the  literature,  no  data  on  the  ab¬ 
sorption  of  diisopropyl  ether  were  found.  The  absence  of  signifi¬ 
cant  bands,  however,  has  been  proved  experimentally. 

The  absorption  of  ultraviolet  fight  by  acetone  has  been  the 
subject  of  much  study  and  the  authors’  work  has  only  verified 
previous  reports  {6-9). 


EXPERIMENTAL 

Reagents  and  Equipment.  Acetone,  Commercial  Solvents 
(c.p.). 

Diisopropyl  ether,  Eastman  Kodak  No.  1193.  This  material 
was  purified  by  successive  fractionation  and  chemical  treatment 
until  only  a  very  faint  trace  of  acetone  remained. 

Isopropyl  alcohol,  Eastman  Kodak  No.  212,  treated  like  the 
diisopropyl  ether. 

1-Octene’  Connecticut  Hard  Rubber  Company.  Approxi¬ 
mately  99%  pure,  the  remainder  consisting  of  close-boiling  iso¬ 
mers. 

2,2,4-Trimethylpentane  (Iso-octane),  Rohm  and  Haas  mate¬ 
rial,  carefully  purified  prior  to  use  by  means  of  silica  gel  {3). 

All  spectral  measurements  were  made  with  a  Beckman  DUV 
spectrophotometer  equipped  with  a  hydrogen  discharge  source. 
The  wave-length  scale  was  calibrated  with  a  mercury  vapor  lamp 
to  within  ±0.1  millimicron  just  prior  to  use.  Matched  quartz 
cuvettes  (10  mm.)  were  employed  to  contain  the  sample  and  the 

2,2,4-trimethylpentane  reference  solution. 

Scanning  and  Calibration.  Figure  1  is  a  plot  of  experi¬ 
mentally  obtained  transmittancies  against  wave  length  for  a 
solution  of  each  component  in  the  mixture.  A  band  width  of  0.5 
millimicron  was  used  throughout  the  entire  wave-length  range. 

As  can  be  seen,  acetone  showed  a  broad  band  centered  at  ap¬ 
proximately  280  millimicrons.  A  calibration  curve  prepared  at 


this  wave  length  by  plotting  the  so-called  “optical  densities’] 

(log  z)  against  the  corresponding  concentrations  of  acetone  ir 

2,2,4-trimethylpentane  showed  no  significant  deviation  fron 
Beer’s  law. 

CALCULATION  AND  INTERPRETATION 

The  molecular  extinction  coefficient,  k,  of  each  compound  was 
calculated  from  the  foregoing  data,  using  the  familiar  modifiec 
form  of  the  Beer-Lambert  equation, 

Ix  =  I'j  1 0  ~klc 

where  l  represents  cell  length  (cm.),  c  the  molar  concentration 
and  U  and  Ix  the  incident  and  emergent  light  intensity,  respec¬ 
tively.  These  data  are  shown  in  Table  I . 

SYNTHETIC  SAMPLES 

A  series  of  synthetic  samples  containing  varying  amounts  of  th< 
pure  components  was  analyzed  for  acetone  content.  Each  samplt 


Table  I.  Molecular  Extinction  Coefficients  at  280  Millimicron: 


Compound 

Concentration 

T  ransmittancy 

* 

Vol.  % 

% 

Acetone 

1 

5.0 

9 . 5f 

Olefin 

10 

87.8 

0.01 

Diisopropyl  ether 

25 

93.8 

0.01 

Isopropyl  alcohol 

25 

90.0 

0.01 

Table  II.  Synthetic  Sample  Data 

Sample  Composition _  Acetone 


Alcohol 

Ether 

Olefin 

Acetone 

found 

Error 

% 

% 

% 

% 

% 

% 

95.0 

5.0 

5.38 

+  0.38 

90.0 

10.0 

10.22 

+  0.22 

85.0 

15.0 

14.86 

-0.14 

50.0 

15.0 

15.0 

20.0 

20.31 

+  0.31 

10.0 

50.0 

15.0 

25.0 

25.40 

+  0,40 

10.0 

10.0 

50.0 

30.0 

29.68 

-0.32 

250  255  260  265  270  275  280  285  290  295  300 

Wave  Length,  m -q 

Figure  1.  Experimentally  Obtained  Values 
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as  accurately  diluted  with  2,2,4-trimethylpentane  until  the 
ptical  density  obtained  fell  within  the  range  of  the  calibration 
urve.  Reference  to  the  curve  and  the  application  of  the  appro¬ 
bate  dilution  factor  readily  permitted  calculation  of  the  acetone 
oncentration  in  the  original  sample. 

All  values  shown  in  Table  II  were  calculated  from  the  equation 
f  the  best-fitting  calibration  line.  This  equation  was  obtained 
y  the  method  of  least  squares. 

As  can  be  seen  from  Figure  1,  the  rate  of  change  of  the  extinc- 
on  coefficient  of  acetone  is  small  at  its  absorption  maximum, 
'his  would  suggest  the  ready  application  of  filter  photometers 
)r  transmittancy  measurements  despite  the  relatively  broad 
ave  bands  usually  associated  with  such  instruments. 

SUMMARY 

Acetone  may  be  determined  in  the  presence  of  alcohols,  ethers, 
nd  mono-olefins  of  low  molecular  weight  by  measurement  of  the 


spectral  transmittancy  at  280  millimicrons.  The  data  indicate 
that  a  low-cost  filter  photometer  may  be  employed  for  obtaining 
satisfactory  transmittancy  values. 
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Amperometric  Titration  of  Chloride,  Bromide,  and  Iodide 
Using  the  Rotating  Platinum  Electrode 

H.  A.  LAITINEN,  W.  P.  JENNINGS,  AND  T.  D.  PARKS1,  Noyes  Chemical  Laboratory,  University  of  Illinois,  Urbana,  III. 


;  hloride,  bromide,  and  iodide  can  be  titrated  rapidly  in  dilute  solu- 
on  with  silver  nitrate,  using  a  rotating  platinum  electrode  as  the  indi- 
stor  electrode  in  amperometric  titrations.  Wide  variations  in  the 
sncentration  of  acid  or  salts  present  do  not  affect  the  results.  A 
Imdency  toward  low  results  is  observed  with  increasing  dilution, 
hloride  can  be  titrated  in  10~*  N  solution  in  75%  acetone,  bromide 
i  50%  acetone,  and  iodide  in  water. 

HE  use  of  a  rotating  platinum  electrode  in  amperometric 
titrations  (4)  of  arsenite  with  bromate  (6),  silver  with  chlo- 
de  ( 6 ),  and  mercaptans  with  silver  (3)  has  been  described.  Hal¬ 
les  can  be  titrated  in  a  simple  manner  by  measurement  of  the 
iffusion  current  of  silver  ions  during  the  course  of  the  titration, 
'he  end  point  is  determined  graphically  from  a  plot  of  current 
gainst  titration  volume. 

Salomon  (7,  8,  9)  made  a  study  of  “galvanometric  titrations” 
sing  two  silver  electrodes  in  dilute  potassium  chloride  with  an 
.m.f.  of  0.1  volt  applied  across  the  electrode.  When  the 
otassium  chloride  was  titrated  with  silver  nitrate,  practically 
o  current  flowed  until  an  excess  of  silver  had  been  added.  The 
nd  point  was  taken  as  the  point  where  the  sudden  current  in- 
rease  occurred. 

The  dead-stop  end  point  of  Foulk  and  Bawden  ( 1 )  is  based 
pon  the  sudden  polarization  or  depolarization  of  one  or  both 
lectrodes  of  an  electrolytic  cell  in  the  presence  of  th*e  first  small 
xcess  of  reagent. 

Both  the  galvanometfic  and  dead-stop  end  points  are  very 
milar  in  principle  to  the  amperometric  end  point.  However, 
ae  important  new  feature  of  the  amperometric  titration  is  that 
ae  current  is  measured  in  general  on  a  diffusion  current  region  of 
current-voltage  curve.  On  such  a  region,  the  current  is  inde- 
endent-of  the  potential  of  the  electrode  because  of  an  extreme 
:ate  of  concentration  polarization  at  the  indicator  electrode, 
ince  the  concentration  of  material  undergoing  electrode  reaction 
maintained  at  a  value  practically  equal  to  zero,  the  current  is 
mited  by  the  supply  of  fresh  material  to  the  electrode  surface 
y  diffusion.  The  rate  of  diffusion,  and  hence  the  current,  is 
roportional  to  the  concentration  of  diffusing  substance  in  the 
ulk  of  the  solution.  By  using  a  rotating  electrode,  the  diffusion 

!iyer  thickness  is  decreased,  thereby  increasing  the  sensitivity 
nd  the  rate  of  attainment  of  a  steady  diffusion  state.  It  is 

I’  1  Present  address,  Shell  Development  Co.,  Emeryville,  Calif. 


evident  that  a  titration  curve  of  diffusion  current  against  volume 
of  reagent  is,  in  general,  a  straight  line.  (Strictly  speaking,  a 
correction  for  dilution  is  necessary  to  attain  a  linear  relation  be¬ 
tween  current  and  volume  of  reagent,  but  by  working  with  a 
reagent  which  is  tenfold  more  concentrated  than  the  solution 
being  titrated,  the  correction  becomes  negligibly  small.) 

In  titrating  halides  with  silver,  the  potential  of  the  rotating 
electrode  is  made  negative  enough  to  plate  out  silver  ions,  leav¬ 
ing  the  layer  of  solution  next  to  the  electrode  depleted  of  silver 
ions.  The  potential,  however,  must  not  be  negative  enough  to 
give  an  appreciable  current  due  to  the  reduction  of  dissolved  oxy¬ 
gen.  The  range  of  permissible  potential  is  strictly  limited,  as  is 
evident  from  an  examination  of  the  current-voltage  curves  of 
silver-ion  reduction  and  oxygen  reduction  using  a  silver-plated 
electrode  ( 6 ).  The  potential  of  the  saturated  calomel  electrode 
happens  to  lie  in  the  permissible  range,  so  that  it  is  necessary 
only  to  short-circuit  the  rotating  electrode  through  a  suitable 
current  measuring  instrument  to  a  saturated  calomel  electrode  of 
relatively  large  area.  Titrations  in  ammoniacal  medium  are 
carried  out  at  a  more  negative  potential,  to  deposit  the  complex 
diammine  silver  ions.  Fortunately,  the  reduction  curve  of 
oxygen  is  shifted  to  more  negative  potentials  in  ammoniacal 
solution,  and  all  that  is  necessary  is  to  substitute  for  the  satu¬ 
rated  calomel  electrode  a  reference  electrode  of  more  negative 
potential. 

In  the  previous  work  on  the  amperometric  titration  of  silver 
with  chloride  ( 6 ),  a  large  irregularly  fluctuating  current  was  ob¬ 
served  even  in  the  presence  of  a  large  excess  of  chloride  where  the 
silver  ion  concentration  should  be  very  low.  This  current  was 
attributed  to  a  depolarization  of  the  platinum  cathode  by 
colloidally  dispersed  silver  chloride  particles.  It  was  found  that 
the  abnormal  current  could  be  decreased  by  flocculating  the 
precipitate  by  the  addition  of  electrolyte,  and  eliminated  by  the 
addition  of  gelatin.  The  gelatin  causes  the  precipitate  to  become 
peptized  by  protective  colloid  action,  but  the  gelatin-coated 
particles  no  longer  are  reducible  at  the  cathode.  The  gelatin 
also  changed  the  character  of  the  plated  silver  from  a  coarsely 
crystalline  to  a  finely  divided,  adhering  deposit.  With  the 
coarsely  deposited  silver,  a  slowly  drifting  diffusion  current  was 
observed,  while  electrodes  plated  in  the  presence  of  gelatin  gave 
constant  diffusion  currents  for  long  periods  of  time.  The  drift¬ 
ing  effect  is  unimportant  in  amperometric  titrations  if  a  freshly 
cleaned  platinum  electrode  is  used. 
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Table  I.  Titration  of  100  Ml.  of  Chloride 

Normal-  Normal-  Galvanom- 
ity  of  ity  of  eter  Sensi-  AgNOa  Used 

Cl-  AgNOa  tivity  Theory  Experimental  Error 

Ml.  Ml.  % 

Aqueous  Solution,  0.8  N  Nitric  Acid 


0.100 

0.500 

1/50 

20.00 

20.00,  19.68 
19.74, 19.87 

0.0, 

-1.3, 

-1.6 

-0.6 

0.0100 

0.100 

1/50 

10.00 

9 . 99,  9 . 99 
9.95,9.99 

-0.1, 

-0.5, 

-0.1 

-0.1 

0.0100 

0.0500 

1/20 

20.00 

19.82, 19.81 
19.79, 19.86 

-0.9, 
—  1.1, 

-1.0 

-0.7 

0.0100 

0.0500 

1/50 

20.00 

19.99, 20.00 
20.00, 19.99 
19.97 

-0.1, 

0.0, 

-0.2 

0.0 

-0.1 

0 . 0050 

0.0500 

1/50 

10.00 

10.01,  10.02 
9.99,9.99 

+0.1, 

-0.1, 

+  0.2 
-0.1 

0.0020 

0.0100 

1/50 

20.00 

20.00,  19.68 
19.74, 19.87 

0.0, 

-1.3, 

-1.6 

-0.6 

0.0020 

0.0100 

1/20 

20.00 

19.45, 19.46 

-2.8, 

-2.7 

0.0010 

0.0100 

1/20 

10.00 

9.36,  9. 16 
9.41,  9. 10 

-6.4, 

-5.9, 

-8.4 

-9.0 

0.0005 

0.0100 

1/20 

5.00 

4.25,4.29 

4. 19,  4.20 

-15.0, 

-16.2, 

-14.2 

-16.0 

50%  Acetone, 

0.8  N  Nitric  Acid 

0.1000 

0.500 

1/50 

1/20 

20.00 

20.00 

20.00, 19.97 
19.98 

19.95 

0.0, 

-0.1 

-0.2 

-0.2 

0.0100 

0.100 

1/20 

10.00 

9.94,  9.94 
9.93,9.95 

-0.6, 

-0.7, 

-0.6 

-0.5 

0.0100 

0.0500 

1/50 

1/20 

20.00 

20.00 

19.90,  19.89 

19.95. 19.96 

19.94. 19.96 

-0.5, 

-0.2, 

-0.3, 

-0.6 

-0.2 

-0.2 

0.0050 

0.0100 

1/50 

1/20 

10.00 

10.00 

9.96 

9.95, 9.95 
9.94 

-0.4 

-0.5, 

-0.4 

-0.5 

0.0020 

0.0100 

1/50 

20.00 

19.81,  19.83 

19.82,  19.83 

-1.0, 

-0.9, 

-0.8 

-0.8 

0.0010 

0.0100 

1/20 

10.00 

9.71,9.71 

9.73,9.73 

-2.9, 

-2.7, 

-2.9 

-2.7 

0.00050 

0.0100 

1/20 

5.00 

4.84,  4.83 
4.83,4.80 

-3.2, 

-3.4, 

-3.4 

-4.0 

0.00020 

0.0010 

1/20 

1/10 

20.00 

20.00 

19.20,  18.70 
18.87, 18.83 

-4.0, 

-5.7, 

-6.5 

-5.9 

0.0001 

0.0010 

1/10 

10.00 

9.33, 9.05 
9.08,9.05 

-6.7, 

-9.2, 

-9.5 

-9.5 

0.00020“ 

0.0010 

1/10 

20.00 

19.45, 19.47 

-2.8, 

-2.7 

0.00010“ 

0.0010 

1/10 

10.00 

9.75,9.95 

-2.5, 

-0.5 

“  In  75%  acetone. 


EXPERIMENTAL 

Several  types  of  rotating  microelectrodes  have  been  used,  but 
the  most  satisfactory  one  in  the  authors’  experience  was  made 
from  a  cone-drive  laboratory  stirring  motor  essentially  as  pre¬ 
viously  described  ( 6 ).  A  sturdy  piece  of  platinum  wire  (No.  18) 
was  sealed  into  6-mm.  soft-glass  tubing  to  form  an  electrode  5  to 
10  mm.  long.  The  tubing  was  bent  at  right  angles  about  2  cm. 
from  the  end.  A  drop  of  mercury  inside  the  tube  served  to  make 
electrical  contact  to  a  copper  wire  inside  the  glass  tube,  and  con¬ 
nected  at  its  other  end  to  a  brass  sleeve  inside  the  chuck  provided 
with  the  motor.  The  electrical  contact  is  very  important  and 
sliding  or  bearing  contacts  should  be  avoided.  By  inverting  the 
shaft  of  the  Sargent  cone-drive  stirrer,  a  small  cup  is  formed  at 
the  top  end  of  the  shaft.  A  drop  of  mercury  in  the  cup  makes 
direct  metallic  contact  between  the  rotating  shaft  and  the  frame 
of  the  motor  which  is  provided  with  binding  posts. 

The  sensitivity  of  the  current-measuring  device  is  of  some 
importance,  especially  in  chloride  titrations.  Owing  to  the 
solubility  of  the  precipitate,  an  appreciable  current  passes 
through  the  cell  at  the  end  point  and  if  a  very  sensitive  galvanom¬ 
eter  is  used  without  shunting,  a  tendency  toward  low  results  is 
observed.  A  very  convenient  instrument  for  current  measure¬ 
ments  is  the  Fisher  Elecdrppode,  which  was  designed  for  use  with 
the  dropping  mercury  electrode.  It  contains  a  multiple  mirror 
lamp  and  scale  galvanometer,  provided  with  an  Ayrton  shunt 
which  permits  choice  of  a  wide  range  of  sensitivities.  A  micro¬ 
ammeter  of  1 5-  or  30-microampere  range,  or  a  small  enclosed  lamp 
and  scale*  type  galvanometer,  provided  with  a  variable  shunt, 
has  been  found  entirely  satisfactory.  In  general,  the  lowest 
sensitivity  consistent  with  accurate  readings  has  given  the  best 
results. 
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Care  should  be  taken  to  arrange  a  reference  electrode  of  large 
area  (to  prevent  polarization  by  the  passage  of  current)  and  salt 
bridges  of  low  resistance.  In  the  present  work  the  electrode  and 
salt  bridge  were  of  the  type  described  by  Hume  and  Harris  (2). 
The  agar  plugs  were  replaced  by  plugs  of  sintered  glass,  prepared 
from  powdered  Pyrex  ( 5 ) .  F or  titrations  in  ammoniacal  medium, 
the  mercury-mercuric  iodide-potassium  iodide  cell,  described  by 
Kolthoff  and  Harris  (5),  of  potential  —0.23  volt  vs.  saturated 
calomel  electrode,  was  used.  In  typical  titrations,  the  entire 
cell  had  a  resistance  of  the  order  of  1500  to  2000  ohms. 

TITRATION  OF  CHLORIDE 

Standard  solutions  of  sodium  chloride  and  silver  nitrate  were 
prepared  accurately,  using  reagent  quality  salts  which  had  been 
powdered  and  dried  at  110°  for  2  hours.  Curves  for  the  titration 
of  0.1  N  and  0.001  N  chloride  are  shown  in  Figures  1  and  2. 

In  a  series  of  titrations  of  0.01  N  chloride,  the  concentration  ol 
gelatin  was  varied  between  0.01  and  0.4%,  nitric  acid  was  added 
in  concentrations  between  0.08  N  and  3.2  N,  and  sulfuric  acid 
was  added  in  concentrations  between  0.08  N  and  9.2  N.  The 
maximum  variation  in  results  observed  was  0.5%.  Titrations 
of  0.002  N  chloride  in  the  presence  of  0.2  M  barium  nitrate  or  2  M 
potassium  nitrate  did  not  show  interference  by  the  added  salts 
in  the  presence  of  0.1%  gelatin. 

Table  I  shows  data  obtained  for  various  concentrations  oi 
chloride  in  aqueous  solution  and  in  50%  acetone.  In  all  these 
titrations,  100  ml.  of  chloride  solution,  0.8  N  in  nitric  acid,  and 
0.1%  gelatin  were  used.  The  galvanometer  sensitivity  indicates 
the  fraction  of  the  full  sensitivity  (0.01  microampere  per  mm.) 
used  in  each  titration. 

According  to  Table  I,  satisfactory  results  can  be  obtained  down 
to  0.002  N  chloride  in  aqueous  medium,  but  low  results  were 
found  for  lower  concentrations  (15%  low  at  0.0005  N).  In  general, 
the  lowest  galvanometer  sensitivity  consistent  with  accurate 
readings  gave  the  best  results,  since  the  observations  were  taker 
relatively,  far  from  the  end  point  in  titration  of  dilute  solutions. 

Using  50%  acetone  as  the  titrating  medium  the  solubility  oi 
silver  chloride  is  reduced  to  such  a  point  that  10“ 4  N  chloride 
solution  can  be  titrated  with  a  10%  error.  In  75%  acetone,  the 
error  with  10-4  N  chloride  is  reduced  to  3%.  However,  the 
diluting  effect  of  the  additional  acetone  must  be  considered  in 
making  a  comparison,  since  the  original  sample  would  be  diluted 
fourfold  using  75%  acetone  and  only  twofold  using  50%  acetone. 

In  general,  the  use  of  50%  acetone  as  a  titrating  medium  is 
recommended  for  chloride  concentrations  below  about  0.005  N. 

TITRATION  OF  BROMIDE 

The  precision  and  accuracy  of  bromide  titrations  were  checked 
under  conditions  very  similar  to  those  found  suitable  for  chloride. 
Gelatin  was  added  in  the  present  experiments,  although  later 


Figure  1.  Titration  Curve 
1 00  ml.  of  0.1 00  N  NaCI,  0.8  Af  HNOi,  0.1  %  gelatin,  with 
0.500  N  AgNOa 
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100  ml.  of  0.001  IV  NaCI,  0.8  IV  HNO3,  0.1  %  gelatin,  in  aqueous 
solution  with  0.0100  N  AgNOi 


ork  showed  that  the  addition  of  gelatin  was  unnecessary.  The 
romide  titration  curves  were  similar  in  shape  to  those  for  chlo- 
de,  except  that  a  smaller  current  was  observed  before  the  end 
aint,  allowing  a  higher  galvanometer  sensitivity  to  be  used. 
Pure  potassium  bromide  was  prepared  by  thermal  decomposi- 
on  of  reagent  quality  potassium  bromate  in  an  electrically 
3ated  tube  furnace  at  about  400°.  Gravimetric  standardization 
lecked  within  0.1%  the  normality  of  bromide  solution  prepared 
f  using  the  potassium  bromide  as  a  primary  standard  substance. 
Titration  data  for  various  concentrations  of  bromide  in 
lueous  solution  and  in  50%  acetone  using  0.8  N  nitric  acid  and 
1%  gelatin  are  given  in  Table  II.  The  results  in  general  were 
mewhat  low.  In  aqueous  medium,  0.001  N  bromide  can  be 
trated,  while  in  50%  acetone,  0.0001  N  bromide  gave  a  3% 
ror. 

To  prevent  the  interference  of  chloride,  titrations  in  the  pres- 
ice  of  0.01  to  0.02  N  ammonia  were  tried.  It  was  found  that 
01  N  ammonia  could  be  added  without  affecting  the  bromide 
d  point,  using  bromide  concentrations  as  low  as  0.001  N. 


Table  II.  Titration  of  100  Ml.  of  Bromide 


Galvanom- 


'ormality 
of  Br~ 

Normality 
of  AgNOs 

eter  Sensi¬ 
tivity 

Ag 

Theory 

ML 

NOs  Used 
Experimental 
Ml. 

Error 

% 

Aqueous  Solution,  0.8  N  Nitric  Acid 

.009991 

0.0500 

1/20 

19.98 

19.80, 19.86 
19.84, 19.92 

-0.9, 

-0.7, 

-0.6 

-0.3 

.005115 

0 . 0500 

1/20 

10.23 

10.12, 10.13 
10.08 

-1.1, 

-1.5 

-1.0 

. 002046 

0.0100 

1/20 

20.46 

19.96, 19.93 
19.94 

-2.5, 

-2.6 

-2.6 

.001023 

0.0100 

1/20 

10.23 

9.90,  9.96 
9.88 

-3.3, 

-3.5 

-2.7 

.000.512 

0.0100 

1/20 

5.12 

4.91,  4.89 
4.92 

-4.1, 

-3.3 

-4.5 

Silver  Nitrate,  50%  Acet 

one,  0.8  N  Nitric  Acid 

01023 

0  0500 

• 

1/20 

20.46 

20.21,  20.18 
20.32,20.15 
20.36, 20.28 

-1.2, 
-0.7, 
—  0.5, 

-1.4 

-2.0 

-0.9 

.005115 

0 . 0500 

1/20 

10.23 

10.17,  10.14 
10.15,  10.05 
10.09,  10.14 

-0.6, 

-0.8, 

-1.4, 

-0.9 

-1.8 

-0.8 

002046 

0  0100 

1/20 

20.46 

19.9T5,  19.98 
19.93, 19.95 
20.11,  19.95 

-2.6, 

-2.7, 

-1.8, 

-2.3 

-2.6 

-2.6 

001023 

0.0100 

1/20 

10.23 

9.88,  9.90 

9.91,  9.92 

9.92,  9.92 

-3.5, 

-3.2, 

-3.1, 

-3.3 

-3.1 

-3.1 

000512 

0.0100 

1/20 

5.12 

4.98,  4.97 
4.95 

-2.7, 

-3.3 

-2.9 

.00010 

0.0010 

1/5 

10.00 

10.22,  10.26 
10.03 

+  2.2, 
+  0.3 

+  2.6 

Later  work  showed  that  if  bromide  titrations  are  carried  out  in 
the  absence  of  gelatin,  chloride  does  not  interfere,  because  a  cur¬ 
rent  is  caused  by  silver  chloride  particles. 

TITRATION  OF  IODIDE 

A  solution  of  sodium  iodide  was  prepared  from  a  Baker  and 
Adamson  reagent  quality  product  and  standardized  by  oxidation 
with  nitrite,  destruction  of  the  excess  nitrite  with  urea,  and  titra¬ 
tion  with  thiosulfate. 

The  results  of  titrations  in  aqueous  medium,  0.8  N  nitric  acid, 
and  0.1%  gelatin  are  given  in  Table  III.  As  with  bromide,  the 
addition  of  gelatin  was  found  later  to  be  unnecessary. 

The  effect  of  various  concentrations  of  ammonia  on  the  titra¬ 
tion  of  iodide  is  shown  in  Table  IV.  With  0.01  N  iodide, 
even  1  N  ammonium  hydroxide  had  no  effect,  while  with  0.001  N 
iodide  a  10%  error  was  found  using  0.5  N  ammonia  although 
0.1  N  ammonia  had  no  effect.  By  adding  0.1  to  0.3  N  ammonia, 
the  interference  of  bromide  and  chloride  can  be  prevented. 

It  is  concluded  that  iodide  can  be  successfully  titrated  in  nitric 
acid,  neutral,  or  dilute  ammoniacal  medium. 

DISCUSSION 

The  amperometric  method  is  useful  for  the  rapid  titration  of 
halides  in  dilute  solution  and  in  the  presence  of  large  concentra¬ 
tions  of  acid  or  salt.  A  titration  can  be  completed  in  3  to  5 
minutes,  because  the  points  of  most  interest  on  the  titration 
curve  are  those  lying  beyond  the  end  point.  Although  not  a 
highly  accurate  method  in  dilute  solution,  results  accurate  to 
=<=0.1  %  can  be  obtained  in  0.1  N  solutions. 

Compared  with  the  Mohr  and  Fajans  procedures,  the  ampero¬ 
metric  method  has  the  advantages  of  applicability  at  high  dilu¬ 
tions  and  in  acid  or  alkaline  solution.  Compared  with  the  Vol- 
hard  method,  it  has  the  obvious  advantage  of  a  direct  titration 
over  a  back-titration  method. 


Table  III.  Titration  of  100  Ml.  of  Iodide 

Galvanom-  AgNC>3  Used 
Normality  Normality  eter  Sensi-  Experi- 

of  I"  of  AgNC>3  tivity  Theory  mental  Error 

ML  ML  % 


Silver  Nitrate,  Aqueous  Solution,  0.8  N  Nitric  Acid 


0.0100 

0 . 0500 

1/20 

20  00 

19.81, 19.95 

-0.9, 

-0.3 

19.88, 19.91 

-0.6, 

-0.5 

19.96, 19.93 

-0.2, 

-0.4 

19.92 

-0.4 

0.00500 

0.0500 

1/20 

10.00 

9.97,  9.95 

-0.3, 

-0.5 

9.97 

-0.3 

0.00200 

0.0100 

1/10 

20.00 

19.77, 19.75 

-1.1, 

-1.2 

19.75 

-1.2 

o.otnoo 

0.0100 

1/10 

10.00 

9:83,  9.85 

-1.7, 

-1.5 

9.83 

-1.7 

0.00050 

0.0100 

1/10 

5.00 

4.88,  4.87 

-2.4, 

-2.6 

4.87 

-2.6 

0.000050 

0.0010 

1/2 

5.00 

4.35,  4.53  ■ 

-13.0, 

-9.4 

4.82 

-3.6 

0.000020 

0.0010 

1/2 

2.00 

O 

00 

r>-~ 

-11.5,  ■ 

-10.0 

1.77 

-11.5 

Blank 

0.0010 

1/2 

0.00 

0.05 

Table  IV.  Titration  of  100  Ml.  of  Iodide 

Galvanom- 

Normality 

Normalitv 

Normality 

eter  Sensi- 

AgNOs 

of  I- 

of  AgNCb 

of  NHjOH 

tivity 

Used 

Error 

Ml. 

% 

Aqueous  Medium,  Various  Concentrations  of  Ammonia 

0.0100 

0 . 0500 

0.01 

i 

19.64 

-1.8 

1/2 

19.78, 19.67 

—  1.1, 

-1.6 

0.02 

1/2 

19  60, 19.80 

-2.0, 

-1.0 

19.65 

-1.8 

0.  10 

1/2 

19.64, 19.63 

-1.8, 

-1.9 

0.50 

1/5 

19.70, 19.58 

-1.5, 

-2.1 

19.72 

-1.4 

1.0 

1/2 

19.64, 19.65 

-1.8, 

-1.8 

0.00100 

0.0100 

0.01 

1/10 

9.85,  9.86 

-1.5, 

-  1.4 

1/5 

9.92,  9.89 

-0.8, 

-1.1 

0.02 

1/5 

9.89,  9.84 

-1.1, 

-1.6 

0.10 

1/5 

9.76,  9.84 

-2.4, 

-1.6 

9.86 

-1.6 

0.50 

1/2 

9.01,  9.24 

-9.9, 

-7.6 

1.0 

1 

8.44,  8.49 

-15.6, 

-15.1 
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The  potentiometric  method  can  be  applied  in  dilute  solutions 
and  in  general  is  more  accurate  than  the  amperometric  method, 
but  is  considerably  slower.  To  obtain  reliable  results  potentio- 
metrically  it  is  necessary  that  solubility  equilibrium  be  reached 
at  each  point  of  the  curve,  especially  in  the  near  vicinity  of  the 
end  point.  By  titrating  to  an  equivalence  potential,  the  potentio¬ 
metric  method  can  be  made  more  rapid,  but  the  attaimfient  of 
equilibrium  must  be  experimentally  proved, 
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Amperometric  Titration  of  Mixtures  of  Halides 
Using  the  Rotating  Platinum  Electrode 

H.  A.  LAITINEN,  W.  P.  JENNINGS,  T.  D.  PARKS1,  Noyes  Chemical  Laboratory,  University  of  Illinois,  Urbana,  III. 


Iodide,  bromide,  and  chloride  can  be  successively  titrated  in  mixtures 
with  silver  nitrate,  using  the  rotating  platinum  electrode  as  an  ampero- 
metric  indicator  electrode.  Ammonia  is  added  for  the  iodide  titra¬ 
tion,  an  excess  of  acid  is  added  for  the  bromide  titration,  and  gelatin 
is  added  for  the  chloride  titration.  Multivalent  metallic  ions  added 
as  flocculating  agents  do  not  appreciably  affect  the  titration  of  bro¬ 
mide  in  bromide-chloride  mixtures,  Indicating  that  mixed  crystal 
equilibrium  is  not  reached  during  the  rapid  addition  of  silver  nitrate. 
The  amperometric  method  is  much  more  rapid  than  the  potentiometric 
method  for  mixtures  of  halides,  although  not  always  as  accurate. 


CONSIDERABLE  work  has  been  done  in  the  titration  of 
mixtures  of  halides,  especially  by  potentiometric  titrations. 

Bromide  and  iodide  mixtures  were  first  titrated  potentio- 
metrically  by  Behrend  ( 1 ),  who  added  sufficient  ammonia  to  keep 
silver  bromide  in  solution.  He  was  unable  to  determine  bromide 
in  the  presence  of  chloride.  Dutoit  and  von  Weisse  (4)  and 
Pinkhof  (14)  titrated  iodide  in  the  presence  of  bromide  without 
adding  ammonia. 

In  attempts  to  titrate  bromide  in  the  presence  of  chloride, 
Pinkhof  (14)  added  ammonium  carbonate  to  prevent  the  precipi¬ 
tation  of  silver  chloride.  By  using  the 
proper  reference  electrode,  the  titration  was 
carried  out  until  the  bromide  concentra¬ 
tion  was  10“ 3  N,  and  a  correction  of  this 
amount  was  added  to  the  result. 

Liebich  (12)  attempted  to  titrate  mix¬ 
tures  of  halides.  Titration  of  iodide  gave 
high  results  in  the  presence  of  bromide, 
but  accurate  results  were  obtained  in  the 
presence  of  barium  nitrate.  Similar  high 
results  were  found  for  iodide  in  the  pres¬ 
ence  of  chloride,  and  bromide  in  the 
presence  of  chloride.  The  addition  of 
barium  nitrate  or  alum  was  shown  to  im¬ 
prove  the  results.  Clark  (2,  3)  found 
about  a  1%  error  in  bromide  titrations  in 
the  presence  of  an  equal  concentration  of 
chloride  in  the  presence  of  5%  barium  ni¬ 
trate.  He  also  titrated  mixtures  of  bromide 
and  iodide  in  the  presence  of  barium 
nitrate,  and  chloride-iodide  mixtures  with¬ 
out  salt  addition. 

The  high  results  obtained  for  the  more 
insoluble  halide  in  chloride-bromide  or 
bromide-iodide  mixtures  have  been  attrib¬ 
uted  by  Liebich  (12)  and  Muller  (13)  to 
the  formation  of  mixed  crystals  of  silver 
halides  as  shown  by  Kuster  (10)  and 
Thiel  (16)  and  studied  in  detail  by 
Kolthoff  and  Eggertsen  (8) .  Clark  (2, 3) , 

1  Present  address,  Shell  Development  Co., 

Emeryville,  Calif. 


however,  considered  adsorption  to  be  responsible.  Flood  (c 
calculated  the  theoretical  error  due  to  ideal  mixed  crysti 
formation  assuming  (a)  that  the  entire  precipitate  is  in  equilil 
rium  with  the  solution  at  all  times  and  (b)  that  the  precipital 
coagulated  upon  formation,  and  only  the  part  being  precipitate 
at  each  instant  is  in  mixed  crystal  equilibrium.  Flood  an 
Bruun  (6)  applied  the  results  assuming  “ideal  inhomogeneoi 
mixed  crystal  formation”  (case  b)  to  chloride-bromide  mixture 
and  calculated  correction  factors  to  be  applied  to  the  results  as 
function  of  mole  fraction  of  bromide  in  the  mixture.  Thus  for  a 
equimolar  mixture,  the  bromide  result  should  be  1.2%  high  an 
the  chloride  result  an  equal  amount  low.  Flood  and  Bruun  coi 
eluded  that  mixed  crystal  formation  accounted  largely  for  tl 
experimental  results  but  that  adsorption  also  was  a  contributir 
factor.  They  suggested  that  increased  dilution  would  dimink 
the  error  due  to  adsorption. 

Zintl  and  Betz  (17)  titrated  mixtures  of  halides  in  very  dilu 
solution  (about  0.001  N).  Bromide  could  barely  be  titrated 
the  presence  of  10  times  as  much  chloride,  iodide  in  the  present 
of  60  times  as  much  bromide,  and  iodide  in  the  presence  of  50( 
times  as  much  chloride.  Flood  and  Sletten  (7)  and  Schiit; 
(15)  worked  out  techniques  for  detecting  potentiometric  er 
points  in  chloride-bromide  mixtures  which  require  empiric 
corrections  depending  upon  the  composition  of  the  mixture. 

The  potentiometric  titration  method  suffers  from  the  inhere: 
difficulty  that  the  potential  break  for  bromide  in  the  presence 
chloride  is  only  about  0.1  volt  (13). 


Table  I.  Effect  of  Multivalent  Cations  on  Bromide  Titration  in  Absence  and  Presence 


Chloride 

Nor- 

Nor- 

Nor- 

mality 

mality 

mality 

of 

of 

of 

Br* 

Cl- 

AgNOa 

Electrolyte  Present 

AgNOa  Used 

Error 

Ml. 

% 

0.01 

0.1 

9.96,9.90 

9.95,9.96,9.97 

-0.4,  -1.0 

0.2  M  Ba  +  + 

-0.5,  -0.4,  -0 

0 . 005  M  Al  +  +  + 

10.04,9.96 

0.4,  -0.4 

0.005  M  Al  +  +  +,  0.8  N  HNO3 

9.93,9.94 

-0.7,  -0.6 

0.02  M  A1  +  +  +,  0.8  N  HNOa 

10.00 

0.0 

0.002  M  Th+‘ 

10.05, 9.95 

0.5,  -0.5 

0.001 

0.01 

10.01 

0.1 

0 . 002  M  Th  +4 

9.95, 10.04 

-0.5, 0.4 

0.01 

0.1 

0.1 

0.8  N  HNO3 

10.03, 10.03, 10.07 

‘0.3,0.3,07 

0 . 2  M  Ba  +  + 

9.93,  9.92,9.93 

-0.7,  -0.8,  -C 

0.002  M  Al  +  +  +,  0.8  N  HNOa 

10.03, 10.06 

0.3, 0.6 

0.005  M  Al  +  +  +,  0.8  N  HNOa 

10.02, 10.09 

0.2,  0.9 

0.02  M  A1  +  +  +,  0.8  N  HNO3 

10.00, 10.04 

0.0, 0.5 

0.01  M  Th+L  6.8  N  HNO3 

10.05, 10.07 

0.5, 0.7 

0.02  M  Th+4,  0.8  N  HNOa 

10.07,  10.12,  10.12 

0.7,  1.2, 1.2 

0.01 

0.02 

0.1 

0.8  N  HNOs 

10.24, 10.20 

2.4, 2.0 

10.08", 10.01" 

0.8,  0. 1 

0.2  M  Ba  +  +,  0.8  N  HNOa 

10.07, 10.06 

0.7, 0.6 

0.02  M  Al+  +  + 

10.26, 10.22 

2.6, 2.2 

0.02  M  Th+4 

10.07,  10.12 

0.7, 1.2 

0.002 

0.002 

0.02 

0.8  N  HNO3 

9.71 

-2.9 

0.2  M  Ba  +  + 

9.82, 9.58 

-1.8,  -4.2 

0.02  M  A1  +  +  +,  0.8  N  HNOa 

9.43, 9.65 

-5.7,  -3.5 

a  2  minutes  stirring  after  each  ml.  of  AgNC>3  added. 
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Table  III.  Titration  of  Mixtures  of  Iodide,  Bromide,  and  Chloride 


N  ormality 
of  Halide 

Normality 
of  AgN03 

Medium 

Galvanom¬ 
eter  Sensi¬ 
tivity 

AgNOs 

Used 

Error 

0.01  N  I- 

0. 1 

0.1  At  NH, 

1/2 

Ml. 

9.97,  9.94 

% 

-0.3,  -0.6 

0.01  N  Br" 

0.1 

0.8  At  HNOs 

1/5 

10.10,  10.01 

1.0, 0.1 

0.01  N  Cl- 

0.1 

0.1%  gel. 

1/20 

9.86,  9.73 

-1.4,  -2.71 

0. 18  At  I- 

0.1 

0,1  At  NHs 

1/2 

17.91 

-0.5 

0.009  At  Br- 

0. 1 

0.8  At  HNO3 

1/5 

8.92,  8.81 

-0.9,  -2.1 

0 . 003  At  Cl  - 

0.05 

0.1  %  gel. 

1/20 

6.06,  6.01 

1.2,  0.2 

0.003  N  I" 

0.05 

0.1  At  NHi 

1/2 

5.86,  5.93 

-2.3,  -1.2 

0.018  .V  Br- 

0.1 

0.8  At  HNO3 

1/5 

18.10.  18.12 

0.3,  0  6 

0 . 009  N  Cl  - 

0.1 

0.1  %  gel. 

1/20 

8.91  ‘ 

-1.0 

0 . 009  At  I  - 

0. 1 

0. 1  At  NHs 

1/2 

8.98  ■ 

-0.2 

0.003  At  Br- 

0.05 

0.8  At  HNOs 

1/5 

6.07 

1.2 

0.018  At  Cl" 

0.1 

0.1  %  gel. 

1/20 

17.75 

—  1.4 

It  was  to  compare  the  amperometric  and  po- 
■ntiometric  end  points  as  applied  to  the  titra- 
lon  of  halide  mixtures  that  this  study  was 
ndertaken. 

The  amperometric  titration  of  the  individual 
alides  has  been  described  (11).  Silver  bromide 
nd  silver  iodide  do  not  cathodically  depolarize 
le  rotating  platinum  electrode.  Silver  chloride, 
owever,  causes  a  cathodic  current  even  in  the 
1'esence  of  a  large  excess  of  chloride.  Therefore 
is  possible,  in  principle,  to  titrate  either  bromide 
■  iodide  in  the  presence  of  chloride  if  no  gelatin 
added  to  suppress  the  current  due  to  silver 
lloride.  A  chloride  end  point  could  then  be 
Rained  by  adding  gelatin  and  shifting  to  a 
wer  galvanometer  sensitivity. 

To  determine  iodide  in  the  presence  of  bromide,  ammonia  can 
3  added  to  increase  the  solubility  of  silver  bromide  without 
fecting  the  iodide  end  point.  Thus  all  three  halides  can  be 
iccessively  titrated  by  first  adding  ammonia  for  the  iodide 
oration,  then  adding  an  excess  of  acid  and  titrating  the  bromide, 
iid  finally  adding  gelatin  for  the  chloride  end  point. 

EXPERIMENTAL 

The  effect  of  adding  multivalent  metallic  ions  as  flocculating 
jents  on  the  titration  of  bromide  in  the  absence  and  presence  of 
loride  is  shown  in  Table  I.  The  apparatus  and  experimental 
ocedure  have  been  described  (11). 

Although  a  trend  toward  higher  results  for  bromide  in  the 
esence  of  increasing  amounts  of  chloride  is  noticeable,  the 
cculating  ions  in  general  had  no  effect  on  the  end  point.  It 
possible  that  under  the  conditions  of  the  amperometric  titra- 
>n  in  which  the  end  point  is  rapidly  passed  (the  entire  titration 
<es  only  3  to  5  minutes),  mixed  crystal  equilibrium  is  not 
iched  even  though  the  precipitate  is  colloidally  dispersed, 
two  experiments  (Table  I),  the  titration  was  delayed  for  2 
nutes  after  the  addition  of  each  milliliter  of  reagent.  Con- 
iry  to  expectation,  the  results  were  lower  than  for  the  same 
ration  run  rapidly.  The  presence  of  five  or  ten  times  as  much 
loride  as  bromide  led  to  a  flat  titration  curve  with  no  bromide 
I  point.  For  solutions  less  than  0.002  N  in  both  bromide  and 
loride,  low  results  were  obtained  for  bromide.  At  higher  con¬ 
itrations,  a  balancing  of  errors  occurs,  the  “normal”  low  result 
the  amperometric  bromide  titration  being  balanced  by  a 
dtive  error  caused  by  mixed  crystal  formation. 

In  Table  II,  data  are  given  for  several  titrations  of  iodide- 
>mide  mixtures  in  the  presence  of  various  concentrations  of 
monia.  It  appears  that  0.2  N  ammonia  is  too  concentrated 
solutions  of  iodide  more  dilute  than  0.01  N.  In  general,  a 
icentration  of  0.1  N  ammonia  is  suitable  for  all  but  the  most 
d  ite  iodide  solutions. 


T  le  II 

Titration  of  Iodide 

n  Presence  of  Bromide  in  Ammoniacal 

Solution 

Bor- 

Nor¬ 

Nor¬ 

Nor- 

ljty 

mality 

mality 

mality 

if 

of 

of 

of 

r 

Br- 

AgNCh 

NHj 

AgNC>3  Used 

Error 

Ml. 

% 

0  l 

0.1 

9.94 

-0.6 

■ 

oloi' 

0.1 

o',  i 

9.94,  9.93,  9.94 

-0.6,  -0.7, 

-0.6 

0.2 

9.90,  9.96,  9.92 

-1.0,  -0.4, 

-0.8 

B 1 

0 . 05 

0.1 

0.2 

9.88,  9.83,  9.82 

-1.2,  —1.7, 

-1.8 

0  01 

0.001 

0.01 

0.1 

9.99,  9.93 

-0.1,  -0.7 

0.2 

9.64,  9.58 

-3.6,  -4.2 

joi 

0.01 

0  01 

0.1 

9.80,  9.80,  9 . 88“ 

-2.0,  -2.0, 

—  1.2 

0  001 

0  0001 

0.001 

0  05 

10.07,  9.95 

0.7,  -0.5 

0.1 

9.46,  9.31“ 

-5.4,  -6.9 

0.2 

8.77“ 

-12.3 

0.1%  gelatin  added. 


The  results  obtained  in  titrations  of  all  three  halides  are  shown 
in  Table  III.  As  indicated,  a  0.1  A  ammonia  medium  was  used 
for  the  iodide  titration,  followed  by  0.8  N  ammonia  for  the 
bromide  and  0.1%  gelatin  for  the  chloride.  The  galvanometer 
sensitivity  of  about  0.01  microampere  per  mm.  was  cut  by  means 
of  an  Ayrton  shunt  to  V2  for  the  iodide,  Vs  for  the  bromide,  and 
V20  for  the  chloride  titration  to  obtain  a  suitable  residual  current 
line  in  each  titration.  As  a  reference  electrode,  the  mercury- 
mercuric  iodide-potassium  iodide  cell  of  Kolthoff  and  Harris  (9, 
potential —0.23  volt  vs.  saturated  calomel  electrode)  was  used 
for  the  iodide  titration  in  ammoniacal  medium,  followed  by  a 
saturated  calomel  reference  electrode  for  the  bromide  and  chlo¬ 
ride  titrations. 

No  difficulty  was  encountered  except  in  the  bromide  titration 
of  sample  4,  when  only  about  10%  of  the  total  halide  present  was 
bromide.  In  this  case,  the  bromide  curve  was  flat  with  an  in¬ 
distinct  end  point. 

In  Table  IV,  data  are  shown  for  the  analysis  of  three  synthetic 
halide  mixtures  of  varying  composition,  made'  by  one  worker  as 
unknowns  and  analyzed  by  another. 

The  amperometric  method  shows  promise  as  a  rapid  method  for 
the  determination  of  halides  in  mixtures,  although  it  is  not 
always  as  accurate  as  the  slower  potentiometric  method. 


Table  IV.  Analysis  of  Unknown  Halide  Mixtures 


Present  Found 


Sample 

I- 

Br" 

ci- 

I- 

Br' 

ci- 

Mg./lOO  ml. 

Mg./lOO  ml. 

1 

15.15 

155.1 

'  0.43 

15.0 

153.8 

0.62 

2 

2.54 

73.5 

312  0 

2.0 

76.2 

305.6 

3 

121.8 

17.6 

21.3 

121.3 

15.3 

21.4 

LITERATURE  CITED 

(1)  Behrend,  R.,  Z.  physik.  Chem.,  11,  466  (1893). 

(2)  Clark,  W.,  J.  Am.  Chem.  Soc.,  48,  749  (1926). 

(3)  Clark,  W.,  J.  Chem.  Soc.,  1926,  768. 

(4)  Dutoit,  P.,  and  von  Weisse,  G.,  J.  chem.  Phys.,  9,  578  (1911). 

(5)  Flood,  H.,  Z.  anorg.  allgem.  Chem.,  229,  76  (1936). 

(6)  Flood,  H.,  and  Bruun,  B.,  Ibid.,  229,  85  (1936). 

(7)  Flood,  H.,  and  Sletten,  E.,  Z.  anal.  Chem.,  15,  30  (1938). 

(8)  Kolthoff,  I.  M.,  and  Eggertsen,  F.  T.,  J.  Am.  Chem.  Soc.,  61, 

1036  (1939). 

(9)  Kolthoff,  I.  M.,  and  Harris,  W.  E.,  Ind.  Eng.  Chem.,  Anal.  Ed., 

18,  161  (1946). 

(10)  Kuster,  F.  W.,  Z.  anorg.  Chem.,  19,  81  (1899). 

(11)  Laitinen,  H.  A.,  Jennings,  W.  P.,  and  Parks,  T.  D.,  Ind.  Eng. 

Chem.,  Anal.  Ed.,  18,  355  (1946). 

(12)  Liebich,  C.,  dissertation,  Dresden,  1920. 

(13)  Muller,  E.,  “Elektrometrische  Massanalyse”,  p.  115,  Dresden, 

Steinkopf,  1932. 

(14)  Pinkhof,  J.,  dissertation,  Amsterdam,  1919. 

(15)  Schiitza,  H.  S.,  Angew.  Chem.,  51,  55  (1938). 

’(16)  Thiel,  A.,  Z.  anorg.  Chem.,  24,  1  (1900). 

(17)  Zintl,  E.,  and  Betz,  K.,  Z.  anal.  Chem.,  74,  330  (1928). 

This  investigation  was  carried  out  under  the  sponsorship  of  the  Office  of 
Rubber  Reserve,  Reconstruction  Finance  Corporation,  in  connection  with  the 
Government  Synthetic  Rubber  Program. 


Centrifugal  Sedimentation  Method  for  Particle  Size 

Distribution 

A.  E.  JACOBSEN  AND  W.  F.  SULLIVAN,  Titanium  Division,  National  Lead  Company,  Research  Laboratory,  Sayreville,  N.  J. 


The  centrifugal  sedimentation  method  for  particle  size  distribution 
of  materials  in  a  dispersed  system  is  reviewed.  A  preferred  method 
has  been  used  which  is  analogous  to  Oden's  method  of  tangential 
intercepts  for  gravitational  sedimentation.  This  procedure  yields 
the  same  results  as  those  obtained  by  the  variable  suspension  height 
method  but  is  more  convenient  from  the  practical  point  of  view. 
Examples  are  given  to  show  practical  applications  of  the  beaker- 
type  centrifuge  to  the  study  of  relative  dispersion  of  titanium  dioxide 
pigment  in  paint  systems.  The  method  is  of  limited  usefulness  for 
the  determination  of  specific  surface  area  or  the  relative  efficiency  of 
light-diffusing  properties  of  materials  which  are  either  aggregated  or 
irregularly  shaped,  since  Stokes'  law  is  based  on  the  assumption  of 
an  equivalent  spherical  particle.  Electron  micrographs  supplement 
the  sedimentation  studies. 

THE  determination  of  the  particle  size  distribution  of  finely 
divided  material  is  of  practical  and  fundamental  importance 
in  physicochemical  studies.  In  particular,  centrifugal  sedi¬ 
mentation  has  proved  very  valuable  in  determining  the  relative 
distribution  of  pigments  in  paint  vehicles  (7) .  The  theory  under¬ 
lying  the  application  of  sedimentation  data  for  the  calculation  of 
the  particle  size  distribution  has  been  worked  out  (8,  8,  9)  and 
verified  by  comparison  with  the  results  obtained  by  other  methods 

(4,  5). 

From  the  practical  point  o'f  view  the  use  of  a  suitable  dispersion 
technique  for  the  particulate  material  is  of  significance,  since  the 
sedimentation  data  are  of  little  value  unless  a  satisfactory  disper¬ 
sion  has  been  attained.  Hence,  cognizance  must  be  taken  of  the 
nature  of  the  dispersing  agent  used,  and  the  particular  technique 
employed  in  preparing  the  dispersion.  A  further  limitation  is 
the  effect  of  particle  shape.  The  concept  of  “equivalent  spherical 
diameter”  has  been  used  in  all  applications  of  Stokes’  law,  but  it  is 
known  from  electron  micfoscope  studies  that  the  particles  are 
rarely  spherical,  often  being  irregular  aggregates  of  primary 
particles.  In  extreme  conditions  poor  correlation  may  exist  be¬ 
tween  specific  surface  as  calculated  from  particle  size  distribution 
data  and  specific  surface  as  determined  by  independent  methods. 

THEORETICAL 

The  gravitational  method  of  sedimentation  has  proved  suitable 
for  determining  the  particle  size  distribution  of  particles  in  sus¬ 
pensions  where  the  size  range  is  from  about  1  to  50  microns.  The 
procedure  used  involves  the  application  of  Stokes’  law  (4,  5,  11) 
and  Oden’s  method  of  tangential  intercepts  (8,  9). 

The  equating  of  the  frictional  force,  as  given  by  Stokes’  law, 
to  the  gravitational  force  on  the  particle  yields  the  relation 


ivhere  D  —  equivalent  spherical  diameter  of  the  particle 

v  =  coefficient  of  viscosity  of  the  suspension  medium 
h  —  height  of  suspension 
di  =  density  of  particle 
do  —  density  of  suspension  medium 
g  =  gravitational  acceleration 
t  =  time  of  settling 


1  Three  papers  presented  in  the  Symposium  on  Measurement  and  Crea¬ 
tion  of  Particle  Size  at  the  Twelfth  Annual  Chemical  Engineering  Symposium 
of  the  Division  of  Industrial  and  Engineering  Chemistry  are  presented  here, 
pages  360-73.  Other  papers  in  the  symposium  will  be  published  in  the  July 
issue  of  the  Indtjstbiai.  Edition. 


Since  the  usual  method  of  obtaining  data  on  a  polydisperse  sus¬ 
pension  is  to  determine  the  sedimentation-time  curve,  it  is  appar 
ent  that  in  time  f,  all  particles  having  a  diameter  equal  to  o 
greater  than  Dm  will  settle  through  height  h.  In  addition,  a  cer 
tain  fraction  of  the  particles  having  a  diameter  less  than  Dm  wil 
settle  through  a  height  less  than  h.  The  deduction  of  the  sedi 
mented  “fines”  may  be  accomplished  by  Oden’s  method  of  tan 
gential  intercepts  in  which 

F(D)dD  =  (1  -p)+tdJt  (2 

where  p  =  total  weight  fraction  sedimented 
F(D)dD  =  weight  fraction  of  particles  having  a  diameter  be 
tween  D  and  D  +  dD 

For  materials  with  a  particle  size  range  of  approximately  0. 
to  1  micron,  the  ordinary  beaker-type  centrifuge  has  been  en 
ployed  to  determine  the  distribution.  The  essential  point  of  di 
vergence  from  gravitational  sedimentation  is  that  the  force  actin 
on  the  particle  increases  with  the  settling  distance.  As  firs 
shown  by  Svedberg  and  Nichols  (12)  the  gravitational  equatio 
must  then  be  modified  to 

I 

D  =  /  18i7  In  Xj/Xi  gj 

\(dx-doWt 

where  Xi  =  distance  from  the  center  of  rotation  to  a  point  in  tb 
suspension 

£2  =  distance  from  the  center  of  rotation  to  a  second  poir 
in  the  suspension 

w  =  angular  velocity  in  radians  per  second 

The  calculation  of  the  particle  size  distribution  from  the  sed 
mentation-time  curve  was  apparently  first  accomplished  by  Ron 
waiter  and  Yendl  (10)  who  arrived  at  the  equation 


Figure  1.  Sedimentation  of  Titanium  Dioxide  in  Dutch 

Oil  Z2 

Variable  suspension  height  method 
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F(D)dD  = 


R2  -  S2  1  dp 
S 2  In  R2/S 2 1  dt 


(4) 


ere  R  =  distance  from  center  of  rotation  to  bottom  of  cup 
S  =  distance  from  center  of  rotation  to  surface  of  suspen¬ 
sion 


dowever,  this  equation  was  shown  by  Brown  ( 3 )  to  be  invalid 
i  this*  conclusion  has  been  confirmed  by  the  authors.  Thus, 
ce  R  and  S  are  constants,  the  weight  fraction  of  particles  hav- 
diameters  between  0  and  Dm  is  given  by 

F(D)dD  =  JfXlJ  (4') 


Therefore  the  value  of  the  integral  must  run  from  0  to  1  as  the 
tide  diameter  is  increased  from  0  to  oo  .  Direct  application 
me  sedimentation-time  curve,  however,  shows  that  the  term 

~D„ 


values  of  t,  it  is  again  a  small  number  since  the  slope  , 

dt 

aches  0. 


and  hence  the  integral 


i: 


F(D)dD  go  through  a  maxi- 


m,  since  at  low  values  of  t,  t  ^  equals  a  small  number  and,  at 


dp 


ap- 


Irown  was  unable  to  find  a  mathematical  solution  for  the  dis- 
■ution  function  F(D)  when  the  time  of  centrifuging  was  used  as 
triable,  but  did  arrive  at  a  satisfactory  solution  when  the  sus- 
sion  height  (R  —  S )  was  varied.  His  equation  for  cylindrical 
trifuge  tubes  is: 


Dm  F(D)dD  =  (1  -  p)  +  (R  -  S)  ^  (5) 

his  equation  has  been  used  by  the  authors,  and  results  have 

fDm 

r  expressed  as  a  cumulative  curve,  /  F(D)dD  vs.  Dm 

Jo 

ier  than  as  the  distribution  function  itself,  F(D)  vs.  Dm,  since 
latter  would  involve  second  derivatives,  a  procedure  which  is 
rably  not  justified  by  the  experimental  accuracy  achieved. 
i  actual  practice,  however,  it  has  been  found  somewhat  more 
/enient  to  use  a  modified  method  for  the  determination  of  the 
ulative  weight  per  cent  curve.  The  principle  of  this  method, 
’h  has  already  been  pbinted  out  in  the  work  of  both  Brown  (3) 
Martin  (7),  is  that  centrifugal  sedimentation  can  be  made  to 
roach  gravitational  sedimentation  by  making  the  height  of 
•ension  {R  —  S )  small.  This  means  that  the  centrifugal  force 
he  particle  is  taken  to  be  approximately  constant  over  the 
ing  distance.  Hence,  the  mathematical  procedure  is  ident  ical 
i  the  gravitational  calculations,  except  that  the  gravitational 
leration,  g,  is  replaced  by  the  centrifugal  acceleration,  u2R. 
results  obtained  by  this  method  have  been  found  to  check 
;ly  those  obtained  by  the  vai'iable  suspension  height  method 
aany  pigment  dispersions. 

aere  are  two  reasons  for  preferring  to  use  a  small  height  of 
ension  with  variable  time  rather  than  variable  suspension 
tit  and  constant  time.  First,  the  former  method  requires 
iderably  less  sample,  which  is  an  important  factor  where 
ed  quantities  are  available  and,  secondly,  a  wider  particle 
range  can  be  covered  without  having  to  readjust  the  centri- 
conditions.  Thus,  using  the  variable  suspension  height  pro- 
re,  two  or  more  analyses  may  be  necessary  at  different  centri- 
speeds  in  order  to  cover  adequately  the  particle  size  range 
illy  encountered.  From  the  physical  viewpoint  the  require- 
of  sector-shaped  tubes  is  also  more  closely  approached  when 
Suspension  height  is  made  small.  On  the  negative  side  it 
be  considered  that  the  relative  experimental  error  involved 
3asuring  the  height  is  larger  when  the  height  is  small.  Hgw- 
*  bv  carefully  calibrating  the  centrifuge  cups  on  a  volume 
m,  the  error  seems  to  have  been  minimized  as  judged  by  the 


Figure  2.  Cumulative  Weight  Per  Cent  Curve  for  Titanium 
Dioxide  in  Dutch  Oil  Z2 

O  Variable  suspension  height  method,  650  r.p.m. 

A  Variable  suspension  height  method,  350  r.p.m. 

□  Modified  gravitational  method 


reproducibility  of  the  results,  and  their  agreement  with  other 
methods. 


EXPERIMENTAL 

Apparatus.  The  apparatus  used  was  an  International  cen¬ 
trifuge,  size  1,  Type  SB,  equipped  with  115-volt  Transtat  voltage 
regulator  which  was  designed  to  improve  the  constancy  of  the 
rotational  speed.  The  centrifuge  head  holds  eight  chromium- 
plated  cylindrical  cups  (9.20  X  3.58  cm.)  each  having  a  cover  to 
prevent  solvent  evaporation.  The  distance,  R,  from  the  center 
of  rotation  to  the  bottom  of  the  centrifuge  cup  was  21.3  cm.  The 
centrifuge  speed  was  measured  with  a  General  Radio  Strobotac 
and  the  time  of  acceleration  and  deceleration  allowed  for  by  the 
method  of  Marshall  (6).  For  the  centrifuge  speed  used  in  the 
experiments  described,  the  correction  was  one  minute. 

The  pigment  dispersions  were  prepared  by  mixing  titanium 
dioxide  with  an  organic  vehicle  in  the  ratio  of  100  to  54  grams  in  a 
mechanical  mixer  for  60  minutes.  The  mixture  was  then  put 
through  a  three-roll  laboratory  paint  mill  with  the  rolls  set  at 
0.075  mm.  (0.003  inch)  and  finally  diluted  to  approximately  3% 
solids  with  mineral  spirits.  The  pigment  suspension  was  analyzed 
by  pipetting  a  10-ml.  aliquot  into  a  weighed  crucible,  burning  off 
the  organic  matter,  and  weighing  the  ignited  residue  as  titanium 
dioxide.  In  the  case  of  the  centrifuged  samples  the  supernatant 
suspension  was  carefully  separated  from  the  sedimented  material 
and  mixed  before  sampling.  Since  the  suspension  is  dilute,  the 
per  cent  sedimented  may  be  calculated  in  the  following  manner: 

or  ,]•  .  j  ,  „„  weight  of  sediment 

%  sedimented  -  lOOp  =  - — &.  ,x  ,  x  ,  .  X  100  = 

weight  of  total 


weight  of  total  —  weight  in  suspension 
weight  of  total 


X  100 


(GTi02)ipitial  (Gt102)s' 

( l^TiO  2  (initial 


X  100 


where  (Ctio2)  =  concentration  of  Ti02  in  grams  per  liter. 


Comparisons  of  Methods.  In  applying  the  variable  suspen¬ 
sion  height  method  it  was  found  convenient  to  modify  Equation  5 
to 
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Table  I.  Sedimentation  of  Titanium  Dioxide 

f  D  m 


R-S 

100  X 
(1  -  p) 

100(1  -  p) 

Tangential 

Intercept3 

100  /  F(D)dD 

Jo 

Dm* 

Cm. 

•  % 

% 

% 

% 

M 

1.00 

0.94 

1.9 

-  3.5 

5.4 

0.17 

3.00 

21.1 

42.2 

-14.5 

56 . 7 

0.30 

5.00 

46.6 

93.2 

10.0 

83.0 

0.40 

7.00 

56.0 

112.0 

29.5 

83.5 

0.46 

a  Values  taken  from  Figure  1. 
f>  From  Equation  3,  using  Xi  = 

S.  Xt  =  R.d 

=  4.20  grams  per  cc. 

,  do  — 

0.80  grams  per  cc.  and  n  =  0.0096  poise  at  25°  C.  we  have: 


Dm  — 


18  X  0.0096  X 

-.303  log  21  3  J.  (ff   S) 

I  (4.20  -  0.80)  | 

(2-k  X  650  ^ 

| 2  30  X  60 

l  60  J 

Dm 


^1.400  log 


21.3 

21.3  -  (R  -  S) 


microns 


carried  out  with  the  previous  suspension,  so  that  a  comparis< 
between  the  two  methods  might  be  made.  In  order  to  apply  tl 
intercept  method,  Equation  2  was  changed  to 

F(D)dD  =  1  —  tangential  intercept  (2 


and  Equation  1  to 


I  18t j(R  -  S) 

\  id,  -  :dowm 


The  results  are  summarized  in  Table  II. 

The  cumulative  weight  per  cent  curve  is  also  shown  in  Figure 
The  close  agreement  with  the  variable  suspension  height  meth 
is  evident.  It  should  be  mentioned  in  connection  with  the  pre 
sion  of  the  modified  gravitational  method  that  a  check  analy 
on  a  portion  of  the  original  suspension  showed  an  absolute  eri 
not  greater  than  1%. 


Dm 

F{D)dD  =  2(1  —  p)  —  tangential  intercept  (S') 

where  the  tangential  intercept  is  that  obtained  from  the  100(1  — 
p)  versus  ( R  —  S)  curve. 

The  results  summarized  in  Table  I  were  obtained  using  a 
centrifuge  speed  of  650  r.p.m.  with  a  time  of  30  minutes.  The 
dispersion  medium  was  a  linseed  oil  vehicle  (National  Lead  Com¬ 
pany,  Dutch  Oil  Z2). 

These  results,  however,  cover  only  the  particle  size  interval 
from  0.17  to  0.46  micron  and  leave  an  appreciable  fraction  of  the 
distribution  unaccounted  for.  Hence,  with  the  variable  suspen¬ 
sion  height  method,  a  second  analysis  was  necessary  using 
different  conditions — viz.,  350  r.p.m.  and  a  time  of  30  minutes. 
The  end  results  are  expressed  together  with  those  of  Table  I  in 
the  form  of  a  cumulative  weight  per  cent  curve  (Figure  2). 

The  modified  gravitational  method,  using  (R  —  S)  —  1  cm.  was 


Figure  3.  Sedimentation  Curve  of  Titanium  Dioxide  in  Dutch 

Oil  Z2 

Modified  gravitational  method 


Figure  4.  Electron  Micrograph  of 
Titanium  Dioxide,  X  15,000 


O  Modified  gravitational  method 
A  Electron  micrograph  count  method 
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Time 

Table  II. 

100  X 

Sedimentation  of  Titanium  Dioxide 

f  Dm 

Tangential  100  /  F(D)dD 

p  Intercept"  JO 

Dmb 

Min. 

% 

% 

% 

2 

10.3 

0 

100 

1.24 

5 

17.8 

2.5 

97.5 

0.78 

10 

29.2 

7.5 

92.5 

0.55 

20 

54.3 

19.5 

80.5 

0.39 

40 

80.8 

52.0 

48.0 

0.28 

60 

89.0 

70.5 

29.5 

0.23 

90 

94 . 5 

87.0 

13.0 

0  18 

120 

97.0 

94.5 

5.5 

0.15 

1  Values  taken  from  Figure  3. 

From  Equation  1'  using  r,  =  0.0096  poise,  (R  —  S)  =  1  cm.,  d\  =  4.20 
tns  per  cc.,  do  =  0.80  gram  per  cc.,  R  =  20.8'cm.,  w  =  radians  per 


Milled 

Table  III. 

Effect  of  Milling 

Not  Milled 

f  Dm 

100  /  F(D)dD 

Jo 

Dm 

[Dm 

100  /  F(D)dD 

Jo 

Dm 

% 

% 

M 

14.3 

0.20 

5.6 

0.20 

45.0 

0.30 

29.2 

0  30 

67.2 

0.40 

55.7 

0.40 

81.0 

0.50 

75.0 

0.50 

96.7 

1.00 

95.0 

1.00 

.lthough  the  agreement  between  the  two  methods  lends 
lence  to  the  fundamental  “correctness”  of  the  distributions 
ved  at  by  means  of  the  centrifuge,  it  was  thought  advisable 
iheck  the  results  by  an  independent  method.  A  series  of 
tron  micrographs  was  taken  of  the  pigment  from  which  a 
tide  size  distribution  was  made  by  the  count  method  ( 1 ). 
r  500  particles  were  counted.  The  specimens  for  the  electron 
roscope  were  made  by  incorporating  a  small  amount  of  the 
inal  paint  with  collodion  which  was  used  as  a  supporting  film, 
ypical  micrograph  is  shown  in  Figure  4.  The  particle  size 
ribution  is  represented  graphically  in  Figure  5  for  comparison 
i  the  centrifuge  data.  The  comparative  results  are  in  reason- 
■  agreement,  considering  the  divergence  in  technique. 

PRACTICAL  APPLICATIONS 

ffect  of  Milling.  To  illustrate  that  the  method  of  prepar- 
the  dispersion  is  of  fundamental  importance  and  has  to  be 
ddered  with  any  data  given  on  particle  size  distribution,  two 
ersion  procedures  were  used  for  the  same  pigment.  In  both 
s  a  60-minute  mix  was  carried  out  in  a  small  mechanical  mixer 
g  a  linseed  oil-tung  oil  vehicle  (known  to  the  paint  trade  as 
-1215,  which  was  developed  by  the  Technical  Service 
oratories  of  the  Titanium  Pigment  Corp.,  New  York,  N.  Y.). 
half  of  the  pigment  paste  was  subsequently  put  through  the 
ratory  paint  mill  and  the  other  half  was 
The  cumulative  weight  per  cent  distribu- 
3,  as  determined  by  the  modified  gravita- 
al  method,  are  given  in  Table  III.  These 
show  that  milling  has  the  effect  of  pro¬ 
ng  a  finer  particle  size  d  stribution. 
ature  of  Dispersing  Vehicle.  Since  in 
practical  preparation  of  paint  dispersions, 
de  variety  of  vehicles  are  available,  the 
ibution  obtained  will  depend  also  on  the 
cle  used.  As  an  example  another  titanium 
ide  pigment  was  dispersed  according  to 
(previously  described  procedure  in  both  a 
•h  Oil  Z2  and  a  linseed  oil-tung  oil  vehicle 
-1215).  The  cumulative  weight  per  cent 
ibutions,  as  determined  by  the  modified 
itational  method,  are  given  in  Table  IV. 
lese  data  again  emphasize  the  relationship 
'een  the  particle  size  distribution  and  the 
irsion  conditions. 


Influence  of  Particle  Shape.  Electron  micrograph  studies 
of  various  titanium  dioxide  pigments  have  shown  that  the  pig¬ 
ment  particles  are  invariably  aggregates  of  primary  particles. 
As  an  extreme  case  it  is  possible  to  have  approximately  the  same 
particle  size  distribution  for  two  different  pigments,  one  of  which 
is  composed  of  aggregates  having  very  small  primary  particles 
and  the  other  composed  of  aggregates  having  large  primary  parti¬ 
cles.  The  cumulative  weight  per  cent  distributions,  using  a  lin¬ 
seed  oil-tung  oil  vehicle  (VM-1215),  are  summarized  in  Table  V. 

Electron  micrographs  (Figure  6)  indicate  that  the  particulate 
material  in  the  pigment  composed  of  small  primary  particles  has  a 
more  open  structure  and  hence  considerably  more  specific  surface. 

The  particle  shape  may  also  be  a  factor  where  the  number  of 
particles  in  an  aggregate  is  approximately  the  same,  but  the 
shapes  of  the  primary  particles  differ  widely.  The  following 
example  shows  the  cumulative  weight  per  cent  distribution  for  a 
pigment  composed  of  acicular  primary  particles  and  one  having 
approximately  spherical  particles.  The  vehicle  is  again  VM- 
1215. 

The  corresponding  electron  micrographs,  as  shown  in  Figure  7, 
illustrate  the  difference  in  particle  shape.  Surprisingly  enough, 
those  pigments  have  approximately  the  same  hiding  power  {2). 
It  is  therefore  apparent  that  complete  reliance  on  sedimentation 
data  would  again  lead  to  error  in  the  evaluation  of  these  products. 

CORRELATION  WITH  OTHER  PROPERTIES 

Specific  Surface.  An  estimate  of  the  specific  surface  from  a 
study  of  electron  micrographs  in  comparison  with  the  specific 


Table  IV. 

Dutch  Oil  Z2 

f Dm 

100  /  F(D)dD 

Jo 

Effect  of  Dispersing  Vehicle 

Linseed  Oil-Tung  Oil  (VM-1215) 
[Dm 

100  /  F(D)dD  D,n 

Dm  Jo 

% 

% 

12.0 

0  15 

3.0 

0.  15 

41.5 

0.20 

20.0 

0.20 

71.5 

0.30 

51.5 

0.30 

87.0 

0.40 

72.5 

0.40 

93.0 

0.50 

84.5 

0.50 

100.0 

1.00 

97.5 

1.00 

Table  V. 

Influence 

of  Particle  Shape 

Large  Primary  Particles 

Small  Primary  Particles 

f  Dm 

[  Dm 

100  /  F(D)dD 

100  /  F(D)dD 

Jo 

D  m 

Jo 

Dm 

% 

M 

%. 

M 

11.2 

0.20 

13.1 

0.20 

42.1 

0.30 

38.2 

0.30 

59.9 

0.40 

59.1 

0.40 

75.9 

0.50 

69.7 

0.50 

92.8 

1.00 

90.8 

1.00 

Figure  6.  Electron  Micrographs  of  Titanium  Dioxide,  X  15,000 

Left.  Large  primary  particles.  Right.  Small  primary  particles 
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Figure  7.  Electron  Micrographs 
Left.  Acicular  particles.  Right. 


of  Titanium  Dioxide,  XI  5,000 

Approximately  spherical  particles 


SUMMARY 

The  centrifugal  sedimentation  method 
based  on  proved  fundamental  principles,  t 
making  it  suitable  for  determining  cumula' 
particle  size  distribution  of  particulate  mate 
in  dilute  suspensions. 

A  modified  centrifugal  sedimentation  i 
eedure  has  been  employed  in  which  the  a 
lytical  results  agree  with  the  results  obtai 
by  the  variable  suspension  height  method  . 
with  electron  micrographic  count. 

Examples  have  been  presented  to  show  ( 
practical  use  of  the  method  for  physicochem. 
studies  dealing  with  the  dispersion  of  titan: 
dioxide  pigments  in  organic  vehicles. 


Tabic  VI. 

Influence 

of  Particle  Shape 

Acicular 

Approximately 

Spherical 

r Dm 

100  /  F(dD)D 

Jo 

Dm 

f  Dm 

100  /  F(D)dD 

Jo 

Dm 

%  • 

% 

30.0 

0.20 

9.7 

0.20 

49.3 

0.30 

62.7 

0.30 

67.1 

0.40 

81.0 

0.40 

73.0 

0.50 

86.8 

0.50 

88.7 

1.00 

98.0 

1.00 

Table  VII.  Specific  Surface 

Large  Primary  Small  Primary 

Particles  Particles 

Sq.  m.  per  gram 

Centrifugal  sedimentation  4.7  4.8 

method 

Electron  micrograph  5  10 

method 


surface  calculated  from  centrifugal  sedimentation  data  is  given 
in  Table  VII.  In  the  case  of  the  former  a  particle  size  distribu¬ 
tion  by  the  count  method  was  made  considering  as  far  as  possible 
only  the  primary  particles.  Figure  8,  which  is  a  second  electron 
micrograph  of  the  pigment  shown  in  Figure  6  (right),  was  used 
for  the  count.  This  differs  from  the  latter  figure  in  that  the  dry 
pigment  was  vigorously  ground  in  an  agate  mortar  in  order  to  de- 
aggregate  it  as  much  as  possible.  The  equation  employed  for  the 
determination  of  specific  surface  from  size  distribution  data  is 


where  W%  =  per  cent  by  weight  of  the  total  pigment  per  given 
fraction 

D  =  mean  diameter  for  the  size  intervals  in  microns 
S  =  summation  of  fractions  in  the  size  distribution 
d  =  density  in  grams  per  cc. 

*8  =  specific  surface  in  square  meters  per  gram 

A  limitation  of  the  centrifugal  method  as  far  as  disclosing  the 
inherent  nature  of  the  material  is  clearly  indicated  here. 

Hiding  Powee.  From  a  practical  point  of  view,  aggregate 
shape  and  size  are  important  factors  involved  in  the  light-diffusing 
properties  of  paints.  A  measure  of  this  property  can  be  made  by 
determining  the  hiding  power  of  the  paint.  Referring  to  the  pair 
of  paints  on  wThich  data  have  been  presented  in  Table  V  (which 
for  all  practical  purposes  show  close  agreement),  the  pigment 
with  large  primary  particles  has  10%  greater  hiding  power  than 
the  pigment  in  which  the  particles  are  composed  of  small  primary 
particles.  On  this  basis  it  would  be  a  fallacy  to  rely  completely 
on  sedimentation  studies  for  depicting  light-diffusing  qualities  of 
particulate  materials. 


Figure  8.  Electron  Micrograph  of  Titanium 
Dioxide,  XI  5,000 

Small  primary  particles,  ground  in  agate  mortar 


Limitations  of  the  sedimentation  method  for  the  determina 
of  specific  surface  area  and  the  hiding  power  of  particu 
material  which  are  aggregated  or  nonspherical  in  shape  1 
been  emphasized. 
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Particle  Size  by  Spectral  Transmission 
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imple  method  has  been  developed  for  determining  two-param-  bution  curve  correspond  to  the  volume  of  material  in  a  given 

size  distributions  from  transmissions  measured  in  the  visible  S3ze  ran§e  an<^  n°f  t°  number  of  particles. 


near  infrared  parts  of  the  spectrum.  It  is  based  on  an  empirical 
:ionship  between  scattering,  particle  size,  refractive  index,  and 
wave  length  of  light.  The  method  was  developed  for  essentially 
absorbing  materials  and  was  originally  based  on  particle  size 
surements  made  with  the  low-speed  Svedberg  ultracentrifuge. 


IE  spectral  transmission  method  of  particle  size  analysis  is  a 
echnique  for  obtaining  information  on  the  particle  size  dis- 
.ltions  of  finely  divided  colorless  powders  from  the  amount  of 
t  they  transmit  in  completely  deflocculated  dilute  suspen- 
3.  Usually  the  only  data  required  are  a  series  of  transmis- 
(3  measured  over  a  spectral  range  of  0.4  to  2.0  microns.  The 
hod  is  limited  to  colorless  materials  and  to  particle  sizes  for 
■h  optimum  scattering  occurs  in  the  range  over  which  the 
Emissions  can  be  measured. 

ght  scattering  has  been  used  in  the  study  of  particle  size  since 
leigh  (7)  did  his  fundamental  work  nearly  50  years  ago. 
id  ( 6 )  and  Gamble  and  Barnett  (3)  have  made  use  of  Ray- 
i’s  equation  in  the  study  of  comparatively  large  particles  by 
ying  out  their  measurements  in  the  near  infrared.  Stratton 
Houghton  (8),  and  very  recently  Barnes  and  La  Mer  (2), 

'  described  theoretical  curves  which  apply  to  scattering  sys- 
>  when  the  particle  size  is  of  the  same  order  as  the  wave 
th  of  the  radiation.  Both  of  these  curves  are  based  on  the 
tions  of  Mie  (5)  and  apply  only  to  a  specific  value  of  the  rela- 
refract'ive  index  of  the  particle.  The  basis  for  the  present 
icle  size  method  is  a  more  general  empirical  relationship 
h  was  derived  during  studies  on  scattering  systems  carried 
with  a  low-speed  Svedberg  ultracentrifuge  (9).  A  brief  de- 
tion  of  the  basic  relationship  is  given  below  to  aid  in  the  dis- 
on  of  the  method  of  particle  size  analysis  and  a  more  com- 
■  description  of  the  work  on  scattering  systems 
inned  for  later  publication. 


The  primary  variables  which  determine  specific  extinction  in  a 
scattering  system  are  the  size  and  relative  refractive  index  of  the 
suspended  particles  and  the  wave  length  of  the  incident  radiation. 
These  variables  were  studied  by  fractionating  four  nearly  color¬ 
less  minerals  covering  a  refractive  index  range  of  1.36  to  2.45  into 
6  to  9  relatively  homogeneous  samples.  The  particle  size  dis¬ 
tributions  and  the  specific  extinctions  of  each  of  the  fractionated 
samples  were  determined  at  the  same  time  in  a  Svedberg  low- 
speed  untracentrifuge,  in  a  suspension  medium  whose  refractive 
index  was  1.47.  The  radiation  used  covered  a  band  of  wave 
lengths  from  0.400  to  0.480  micron  and  the  average  wave  length 
was  calculated  to  be  0.450  micron. 

The  four  curves  shown  in  Figure  1,  in  which  specific  extinction 
is  plotted  as  function  of  particle  size,  were  then  derived  from  these 
data.  In  this  step  a  set  of  simultaneous  integral  equations  was 
solved  for  each  group  of  samples  with  an  instrument  called  the 
moment-product  integrator  ( 9 ).  When  the  coordinates  of  Figure 
1  were  transformed,  so  that  the  product  of  specific  extinctions 
and  radius  were  plotted  against  the  product  of.  the  Lorentz  re¬ 


fractive  index  coefficient, 


m2  +  2 


,  and  the  radius,  the  four  curves 


were  very  nearly  superimposed.  In  the  refractive  index  term  rn 

is  the  relative  refractive  index.  A  comparison  of  measured  and 

calculated  transmissions  over  the  wave-length  range  of  0.7  to 

2.0  microns  showed  that  if  the  abscissa  unit  were  assumed  to 

,  |  m2  —  ll  n0 
be 


P m2  -  ll 

L  m2  +  2j 


-  multiplied  by  the  radius,  a  satisfactory  agreement 


was  obtained.  In  the  final  term  n0  is  the  refractive  index  of  the 
suspension  medium  and  X  is  the  wave  length  of  the  radiation  in 
air.  For  convenience  the  factor  which  modifies  the  particle  radius 
has  been  called  M. 


DERIVATION  OF  SCATTERING  FUNCTION 

;  far  as  possible  the  terms  used  in  the  following 
ission  are  defined  according  to  established 
ention. 

ecific  extinctions  are  calculated  from  the 
•ured  transmissions  of  scattering  suspensions 
•ding  to  the  Beer-Lambert  law  as  illustrated 
luation  1 


e  I  is  the  intensity  of  the  transmitted  light ;  Iu, 
density  of  the  incident  fight ;  Em,  the  average 
fic  extinction  for  the  particle  size  distribution 
ved;  the  subscript,  M,  refers  to  a  function 
mined  by  the  relative  refractive  index  of  the 
cle  and  the  wave  length  of  the  radiation  used; 

2  volume  concentration  of  the  suspension  in 
of  0.01  cc.  of  suspended  material  per  100  cc.- 
spension;  and  t,  the  cell  thickness  in  centi- 
'•s.  Particle  size  is  measured  as  particle  radius 
he  unit  used  for  both  particle  radius  and  wave 
h  of  radiation  is  1  micron.  One  micron  is  10~4 

■ r  104  Angstrom  units.  Relative  refractive  index 

3  refractive  index  of  the  particle  divided  by 
efractive  index  of  the  suspension  medium, 
e  distributions  used  the  areas  under  the  distri- 


Figure  1 .  Mineral  Series 


A.  Sphalerite,  n  =  2.47  C.  Barytes,  n  =  1 .66 

B.  Cerussite,  n  —  2.03  D,  Cryolite,  n  =  1.37  -X  =  0.450m 
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- Adjusted  for  monochromatic  light 

- - Original  function 

O  Sphalerite.  O  Cerussite.  A  Cryolite.  0  Barytes. 

Figure  2  shows  the  data  plotted  on  the  new  basis.  The  dotted 
curve  shows  the  original  form  of  the  curve  and  the  solid  curve 
shows  the  form  adopted  after  new  measurements  had  been  made 
and  corrections  had  been  applied  to  compensate  for  the  use  of 
heterochromatic  light  in  obtaining  the  original  data  (1).  In 
Figure  2  the  specific  extinctions  are  no  longer  on  a  volume  basis 
but  on  a  basis  which  corresponds  to  the  volume  of  particles  di¬ 
vided  by  the  particle  radius  and  called  specific  extinction  per  unit 
projected  area.  The  spread  of  the  points  near  the  maximum  is 
probably  due  to  the  indirect  method  which  had  to  be  used  in 
constructing  the  curves  of  Figure  1.  The  deviation  of  the  cerus¬ 
site  curve  from  the  barytes  and  sphalerite  curves  is  due  largely 
to  the  double  refraction  of  this  mineral.  The  agreement  between 
specific  extinctions  calculated  from  the  solid  curve  of  Figure  2 
with  measured  values  over  a  wide  range  of  M  and  particle  radius 
values  shows  that  the  curve  gives  a  good  approximation  of  the 
scattering  behavior  of  systems  of  transparent  particles.  The 
minimum  and  second  maximum  shown  in  the  corresponding 
curves  of  Stratton  and  Houghton,  and  Barnes  and  La  Mer  were 
not  found.  These  features  may  have  been  obscured  by  the  lack 
of  homogeneity  of  the  fractions  at  large  values  of  Mr  or  by  the 
departure  from  spherical  shape  of  the  particles  used  in  the  deri¬ 
vation.  In  any  event,  the  form  of  the  curve  showm  in  Figure  2 
has  proved  sufficiently  accurate  for  the  analysis  of  a  wide  variety 
of  practical  systems. 

The  scattering  function  showm  in  Figure  2  makes  possible  the 
calculation  of  specific  extinction  as  a  function  of  radius  for  values 
of  M  corresponding  to  a  range  of  relative  refractive  indices  from 
1  to  2,  for  wave  lengths  from  0.4  to  2.0  microns,  and  for  par¬ 
ticle  sizes  of  less  than  0. 10  micron  to  sizes  larger  than  2  microns. 
The  function  is  presumably  valid,  however,  only  for  systems 
wrhere  the  particle  shape  approximates  that  of  cubes  or  spheres — 
i.e.,  the  function  probably  does  not  hold  for  plates  or  rods. 

GRAPHICAL  ANALYSIS 

The  radius  value  corresponding  to  the  maximum  specific  ex¬ 
tinction  can  be  varied  by  changing  M.  Experimentally,  M  is 
varied  by  changing  the  wave  length  of  radiation.  The  particle 
size  method  depends  on  the  fact  that  each  wave  length  empha¬ 
sizes  a  different  part  of  the  particle  size  distribution.  In  order  to 


make  rapid  analyses  possible  a  graphical  comparison  methc 
has  been  adopted  which  involves  the  use  of  the  twm-paramet 
distribution  function  shown  in  Figure  3  and  first  used  t 
Lansing  and.Kraemer  for  molecular  weight  analysis  (4). 

In  the  analytical  expression  rtl  is  the  radius  value  of  t 
maximum  of  the  distribution  and  B  is  a  nonuniformi 
coefficient.  A  B  value  of  0  corresponds  to  a  sample  which 
completely  homogeneous  with  respect  to  particle  size.  As 
increases,  the  spread  of  the  curve  becomes  greater  and  a 
value  of  unity  corresponds  to  a  very  polydisperse  materi; 
Figure  3  show's  graphically  the  way  in  which  the  distributi 
is  affected  as  the  B  value  is  changed.  As  Lansing  has  show 
any  of  the  usual  averages  can  be  expressed  in  terms  of  the  t\ 
parameters  r0  and  B.  The  expression  wrhich  modifies  the  e 
ponential  term  is  derived  so  that  the  area  under  the  dist 
bution  curve  will  be  unity  for  all  values  of  the  paramete 
The  weight  average  radius,  r,  which  is  usually  used  to  chi 
acterize  the  distribution,  is  calculated  by  multiplying  r0  ! 

The  average  specific  extinction,  Em,  for  a  polydisperse  sai 
pie  is  calculated  by  multiplying  the  ordinates  of  the  different 
particle  size  distribution  by  the  corresponding  ordinates  of  t 
appropriate  specific  extinction-radius  relation.  If  the  ar 
under  the  distribution  is  unity  before  the  multiplication,  t 
area  under  the  product  curve  is  numerically  equal  to  E 
The  specific  extinction-radius  relation  is  derived  from  Figur 
by  substituting  the  numerical  value  of  M  in  the  abscissa  fui 
tion  and  dividing  the  ordinates  of  the  solid  curve  by  the  i 
suiting  values  of  particle  radius. 

It  can  be  shown  by  a  consideration  of  the  integral  implied 
the  argument  above  that  when  the  values  of  Em  which  result  frc 
the  use  of  the  distribution  function  of  Figure  3  are  divided  by 
and  plotted  against  M  on  double  logarithmic  paper,  a  curve  wi 
a  single  maximum  is  obtained  whose  shape  is  independent  of  t 
r0  value  used.  Changes  in  r0  in  this  type  of  plot  merely  transh 
the  curve  parallel  to  the  M  axis.  Changes  in  B  on  the  other  ha 
do  change  the  shape  of  the  curve.  As  B  increases  (uniformity  ( 
creases)  the  curve  becomes  flatter  and  the  change  in  shape  is  ; 
companied  by  a  vertical  and  horizontal  displacement  of  the  m; 
ima  of  the  curves.  Since  the  shape  of  the  curve  depends  only 
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;  nonuniformity  coefficient,  B ,  this  parameter 
an  experimental  distribution  can  be  deter- 
ned  by  superimposing  the  experimentally 

termined  — —  vs.  71/  curve  on  a  curve  calcu- 
M 

ed  for  the  same  degree  of  nonuniformity.  It 
easy  to  show  that  thp  ratio  of  the  71/  values 
the  maxima  of  two  curves  calculated  for  dif- 
ent  values  of  r0  but  the  same  value  of  B  is 
Lial  to  the  ratio  of  the  r0  values.  The  ?'0  value 
an  experimental  curve  can  therefore  be  deter- 
ned  by  the  magnitude  of  the  translation  on 
;  logarithmic  scale  which  is  required  to 
jng  it  into  coincidence  with  a  curve  calcu- 
ed  for  an  r0  value  of  unity  and  the  same  B 
iue. 

[n  order  to  make  the  comparisons  suggested 
jve,  a  chart  has  been  constructed  in  which 

;  has  been  plotted  against  71/  on  double  loga- 

pmic  paper  from  values  calculated  for  a  single 
ue  of  r0  and  a  range  of  B  values.  In 
ler  to  make  the  graphical  operation  as  simple 


possible,  the  family  curves  corresponding 
the  various  B  values  have  been  plotted  with  a  common  maxi- 
m  value.  Correction  scales  are  used  to  compensate  for  the 
nslations  which  were  required  to  make  the  maxima  coincide. 

Em 

ble  I  shows  the  values  of  - —  and  71/  which  were  used  in  con- 

71/ 


ucting  the  chart  whiclj  is  shown  in  Figure  4. 
n  Figure  4  the  solid  curves  near  the  top  and  slightly  to  the 
ht  of  center  are  the  comparison  curves.  The  maxima  of  all 
s  curves  have  been  made  to  agree  with  the  maximum  calcu- 
ed  for  the  curve  corresponding  to  a  B  value  of  0.  The  hori- 
ltal  71/  scale  is  shown  near  the  center  of  the  figure.  The  r0 
le  above  the  71/  scale  is  required  because  an  r0  value  of  0.1 
iron  w^s  used  in  the  standard  calculations  in  order  to  keep 
■  chart  as  small  as  possible. 


The  experimentally  determined  points  are  plotted  on  trans¬ 
ient  tracing  paper,  which  is  placed  over  the  coordinate  system 
o  he  chart,  so  that  these  points  can  be  translated  easily  into  coin- 
lence  with  the  standard  family  curves  after  they  have  been 
|  tted.  The  tracing  paper  is  supported  by  a  light  Lucite  frame 
» ich  is  provided  with  reference  lines  to  orient  the  frame  with  the 
cirt  and  correction  scales  to  compensate  for  the  translations 
»ich  were  required  to  bring  the  maxima  of  the  standard  family 
l;ether.  The  shaded  frame  in  the  figure  shows  the  frame  in 
I  ■  plotting  position. 


fable  1. 

Nume.ica 

Vabes  Used  in  Constructing 
Comparison  Curves 

Em 

M 

Standard 

M 

B  =  0  B 

=  0.2 

B  =  0.4 

B  =  0.6 

B  =  0.8  B  =  1.0 

0.5 

6.0 

6.4 

7.2 

7.5 

8.8 

9.3 

0.6 

7.1 

7.5 

8.3 

9.0 

9.8 

10.  1 

0.7 

8.2 

8.6 

9.4 

10.2 

10.7 

10.3 

0.8 

9,3 

9.7 

10.5 

11.2 

11.2 

10.4 

0.9 

10.5 

10.8 

11.6 

12.0 

11.7 

10.4 

1.0 

11.6 

11.9 

12.5 

12.5 

11.8 

10.4 

1.1 

12.7 

13.0 

13.4 

12.8 

11.8 

10.3 

1.2 

13.7 

13.9 

13.9 

13.0 

11.6 

10.1 

1.3 

14.6 

14.7 

14.2 

12.9 

11.4 

9.9 

1.4 

15.5 

15.3 

14.4 

.12.8 

11 . 1 

1.5 

16.2 

15.7 

14.4 

12.6 

10.85 

1.6 

16.7 

15.9 

14.1 

12.2 

10.5 

1.7 

16.8 

15.7 

13.8 

11.8 

10.1 

1.8 

16.6 

15.2 

13.4 

11.5 

9.8 

1.9 

15.7 

14.5 

12.9 

11.0 

9.4 

2.0 

14.6 

13.8 

12.4 

10.6 

2.1 

13.5 

13.0 

11.8 

10.2 

. 

2.2 

12.6 

12.2 

11 .  1 

9.8 

2.3 

11.7 

11.4 

10.6 

9.3 

2.5 

10  1 

9.9 

9.6 

8.5 

2.8 

8.3 

8.2 

8.3 

7.5 

To  orient  the  frame  for  plotting,  the  horizontal  reference  lines 

are  placed  in  coincidence  with  an  value  of  2.0  and  the  vertical 

71/ 

reference  lines  are  adjusted  to  agree  with  an  71/  value  of  1.0.  The 
half-shaded  points  shown  were  determined  for  a  sample  of  the 
anatase  form  of  titanium  dioxide  in  a  suspension  medium  of  an 
alkyd  varnish.  These  points  were  plotted  with  frame  in  the 
position  indicated  by  the  shaded  rectangle.  After  the  points 
have  been  plotted  the  frame  is  translated  vertically  and  horizon¬ 
tally  until  the  maximum  of  the  experimental  curve  agrees  with  the 
maximum  of  the  standard  family,  always  keeping  the  edges  of  the 
frame  parallel  with  the  coordinate  system  of  the  chart.  The 
translated  position  of  the  frame  is  shown  by  the  cross-hatched 
rectangle  in  Figure  4.  The  position  of  the  experimental  points 
in  the  standard  family  is  indicated  by  the  open  points. 

The  B  value  is  determined  by  inspection  and  the  r0  value  is 
read  on  the  r0  scale  opposite  the  selected  B  value  on  the  horizontal 
correction  scale  on  the  frame.  The  value  read  on  the  vertical 
scale  to  the  right  opposite  the  selected  B  value  on  the  vertical 
correction  scale  shows  the  fraction  of  the  material  in  the  suspen¬ 
sion  which  contributed  appreciably  to  the  scattering.  When  a 
sample  contains  a  fraction  of  very  small  or  very  large  material, 
the  vertical  scale  readings  are  less  than  100%.  When  the  form 
of  the  true  distribution  of  the  sample  is  appreciably  different 
from  the  function  shown  in  Figure  3,  the  shape  of  the  experimen¬ 
tal  curve  differs  from  that  of  the  standard  family,  and  when  the 
true  distribution  is  more  symmetrical  than  the  distribution  func¬ 
tion  the  vertical  scale  readings  are  usually  greater  than  100%. 
This  results  from  the  fact  that  in  a  more  symmetrical  distribution 
there  is  more  than  the  calculated  amount  of  material  in  the  most 
effective  size  range.  In  such  cases  the  parameters  are  determined 
from  the  arm  of  the  experimental  curve  which  agrees  better  with 
the  standard  family. 


When  B  has  a  value  of  0.5  the  range  of  r0  which  can  be  deter¬ 
mined  by  the  method  varies  from  0.08  to  0.5  micron  for  a  ma¬ 
terial  with  a  refractive  index  of  2.7  to  0.10  to  0.8  micron  for  a 
material  with  a  refractive  index  of  2.0. 


MEASUREMENT  OF  TRANSMISSIONS 

The  significance  of  the  measurement  is  entirely  dependent  on 
the  degree  of  deflocculation  attained  in  the  suspensions  prepared. 
The  suspension  media  are  chosen  to  promote  good  dispersion  and, 
in  addition,  if  required,  special  deflocculating  agents  are  added. 
The  suspension  media  are  always  liquids  of  high  viscosity  to  re¬ 
tard  settling.  Water-white  glycerol  and  certain  alkyd  varnishes 
give  excellent  results  with  many  materials. 

The  suspensions  usually  are  prepared  with  a  carefully  ground 
mortar  and  pestle.  Weighed  amounts  (0.01  to  0.05  gram)  of  the 
material  to  be  suspended  are  transferred  to  the  mortar  and  the 
medium  is  added  drop  by  drop  at  start.  The  degree  of  defloecu- 
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Figure  5.  Experimental  Arrangement 


Table  II.  Spectral  Transmission  Data 

Cell  thickness  =  0.08  cm. 


Concentration  = 

1.19  X  10-4 

cc./cc. 

ct  =  0.0955  ( coto  = 

=  IO-4) 

—  1 

1 

1 

llu 

II 

£ 

X  In  i 

=  10.47  X 

ln  T 

Wave  length, 

1 

In  - 

Em 

M 

Em 

Micron 

T 

T 

M 

0.405 

3.19 

1.16 

12.15 

1.71 

7.11 

0.436 

3.24 

1.18 

12.32 

1.51 

8.19 

0.546 

2.30 

1.16 

12.17 

1.10 

11.16 

0.500 

3.16 

1.16 

12.07 

1.23 

9.81 

The  factor  which  converts  the  logarithm 
reciprocal  transmission  to  specific  extinction 
calculated  from  the  values  of  concentration  ai 
cell  thickness  as  indicated  at  the  top  of  t 
table.  Column  2  shows  the  reciprocal  of  t 
transmissions  measured  at  the  wave  lengths 
column  1.  Columns  3  and  4  show  the  calcul 
tion  of  specific  extinction.  The  M  values 
column  5  are  calculated  for  anatase  in  an  alk; 
varnish  and  6  is  obtained  by  dividing  4  by 
Columns  5  and  6  are  plotted  _  as  shown  j 
Figure  4. 

The  method  of  analysis  is  rather  rapid,  t 
complete  operation  requiring  but  2  hours,  ai 
the  operations  involved  are  simple  enough  for 
technician  to  carry  out  satisfactorily.  The  i 
suits  are  usually  reported  as  average  radius,  the  B  value  fouD 
and  the  fraction  of  the  material  found  in  the  distribution. 

COMPARISONS  WITH  ULTRACENTRIFUGE  DATA 

The  spectral  transmission  method  of  particle  size  analysis  h 
been  in  use  for  several  years  and  during  that  time  its  reliabili 
has  been  reasonably  well  tested.  Figures  6  and  7  show  the  w: 
in  which  the  method  has  operated  with  practical  systems. 

Figure  6  illustrates  the  effectiveness  of  B  as  a  measure  of  no 
uniformity.  * 


lation  attained  depends  on  the  amount  of  working  that  is  given 
the  paste  with  pestle  as  the  first  drops  are  added.  When  1  cc. 
of  suspension  medium  has  been  added  the  dilution  is  carried  on 
more  rapidly  until  the  required  weight  of  liquid  has  been  added. 
The  concentration  is  adjusted  so  that  transmission  in  the  blue 
part  of  the  spectrum  has  a  value  of  about  20%.  The  suspensions 
used  in  determining  the  distributions  shown  below  were  prepared 
following  a  time  schedule  in  which  the  total  time  required  was  0.5 
hour. 


Careful  measurements  have  shown  that  the  particle  size  dis¬ 
tribution  does  not  change  with  dispersion  time  when  the  time 
of  preparation  is  longer  than  0.5  hour.  This  indicates  that  no 
true  grinding  is  done  and  that  the  degree  of  deflocculation  is  satis¬ 
factory. 

A  very  thin  cell  of  accurately  known  thickness  is  used 
in  the  measurements  because  most  suspension  media 
absorb  at  wave  lengths  between  1.5  and  2.0  microns  and 
the  effect  of  this  absorption  can  be  minimized  by  increas¬ 
ing  the  suspension  concentration  and  reducing  the  cell 
thickness.  The  cell  thickness  now  used  for  most  of  the 
measurements  is  about  0.075  cm. 

The  data  required  for  the  analysis  are  a  series  of  14 
transmissions  measured  over  the  wave-length  range  of  0.4 
to  2.0  microns.  Figure  5  shows  the  experimental  arrange¬ 
ment  which  has  been  used  for  such  measurements. 


Distributions  calculated  from  the  values  of  r0  and  B  are  coi 
pared  with  distributions  determined  with  the  ultracentrifuge  f 
the  same  materials.  In  both  samples  of  anatase  shown  the  val 
of  ro  is  about  0.2  micron.  Anatase  A  has  a  B  value  of  0.2  as 
result  of  careful  laboratory  fractionation,  while  anatase  B  has 
B  value  of  0.6  and  is  comparable  with*  the  material  which  w 
fractionated  to  obtain  distribution  A.  The  distribution  for  t 
bentonite  clay  has  a  B  value  of  0.95.  The  agreement  obtain' 
indicates  that  B  is  a  satisfactory  measure  of  uniformity. 

The  anatase  form  of  titanium  dioxide  has  a  refractive  index 

2.5  at  the  D  line,  while  bentonite  has  a  refractive  index  of  abo 

1.5  and  was  measured  in  a  medium  whose  refractive  index  w 
1.4  Figure  7  shows  a  continuation  of  distribution  compariso 
for  materials  of  different  refractive  index.  The  section  at  t 
left  shows  a  sample  of  the  rutile  form  titanium  dioxide,  the  i 
tractive  index  of  which  is  about  2.7  at  the  D  line.  The  center  se 
tion  shows  an  experimental  sample,  the  refractive  index  of  whi' 


Li  is  an  incandescent  lamp  and  L->  is  an  H-3  mercury 
arc.  Mi  and  M 2  are  plane  mirrors  which  permit  inter¬ 
changing  the  sources  and  M3  is  a  concave  mirror  which 
produces  an  image  of  the  source  at  the  monochromator 
slit,  Si.  The  monochromator,  I,  is  based  on  a  Gaertner 
Type  L  235  infrared  spectrometer  which  was  modified  by 
manufacturer  to  cover  the  full  spectral  range  given 
above.  T,  the  receiver,  may  be  either  a  vacuum  thermo¬ 
pile  or  a  photocell.  According  to  the  present  operating 
practice  a  photocell  is  used  with  an  amplifier  and  meter 
for  the  visible  spectrum  and  a  thermopile-galvanometer 
combination  used  for  the  spectral  region  from  0.7  to  2.0 
microns.  The  mercury  arc  is  used  in  the  blue  and  violet 
parts  of  the  spectrum.  The  incandescent  lamp  is  used  for 
wave  lengths  of  0.5  micron  and  longer.  The  cell  block 
containing  three  cells,  two  for  suspensions  and  one  for 
the  clear  suspension  medium,  is  shown  at  C. 


The  specific  extinctions  are  calculated  from  the  meas¬ 
ured  transmissions  in  the  manner  indicated  in  Table  II. 


-Ultracentrifuge 


-Spectral  transmission 
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ras  found  to  be  2.25  at  the  D  line,  and  the  distributions  shown 
ivere  used  in  determining  this  refractive  index.  The  section  at 
the  right  shows  a  comparison  for  a  sample  of  zinc  oxide,  the  rela¬ 
tive  refractive  index  of  which  is  about  2.0  at  the  D  line.  The 
spectral  transmission  distribution  for  the  zinc  oxide  sample  was 
measured  in  a  solid  medium.  The  sample  was  prepared  by  dis¬ 
persing  the  pigment  in  partially  polymerized  methyl  meth- 
icrylate  resin  and  the  distribution  determined  when  the  poly¬ 
merization  was  complete.  This  example  illustrates  the  fact  that 
the  method  is  not  limited  to  liquid  media. 

!  The  method  can  be  useful  with  unstable  systems.  Measure¬ 
ments  for  such  systems  have  been  made  with  a  recording  spec¬ 
trophotometer  similar  to  the  instrument  now  made  by  the  Gen¬ 
eral  Electric  Company.  The  time  required  for  the  measurement 
pf  the  full  spectral  range  curve  of  the  instrument  is  only  3  minutes 
md  this  speed  of  measurement  makes  such  analyses  possible. 
The  restricted  wave-length  range  of  this  spectrophotometer,  how¬ 
ever,  makes  it  advisable  to  use  the  more  cumbersome  apparatus 
lescribed  earlier  for  routine  measurements. 

While  different  operators  will  choose  values  of  B  which  will 
/ary  by  0.1,  or  in  some  cases  more,  the  corresponding  differences 
n  ro  usually  compensate.  The  work  which  has  been  carried  out 
:ndicates  that  the  average  radius  is  reproducible  to  within  5%. 

REFRACTIVE  INDEX 

It  has  previously  been  assumed  that  the  M  value  for  each  wave 
ength  of  radiation  in  the  range  of  measurement  was  known.  In 
jrder  to  calculate  such  M  values  it  is  necessary  to  know  the  re- 
ractive  index  of  both  particle  and  suspension  medium  over  the 
vave  length  range  of  0.4  to  2.0  microns.  The  refractive  indices 
if  most  materials  of  interest  are  given  in  literature  for  the  visible 
part  of  the  spectrum.  In  the  work  reported,  the  values  for  the 
nfrared  have  been  calculated  by  the  simple  Hartmann  dispersion 
£ 

ormula  n  =  n0+ - where  n0,  c,  and  X0  are  arbitrary  constants. 

X  —  Xo 


Figure  8.  Refractive  Index  and  M  vs.  Wave  Length 

A.  Rutile,  Ti02  />.  Cassiterite,  SnO: 

B.  Anatase,  Ti02  E.  Barytes,  BaSOr 

C.  Sphalerite,  ZnS  X.  Experimental  sample 


in  Figure  8  the  indices  of  several  materials  are  shown  to  illus- 
rate  the  use  of  this  method,  and  the  corresponding  M  values 
ire  plotted  against  wave  length  below.  Satisfactory  results 
lave  been  obtained  by  using  the  average  index  of  anisotropic 
naterials,  so  long  as  the  particle  index  is  not  close  to  that  of  the 
suspension  medium.  When  one  index  of  a  material  with  multi¬ 
ple  indices  nearly  matches  the  medium,  the  method  does  not 
jive  reliable  results. 

When  no  refractive  index  data  are  available  for  materials 
•vhose  refractive  index  is  above  2.0,  there  has  been  no  very  reli- 
ible  method  for  determining  the  index  if  the  material  is  available 


Figure  7.  Comparison  of  Particle  Size  Distributions 


-Ultracentrifuse 
-Spectral  transmission 


only  in  finely  divided  form.  A  method  for  making  such  deter¬ 
minations  has  been  worked  out  which  makes  use  of  the  graphical 
technique  described. 

« 

In  order  to  make  this  evaluation  it  is  necessary  to  determine 
the  particle  size  distribution  of  the  material  by  another  method, 
such  as  ultracentrifugal  analysis.  An  approximate  value  of  M 
is  then  calculated  from  the  average  radius  and  a  measured  specific 
extinction.  Using  this  value  an  M  vs.  X  curve  is  interpolated  in 
the  series  of  curves  of  Figure  8  and  the  graphical  method  applied 
with  the  measured  specific  extinction  vs.  wave  lengt  h  curve.  The 
distribution  calculated  with  the  trial  values  of  M  usually  is  in 
error  but  it  does  provide  a  basis  for  selecting  a  better  value  of  M 
to  use  in  a  second  attempt.  By  continuing  this 
process  of  successive  approximations,  it  is  pos¬ 
sible  to  calculate  a  reasonably  accurate  curve 
showing  M  as  function  of  wave  length.  When 
the  vertical  scale  reading  in  Figure  4  is  very 
nearly  100%  for  an  M  vs.  X  curve  which  gives 
parameters  which  agree  with  the  known  distri- 
fpution,  it  is  fairly  certain  that  the  dispersion 
deduced  is  accurate.  The  refractive  indices  can, 
of  course,  be  calculated  from  the  M  values. 

The  curves  marked  X  in  Figure  8  were  deter¬ 
mined  in  this  way.  The  agreement  obtained  be¬ 
tween  the  ultracentrifuge  distribution  and  the 
distribution  calculated  by  the  graphical  analysis 
using  the  final  M  values  is  shown  in  the  middle 
section  of  Figure  7. 
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Rapid  Method  for  Determining  Specific  Surface  of  Fine 

Particles 

ALPHONSE  PECHUKAS  and  F.  W.  GAGE,  Pittsburgh  Plate  Glass  Co.,  Columbia  Chemical  Division,  Barberton,  Ohio 


The  Lea  and  Nurse  method  of  determining  the  specific  surface  of 
fine  powders  using  gas  permeabilities  has  been  modified  for  meas¬ 
uring  particles  whose  mean  diameters  are  less  than  1.0  micron. 
The  problem  of  turbulence  within  the  porous  sample  plug  which 
accompanies  measurements  of  finely  divided  pigments  has  been 
overcome  by  using  small-bore,  highly  compressed  plugs.  Pres¬ 
sure  differentials  of  1  atmosphere  have  been  substituted  for  the 
lower  pressures  of  Lea  and  Nurse  to  overcome  the  resistance  to  air 
flow  offered  by  the  more  highly  compressed  plugs.  The  method 
is  rapid  and  simple  in  operation  and  is  reproducible,  the  specific 
surface  values  being  fairly  constant  over  a  range  of  porosities.  An 
apparatus  suitable  for  routine  work  and  plant  control  is  described. 


DURING  the  past  several  years  the  permeability  method  of 
determining  the  specific  surface  of  fine  particles  has  re¬ 
ceived  considerable  attention  from  workers  interested  in  a  rapid 
and  accurate  means  of  measuring  the  particle  size  of  pigments  in 
the  subsieve  range.  The  theory  of  the  permeability  method  and 
details  of  experiments  conducted  to  test  its  validity  have  been 
discussed  by  Carman  (4~d),  who  showed  that  the  specific  surface 
of  a  powder  could  be  expressed  by  the  equation 


So 


e)2 


(1) 


where 

So  =  specific  surface  of  the  powder  in  sq.  cm.  per  cc. 

K i  =  proportionality  constant  representing  the  permeability 
of  the  porous  medium 

e  =  porosity  or  fractional  void  of  the  bed  of  powder 
Based  on  laws  of  fluid  flow,  Ad  can  be  expressed  by 


vr  -  Ql7,L 
Al  A  X  A P 

where 


(2) 


Qi  =  rate  of  flow  of  the  percolating  fluid  in  ml.  per  second 
A  =  cross-sectional  area  of  the  porous  medium  in  sq.  cm. 

V  =  viscosity  of  the  fluid  in  poises 
L  =  thickness  of  porous  medium  in  cm. 

A P  =  pressure  difference  driving  the  fluid  through  the  medium 
in  grams  per  sq.  cm. 


Carman  has  shown  that  for  the  same  powder  at  different  poros¬ 
ities  the  porosity  function,  e3/(l  —  e)2,  is  accurate  over  a  fairly 
wide  range  of  porosities. 

Carman  worked  for  the  most  part  with  liquids  rather  than  air, 


being  of  the  opinion  that  surface  area  values  from  air  permeabili¬ 
ties  tended  to  be  high,  owing  to  incomplete  dispersion  of  the  pow¬ 
der  in  the  bed.  However,  he  recognized  that  not  only  was  it  dif¬ 
ficult  to  select  a  liquid  that  would  give  reasonably  good  dispersion 
and  wetting,  but  adsorption  of  the  liquid  at  the  particle  surface 
might  tend  to  decrease  the  effective  porosity,  giving  a  low  perme¬ 
ability  and  therefore  a  high  surface  area  value. 

Lea  and  Nurse  (9)  have  evolved  a  highly  developed  gas-perme¬ 
ability  method  which  is  appreciably  more  rapid  than  the  liquid- 
permeability  method  and  is  extremely  reproducible.  They  have 
shown  that  gas  permeabilities  are  consistent  for  different  gases 
and  that  corresponding  values  of  particle  size  with  gases  are  more 
in  accord  with  sedimentation  particle  size  analysis  than  with  liq¬ 
uids. 

Gooden  and  Smith  (7)  have  also  successfully  used  air  perme¬ 
abilities  for  measuring  various  sized  fractions  of  powdered  silica. 
However,  for  the  more  finely  divided  fractions,  agreement  was 
poor  between  the  air  permeability  particle  size  and  that  calcu¬ 
lated  from  microscopic  measurements. 

Blaine  (3)  has  devised  an  air-permeability  apparatus  similar  to 
that  of  Lea  and  Nurse  which  he  found  well  adapted  to  comparing 
the  specific  surfaces  of  powdered  materials.  His  procedure  was 
fast  and  simple  and  the  test  results  were  reproducible.  He  .con¬ 
cluded  that  the  air-permeability  apparatus  was  not  only  well 
adapted  for  testing  materials  in  the  range  of  fineness  of  Portland 
cement  but  could  be  used  for  testing  finer  materials. 

In  a  more  recent  article  Blaine  (3)  describes  a  simplified  air- 
permeability  apparatus  suitable  for  rapid  comparison  of  the  spe¬ 
cific  surfaces  of  port  land  cements.  Not  only  is  the  apparatus  sim¬ 
ple  to  construct  and  operate,  but  times  of  less  than  3  minutes  are 
required  for  passing  air  through  the  sample  bed. 

Under  the  auspices  of  the  A.S.T.M.  (J)  a  comparative  test  of 
the  Lea  and  Nurse  air-permeation  method  was  conducted  on 
eight  portland  cements.  Twenty  laboratories  participated  using 
twenty  different  instruments.  The  agreement  between  labora¬ 
tories  was  reasonably  good,  especially  when  the  cements  were 
tested  at  average  porosities.  However,  there  appeared  to  be  a 
regular  increase  in  specific  surface  values  with  decrease  in  poros¬ 
ity.  It  was  proposed  that  a  change  in  the  Lea  and  Nurse  formula 
be  made  by  which  the  values  obtained  for  specific  surface  would 
be  more  nearly  the  same  regardless  of  the  porosity  at  which  de¬ 
termined.  This  change  took  the  form  of  a  constant  which  could 
be  determined  by  plotting  a  function  of  the  surface  areas  as  de¬ 
termined  at  different  porosities  against  the  porosities  at  which  they 
were  determined  and  extrapolating  the  straight  line  obtained  to 
zero  surface  area.  The  intersection  at  the  zero  surface  area  line 
is  apparently  a  constant  for  each  type  of  material.  This  constant 
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GLASS  TEE 


RUBBER  TUBING 
PRECISION  BORE  TUBE 
(0.634  cm.  diem) 


RUBBER  TUBING 


TO 

VACUUM  PUMP 


PLUG  OF  PIGMENT  (10  cm.  in  length) 


NOTE—  All  joints  permanent 
except  A  and  B. 

-GLASS  SAFETY  RESERVOIR 


-RUBBER  TUBING 


-25  ml.  PIPET 


FLASK  CONTAINING 
WATER 


Figure  1.  Air  Permeability 
Apparatus 


or 


can  be  used  to  cor- 
ect  the  Lea  and 
Nurse  formula  so 
hat  calculated 
pecific  surface 
areas  are  not 
ffected  by  the 
jporosity  at  which 
he  powder  is 
tested. 

From  a  theoreti¬ 
cal  point  of  view 
the  permeability 
method  should  be 
valid  within  experi¬ 
mental  errors  down 
to  a  particle  diam¬ 
eter  of  0.1  micron. 

However,  it  has 
been  constantly 
recognized  that  the 
method  has  certain 
limitations  which 

might  not  permit  its  being  applied  to  the  measurement  of  particle 
size  diameters  much  below  2  microns.  Lea  and  Nurse  (9)  have 
stated  that  the  method  may  be  limited  to  particles  of  10  microns 
larger.  Work  (10)  has  found  that  the  porosity  function, 
3/(1  _  e)2j  is  very  critical  and  is  not  proportional  to  the  perme¬ 
ability  over  a  very  wide  range  in  some  cases.  Thus  in  making 
tests  of  various  materials  it  is  necessary  to  determine  the  porosity 
at  which  this  function  is  proportional  to  the  permeability. 

However,  because  of  its  relative  simplicity  and  apparent  repro¬ 
ducibility  the  method  definitely  merits  consideration. 

A  need  arose  in  this  laboratory  for  a  rapid,  reproducible 
method  for  determining  the  relative  particle  sizes  of  pigments  in 
the  range  of  0.1  to  2.0  microns.  Microscopic  methods  were  te¬ 
dious  and  only  semiquantitative,  since  with  even  a  dark-field 
microscope  the  smaller  particles  are  often  overlooked  and  a  true 
evaluation  cannot  be  made.  Adsorption  methods  are  also  time- 
consuming  and  often  lead  to  erroneous  results,  especially  with 
particles  of  irregular  surfaces.  Attention  was  therefore  turned  to 
an  air-permeation  method.  An  investigation  of  the  method  de¬ 
tailed  by  Lea  and  Nurse  (9)  demonstrated  that  some  modifica¬ 
tions  would  have  to  be  made  before  it  could  be  used  satisfactorily 
to  measure  the  specific  surface  of  pigments  having  mean  diam¬ 
eters  less  than  1.0  micron.  Air  flow  rates  much  in  excess  of  10  ml. 
per  minute  were  to  be  avoided  since  turbulence  resulted,  invali¬ 
dating  the  equation  developed  by  Carman  (4)  for  Poiseuille  flow. 
It  was  also  found  necessary  to  compact  the  pigment  tightly  in 
small-bore  tubes  in  order  to  avoid  channeling,  which  resulted  if 
only  relatively  light  pressures  and  large  beds  were  used.  These 
highly  compressed  pigment  beds  resisted  air  flow  to  such  an  ex¬ 
tent  that  measured  rates  could  be  obtained  only  by  using  a  full 
atmosphere  pressure  drop  across  the  bed. 


APPARATUS 

The  essential  features  of  the  apparatus  first  developed  for  de- 
■  termining  the  surface  area  of  finely  divided  pigments  are  shown 
in  Figure  1. 

Ilt  consists  of  an  Erlenmeyer  flask  filled  with  water,  a  25-ml. 
pipet  connected  to  a  glass  safety  reservoir  with  a  permanent  heavy 
rubber  connection,  and  the  sample  tube,  having  an  internal  diam¬ 
eter  of  0.634  cm.  and  constructed  of  precision-bore  tubing. 


In  making  a  determination  a  plug  of  pigment  of  known  volume 
is  formed  in  the  sample  tube.  This  is  packed  in  by  hand,  using 
two  short  cylindrical  lengths  of  metal  which  fit  snugly  inside  the 
sample  tube  and  extend  beyond  it  at  each  end.  The  length  of  the 
plug  is  measured  with  a  micrometer  which  spans  the  plug  and  the 
two  metal  pieces  of  known  length.  To  simplify  calculations  the 
pigment  plugs  are  all  formed  to  a  constant  length  of  1.00  cm. 
This  is  done  by  adding  or  subtracting  pigment  until  the  well 
packed  plug  is  slightly  too  long  and  then  making  a  final  adjust¬ 
ment  by  compressing  to  the  exact  length. 

The  sample  tube  is  then  weighed  and  placed  in  the  apparatus. 
The  flask  of  water  is  drawn  to  one  side,  so  the  pipet  tip  is  no 
longer  immersed  in  the  water,  and  the  vacuum  pump  started. 
The  stopcock  on  the  vacuum  line  is  then  opened  slowly  to  avoid 
sudden  application  of  vacuum  to  the  sample  plug.  The  pressure 
differential  is  noted  by  means  of  a  mercury  gage  (not  shown  in 
Figure  1)  and  maintained  at  approximately  740  mm.  of  mercury. 
After  permitting  the  system  to  come  to  equilibrium,  the  rate  of 
flow  of  air  through  the  sample  plug  is  measured  by  moving  the 
flask  of  water  back  to  position  and  timing  accurately  the  interval 
required  to  draw  25  ml.  of  water  into  the  pipet. 

With  the  data  obtained  it  was  possible  to  calculate  the  specific 
surface  of  the  sample.  Equations  1  and  2  may  be  combined  and 
modified  to  yield  the  following  equation: 


where 


So  =  14 


/At  X  A P 
\  .  Q*vL 


(3) 


Qo  =  volume  of  air  in  ml.  flowing  through  sample  plug  in  time  t 


or 


where 

Sw  =  specific  surface  of  the  pigment  in  sq.  cm.  per  gram 
p  =  specific  gravity  of  pigment 

Since  p,  A,  A P,  y,  and  L  are  known  constants,  Equation  4  may 
be  put  in  the  following  form: 


So 
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where 
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Ki  will,  of  course,  have  a  unique  value  for  each  type  of  pigment. 
The  porosity  may  be  expressed  mathematically  as 


where 


(6) 


TF  =  weight  of  pigment  in  plug  in  grams 

Having  measured  t,  Qo,  and  IF,  it  is  a  very  simple  task  to  com¬ 
bine  Equations  5  and  6  to  calculate  the  specific  surface,  Sw 


It  is  clear  from  the  foregoing  that  the  apparatus  required  and 
technique  are  very  simple.  The  method  is  also  rapid,  requiring 
less  than  an  hour  for  one  determination.  If  it  is  desired,  more 
than  one  apparatus  may  be  run  off  the  same  vacuum  manifold. 

The  reproducibility  is  good,  as  is  indicated  in  Table  I.  Small 
variations  in  A P  which  are  experienced  because  of  fluctuations  in 
the  barometric  pressure  have  little  effect  on  the  specific  surface 
values.  Although  no  attempt  is  made  to  use  the  same  weight  of 
pigment  for  each  determination,  the  porosities  are  fairly  uniform 
in  duplicate  determinations  with  the  same  pigment. 

Because  of  the  critical  nature  of  the  porosity  function,  e3/ 
(1  —  e)2,  the  actual  values  of  surface  area  may  not  agree  too  well 
with  those  obtained  by  this  method.  However,  since  no  known 
method  can  be  relied  upon  to  yield  infallible  surface  area  measure¬ 
ments,  comparisons  with  other  methods,  while  not  precise,  serve 
to  indicate  whether  the  method  yields  results  of  the  right  order 
of  magnitude.  Harkins  and  Gans  (8)  using  an  adsorption  method 
obtained  values  of  38,000  and  57,300  sq.  cm.  per  gram  on  two 
titanium  dioxide  pigments,  which  compare  very  favorably  with 
the  results  in  Table  I.  Apparently  the  air-permeation  method 
described  here  can  be  relied  upon  to  give  values  of  the  correct 
order  of  magnitude. 


372 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  18,  No.  6 


Tabic  I.  Surface  Area  of  Titanium  Dioxide  Pigment 


Pigment 

Porosity 

Surface  Area, 
Sq.  Cm.  per  Grai 

Titanium  dioxide  1 

0.7194 

36,600 

0.7337 

36,200 

0 . 7286 

35,400 

0.7167 

34,900 

Table  II.  Comparison  of  Mean  Cross-Sectional  Diameter  Values 

(Calculated  from  specific  surface  value  of  a  titanium  dioxide  pigment,  as¬ 
suming  various  particle  shapes.  Specific  surface  area,  36,000  sq.  cm.  per 

gram) 

Mean  Diameter, 


Assumed  Shaped  of  Particles  Micron 

Spherical  0.42 

Rod-shaped,  length  1.5  times  diameter  0.37 

Rod-shaped,  length  2  times  diameter  0.35 

Rod-shaped,  length  3  times  diameter  0.33 

Rod-shaped,  length  4  times  diameter  0.31 


APPARATUS  FOR  ROUTINE  CONTROL  WORK 

Although  this  method  was  highly  satisfactory  as  a  research 
tool,  it  soon  became  desirable  to  modify  it  for  routine  and  more 
rapid  determinations.  Therefore,  the  apparatus  was  redesigned 
so  that  shorter  times  would  be  required  for  making  a  determina¬ 
tion,  and  calculation  of  the  particle  size  would  be  simplified. 


Table  III. 

Mean  Particle  Diameters  of  Pigments, 

Using  Rapid 

Routine  Method 

Weight  of  Specific  Gravity  Volume 

Pigment 

Plug  of  Pigment 

of  Air 

Time  dm 

Gram  Gram/ ml. 

Ml. 

Sec.  Micron 

Titanium  di- 

0.6963  4.00 

5.0 

151  0.74 

oxide  2 

0.7376 

5.0 

169  0.78 

0.6623 

7.0 

161  0.78 

0.6624 

•5 . 0 

116  0.78 

Calcium  car- 

0.3424  2.70 

3.0 

181  0.30 

bonate  1 

0.3177 

3.0 

156  0.28 

0.3394 

3.0’ 

195  0.28 

Calcium  car- 

0.4432  2.70 

2 . 5 

177  0.43 

bonate  2 

0.4313 

2.5 

186  9.40 

0.4225 

3.0 

218  0.38 

0.4346 

3.0 

224  0 . 40 

Table  IV. 

Possible  Errors  in  Mean  Diameter  Determination 

Maximum  %  Deviation 

Accuracy  Assumed 

in  drr 

i  Due  to  Error 

Variable 

in  Measuring  Variable 

in  Measuring  Variable 

Volume  of  air,  Q 

2  =±=0.1  ml. 

±1.0 

AP 

=*=25  mm.  of  merctiry 

.±1.7 

Time,  t 

±1  sec. 

±0.4 

Length  of  plug,  L  ±0.01  cm. 

±0.3 

Area  of  plug,  A 

±2.3  X  10  3  sq.  cm. 

— 0 . 5 

Porosity  of  plug 

;,  e  =±=2.3  X  10  3  sq.  cm.  (A) 

±2.0 

±0 . 01  cm.  (L) 

±2.0 

=*=0.001  gram  (W) 

=*=0.5 

=*=0.02  gram  per  ml.  (p) 

±1.2 

This  modified  apparatus,  diagrammed  in  Figure  2,  consists  of  a 
150-ml.  beaker  filled  with  water,  an  inverted  10-ml.  graduated 
pipet  with  the  tip  cut  off,  a  calcium  chloride  tube,  the  sample 
tube,  and  a  stopcock,  which  is  connected  to  a  source  of  high  vac¬ 
uum.  The  sample  tube  is  a  stainless  steel  tube  carefully  ma¬ 
chined  and  having  an  internal  diameter  of  0.579  =*=  0.0025  cm. 
All  connections  are  made  with  heavy,  tightly  fitting  sections  of 
rubber  tubing  and  are  all  made  permanent  except  those  between 
the  calcium  chloride  tube  and  the  rubber  stopper  and  between  the 
sample  tube  and  the  rubber  connection. 

In  making  a  determination  the  sample  tube  is  weighed  and  then 
placed  over  the  bottom  plunger  of  the  hand  press  shown  in  Figure 
3.  The  sample  is  transferred  to  the  sample  tube  by  means  of  a 
funnel  and  packed  into  the  tube,  using  the  top  section  of  the  hand 
press.  When  the  plug  is  reasonably  firm  the  sample  tube  is  re¬ 
versed.  This  prevents  the  tube  from  coming  in  contact  with  either 
the  top  or  bottom  of  the  hand  press,  thus  ensuring  that.the  plug 
length  is  exactly  that  between  the  two  plungers.  Sample  is  added 

until  a  firm,  solid  plug  is  ob¬ 
tained.  Any  portion  of  the 
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sample  which  might  adhere  to  the  sides  of  the  tube  above  the  sur¬ 
face  of  the  plug  is  loosened  with  a  sharp-pointed  wire  and  removed. 
The  tube  is  again  weighed  and  placed. in  the  apparatus,  the  two 
nonpermanent  connections  being  made  air-tight.  The  stopcock  is 
then  cautiously  opened  to  the  vacuum,  held  at  less  than  5-mm. 
pressure.  About  one  minute  is  allowed  for  the  system  to  come  to 
equilibrium,  after  which  the  time  for  a  measured  amount  of  air  to 
pass  through  the  plug  is  determined.  The  quantity  of  air  is 
chosen  so  that  the  time  required  is  between  2  and  5  minutes. 

CALCULATION  OF  PARTICLE  SIZE 

For  routine  control  it  is  convenient  to  express  the  specific  sur¬ 
face  area  of  the  pigment  in  terms  of  mean  diameter.  This  is  usu¬ 
ally  done  by  assuming  a  spherical  shape  for  each  particle.  How¬ 
ever,  whether  a  spherical  shape  or  a  rodlike  shape  is  assumed  does 
not  change  the  order  of  magnitude  of  the  mean  cross-sectional 
diameter,  and  in  fact  does  not  change  the  actual  value  appreci¬ 
ably.  This  is  demonstrated  in  Table  II,  in  which  the  mean  cross- 
sectional  diameters  of  a  titanium  dioxide  pigment  calculated  on 
the  basis  of  several  assumed  particle  shapes  are  presented. 

Assuming  a  spherical  particle,  Equation  4  becomes 

6_ 
dmp 

where 

dm  =  mean  cross-sectional  diameter  in  cm. 

By  combining  Equations  4  and  7  and  expressing  dm  in  microns, 
the  following  equation  is  obtained : 
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Figure  3.  Hand  Press 


By  employing  Equations  9A  and  10  the  value  of  dm  may  be  cal¬ 
culated  by  a  simple  graphical  method.  How  this  can  be  accom¬ 
plished  is  shown  in  Figure  4. 


ne,  1946 
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Sure  4.  Chart  for  Determining 
lean  Cross-Sectional  Diameter 
- > 

(Since  L,  17,’  and  A  are  con- 
ants'  and  A.P  is  held  within 
(nits,  variations  within  which 
ive  only  negligible  effect  on 
e  value  of  dm,  the  value  of 
i,  or  K/2,  is  a  function  of  the 
tio  of  the  weight,  W,  of  the 
mple  to  its  specific  gravity, 
and  a  curve  is  drawn  relating 
ese  two  functions.  On  the 
me  graph  is  drawn  a  family 
curves  in  which  K32  is  plotted 
rsus  t/Qi  for  a  series  of  dm 
lues  covering  those  of  the 
;ments  being  measured.  A 
v  preliminary  measurements 
11  determine  what  range  of 
h  and  W/p  values  will  be 
countered  and  therefore  what 
lges  must  be  covered  by  the 
iph.  To  determine  the  value 
dm  for  any  particular  pig- 
nt,  ratios  W /P  and  t/Q2  are 
culated.  Using  the  W/p 
•sus  K32  curve,  the  K-,2  value 
•responding  to  the  W / p  value 
determined.  The  intersec- 
n  of  this  K32  value  with  the 
1*2  ratio  is  then  found  and  the 
ue  of  dm  obtained  by  iter¬ 
ation. 

(This  method  is  reproducible,  as  is  demonstrated  in  Table  III. 
was  recognized  that  there  would  be  several  sources  of  error  in 
aeasurement  of  this  type.  Reference  to  Table  IV  will  dem  - 
trate,  however,  that  if  all  errors  were  cumulative  the  maxi- 
m  deviation  in  the  value  of  dm  would  be  9.6%,  owing  to  experi- 
ntal  errors.  In  actual  practice  the  maximum  deviation  is  aj> 
ximately  5%  of  the  value  of  dm.  This  does  not  appear  too 
;e  in  light  of  the  errors  accompanying  measurements  of  mean 
ss-sectional  diameters  by  other  methods. 

SUMMARY 

1  method  for  determining  the  specific  surface  area  of  pigments 
he  range  of  0.1  to  1.0  micron  has  been  described.  The  met  hod 
eproducible  and  is  easily  modified  for  rapid  control  work.  Al- 
ugh  the  specific  surface  values  obtained  may  not  be  true  val- 
,  accurate  comparisons  of  similar  pigment  types  may  be  made. 
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Simu  It  a  neous  Determination  of  Hydrogen  Sulfide  and 
Carbon  Dioxide  in  a  Continuous  Gas  Stream 

CLYDE  L.  BLOHM  and  FRED  C.  RIESENFELD,  The  Fluor  Corp.,  Ltd.,  Los  Angeles,  Calif. 


method  is  described  for  the  simultaneous  determination  of 
*!rogen  sulfide  and  carbon  dioxide  in  a  continuous  stream  of 
Uiral  gas.  The  two  acidic  gases  are  absorbed  in  standardized 
0  ne  and  barium  hydroxide  solutions.  Only  simple  laboratory 
ft  ipment  is  required. 

THE  course  of  one  of  the  research  projects  of  this  labora- 
jry,  it  was  found  necessary  to  analyze  a  stream  of  natural  gas 
hydrogen  sulfide  and  carbon  dioxide  in  such  a  manner  that  a 
e  number  of  analyses  could  be  taken  which,  at  the  end  of  the 


operation,  could  be  integrated  into  a  quantitative  over-all  bal¬ 
ance. 

Various  methods  are  known  for  determining  hydrogen  sulfide 
and  carbon  dioxide  in  natural  gas.  Hydrogen  sulfide  is  most 
commonly  determined  by  the  Tutweiler  method  {2,  4,  9),  or  by 
one  of  the  cadmium  sulfide  methods  (3,  5).  The  carbon  dioxide 
content  of  the  gas  is  usually  measured  by  absorption  in  sodium 
hydroxide  solution  in  an  Orsat  ( 2 ,  6,  8)  or  Orsat-type  apparatus, 
or  may  be  determined  by  absorption  in  barium  hydroxide  solution 
as  described  by  Martin  and  Green  (7).  When  both  hydrogen 
sulfide  and  carbon  dioxide  are  present,  the  total  acid  gas  content 
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Figure  1.  Diagram  of  Apparatus 

is  measured  by  absorption  in  sodium  hydroxide,  the  hydrogen 
sulfide  determined  by  one  of  the  methods  mentioned,  and  the 
carbon  dioxide  found  by  difference. 

These  methods  were  not  satisfactory  for  the  project  under  in¬ 
vestigation,  mainly  because  they  did  not  provide  means  for 
analyzing  the  gas  stream  continuously  and  simultaneously  for 
both  hydrogen  sulfide  and  carbon  dioxide.  Results  obtained  by 
the  Orsat  and  Tutweiler  methods  represent  merely  individual 
spot  analyses,  and  do  not  indicate  gradually  occurring  changes  of 
the  hydrogen  sulfide  and  carbon  dioxide  content.  For  the  same 
reason,  the  over-all  balance  which  is  calculated  from  such 
analyses  is  inaccurate.  By  using  the  cadmium  sulfide  method, 
the  gas  stream  can  be  analyzed  continuously  for  hydrogen  sulfide, 
but  the  carbon  dioxide  content  still  has  to  be  found  by  spot 
analyses.  Furthermore,  the  equipment  specified  by  the  C.N.G.A. 
(5)  for  this  method  is  complicated  and  difficult  to  clean,  which 
causes  some  difficulties  in  an  operation  that  requires  many 
analyses. 

The  method  which  this  laboratory  has  developed  consists  of 
titrating  the  hydrogen  sulfide  with  standard  iodine  and  the  carbon 
dioxide  with  standard  barium  hydroxide  solution,  using  starch 
and  phenolphthalein  as  the  respective  indicators.  The  chemical 
reactions  upon  which  this  method  is  based  are : 

H2S  +  I,  =  2HI  +  S  (1) 

Ba(OH)2  +  C02  =  BaCCh  +  H20  (2) 

The  advantage  of  this  method  is  that  any  chosen  volume  of  gas 
can  be  analyzed  by  appropriate  variation  of  the  increments  and 
the  strength  of  the  titrating  fluids,  the  gas  stream  can  be  observed 
at  any  given  moment,  and  occurring  changes  detected  immedi¬ 
ately.  However,  the  method  does  not  distinguish  between 
hydrogen  sulfide  and  mercaptans  or  other  reducing  agents.  If 
such  are  present,  the  “apparent”  hydrogen  sulfide  content  is 
determined.  Furthermore,  any  acidic  constituents,  other  than 
carbon  dioxide,  which  would  be  absorbed  by  barium  hydroxide  are 
also  disturbing  factors. 


EXPERIMENTAL  PROCEDURE 

Reagents.  Iodine  solution, 
0. 1  N,  is  prepared  by  dissolving 
approximately  60  grams  of  pure 
potassium  iodide  in  50  ml.  of 
water,  to  which  13  grams  of 
pure  iodine  are  then  added. 
This  solution  is  made  up  to  a 
final  volume  of  1  liter  witl 
distilled  water. 

The  iodine  solution  is  stand¬ 
ardized  with  arsenic  trioxide 
Standard  Sample  83a,  or  sub 
sequent  samples,  of  the 
National  Bureau  of  Standards 
according  to  the  procedure  in¬ 
dicated  in  the  provisions 
certificate  of  analysis  of  Stand¬ 
ard  Sample  83a. 

Barium  hydroxide  solution 
0.25  N,  is  prepared  by  dissolv 
ing  79  grams  of  pure  bariun 
hydroxide  octahydrate  in  ; 
liter  of  distilled  water  free  o 
carbon  dioxide. 

The  barium  hydroxide  solu 
tion  is  standardized  with  0.1  A' 
hydrochloric  acid,  which  ha 
been  standardized  against  0. 
N  sodium  hydroxide.  Acii 
potassium  phthalate  Standan 
Sample  84b,  or  subsequen 
samples,  of  the  Nations 
Bureau  of  Standards  is  used  a 
primary  standard  for  th 
sodium  hydroxide  solutior 
The  procedure  to  be  followei 
is  specified  in  the  provisions 
certificate  of  analysis  of  Standard  Sample  84b. 

Starch  solution,  0.4%. 

Phenolphthalein  solution,  0.1%. 

Apparatus.  The  equipment  used  in  this  method  (Figure  1 
consists  of  two  500-ml.  Pyrex  hydrometer  cylinders,  Ci  and  C: 
modified  by  the  addition  of  a  side  arm,  into  the  top  of  each  c 
which  a  two-holed  neoprene  stopper,  NSi  and  NS2,  is  insertec 
One  of  the  holes  holds  the  gas  inlet,  GIi  and  Gh,  which  is 
sintered-glass  dispersion  tube;  through  the  other  hole  a  50-m 
buret,  Bx  and  B2,  is  inserted  in  such  a  manner  that  its  tip  reache 
into  the  cylinder.  The  side  arm,  GAi  and  GA2,  serves  as  ga 
outlet.  Hi  and  D2  are  drainage  tubes,  through  which  liquid  can  b 
siphoned  from  the  cylinder. 

Bi  is  filled  with  the  standard  iodine  solution  for  the  titration  c 
the  hydrogen  sulfide.  Inasmuch  as  the  gas  dispersion  tube  i 
the  barium  hydroxide  absorber  creates  some  back  pressure  in  tb 
iodine  absorber,  it  is  necessary  to  drive  the  iodine  solution  froi 
the  buret  by  means  of  air  or  neutral  gas  at  a  pressure  of  from  15 
to  250  mm.  of  mercury  which  is  controlled  by  the  regulator,  1 
and  the  manometer,  MA.  This  pressure  necessitates  the  use  of 
spring-loaded  stopcock  on  the  iodine  buret.  B2  is  filled  wit 
standard  barium  hydroxide  solution  for  the  titration  of  tb 
carbon  dioxide.  It  is  necessary  to  close  the  top  of  B2  with  a  sods 
lime  tube  to  protect  the  barium  hydroxide  from  contact  wit 
carbon  dioxide  in  the  air. 

The  connection  between  the  gas  source,  the  two  cylinders,  an 
the  gas  meter,  M,  are  made  by  neoprene  tubing.  Rubber  tubin 
absorbs  small  amounts  of  hydrogen  sulfide  which  causes  ir 
accuracy  in  the  analysis  and,  therefore,  the  use  of  neoprene  tubin 
and  stoppers  is  recommended.  It  is  desirable  to  use  as  shoi 
lengths  of  this  tubing  as  convenient,  using  glass  tubing  to  spa 
any  very  great  distances. 

The  gas  meter,  M,  can  be  any  suitable  displacement  metf 
graduated  in  0.01  liter  or  0.001  cubic  foot. 

Procedure.  Before  the  test  is  started,  Ci  and  C2  are  loade 
with  150  ml.  of  carbon  dioxide-free  distilled  water,  5  ml.  of  0.4f 
starch  solution  and  sufficient  standard  iodine  solution  to  produc 
a  slight  but  permanent  blue  coloration  in  the  solution  are  added  t 
Ci,  and  5  ml.  of  0.1%  phenolphthalein  solution  are  placed  in  C 
Bi  and  B2  are  filled  with  the  respective  titration  fluids. 

A  measured  amount  of  iodine  and  barium  hydroxide  solution 
now  added  to  the  respective  cylinders  and  the  flow  is  started  f 
the  gas  inlet  valve,  GIV,  at  a  rate  of  1  to  2  cubic  feet  per  hou 
As  soon  as  the  iodine  or  barium  hydroxide  solution  is  exhaustei 
which  is  indicated  by  a  color  change  of  the  indicator,  the  g£ 
volume  read  on  the  meter  is  recorded  and  fresh  titration  fluid 
added.  This  procedure  is  continued  throughout  the  entire  te; 
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eriod.  Whenever  the  amount  of  liquid  in  the  cylinder  becomes 
so  large,  sufficient  liquid  is  drained  through  D\  and  Z)2  to  allow 
le  operation  to  be  continued. 

By  decreasing  the  increments  of  titration  fluid  and  the  rate  of 
as  flow,  rather  rapid  changes  in  the  gas  composition  can  readily 
e  detected.  If  gas  of  rather  constant  composition  is  analyzed 
Li'ger  increments  should  be  used.  Furthermore,  in  cases  of  very 
iw  or  very  high  concentrations  of  hydrogen  sulfide  and  carbon 
ioxide,  the  strength  of  the  titration  fluids  may  be  varied.  In 
lis  laboratory,  experiments  run  with  0.01  N,  0.025  N,  0.1  N, 
jad  0.5  N  iodine,  and  with  0.1  Ar,  0.25  N,  and  0.5  N  barium 
ydroxide  solutions  yielded  satisfactory  results. 

,  The  sulfur-  formed  in  (7,  and  the  barium  carbonate  formed  in  C> 
iiring  the  analysis  somewhat  impair  the  detection  of  the  color 
range  of  the  indicator  and  tend  to  block  the  sintered-glass  plate 
1  the  gas  dispersion  tube.  Both  difficulties  can  be  overcome  by 
ime  experience  in  the  operation  and  the  choice  of  coarse  (such  as 
orning  “G”  porosity)  sintered  plates. 


Column  1  is  a  list  of  the  readings  taken  on  the  flowmeter  at 
each  change  of  either  the  starch  or  the  phenolphthalein  indicator. 
The  values  are  in  cubic  feet  and  represent  the  reading  of  the 
meter  at  the  end  of  each  absorption  test.  No  corrections  for 
temperature,  barometric  pressure,  or  water  content  of  the  gas 
are  included  in  these  values. 

The  corrected  volumes  of  gas  passing  through  each  increment 
of  reagent  are  recorded  in  liters  in  column  2.  These  values  are 
corrected  to  the  standard  conditions  customary  in  the  natural  gas 
industry  (60°  F.,  30  inches  of  mercury,  dry)  according  to  the 
formula: 


Corrected  volume  =  observed  volume  X 

520  v  v  P  ~  Pw 
460  +  1  30  p 


CALCULATIONS 


The  calculations  of  three  typical  test  runs,  using  gas  mixtures 
different  composition  and  titrating  fluids  of  different  strength, 
e  shown  in  Table  I. 


where 

t  =  observed  temperature  in  °  F. 
p  =  observed  barometric  pressure  in  inches  of  mercury 

pw  =  vapor  pressure  of  water  at  observed  tern 
_  perature  in  inches  of  mercury 


Table  I.  Typical  Test  Runs 


Gas 

Gas 

'otill 

per 

per 

h2s. 

C02 

etered  Gas 

H2S 

C02 

Iodine 

h2s 

Con-  Ba(OH)2 

co2 

Con¬ 

i’low  Tested 

Test 

Test  Increment 

Calcd. 

tent  Increment 

Calcd. 

tent 

u.  feet  Liters 

Liters 

Liters 

Ml. 

Ml. 

%  Ml. 

Ml. 

% 

Run 

1,  Iodine  Normality  0.0984,  Ba(OH)2 

Normality  0.4226*1 

.089  2 . 533 

2.384 

25.0 

29.1 

1.15 

.098  2 . 763 

2)600 

25.0 

125)0 

4 . 52 

.181  2.336 

2.198 

25.0 

125.0 

5.35 

.182  2.621 

2!  466 

25.0 

29.1 

1.11 

.263  2  307 

2. 171 

25.0 

125)0 

5  42 

.273  2.563 

2  412 

25.0 

29.1 

1.14 

345  2.307 

2)  in 

25.0 

125.0 

5.42 

365  2.592 

2 )  439 

25.0 

29.1 

1.12 

425  2.251 

2)  lis 

25.0 

125)0 

5 . 55 

458  2.621 

2.466 

25  0 

29.  i 

1.11 

507  2.307 

2)171 

25.0 

125.0 

5.42 

549  2.563 

2. 4i2 

25.0 

29.1 

1  14 

588  2.278 

2)  i44 

25.0 

125.0 

5.49 

642  2.621 

2 )  466 

25.0 

29.1 

1.11 

671  2.336 

2  )  i98 

25.0 

125)0 

5 . 35 

735  2.621 

2 .'  466 

25.0 

29 . 1 

1.11 

753  2 . 307 

2)l71 

25.0 

125.0 

5 .42 

826  2 . 563 

2)412 

25.0 

29.1 

1.14 

835  2.307 

2)  in 

25.0 

125’.0 

5.42 

918  2.563 

2 . 4  i  2 

25.0 

29.1 

1.14 

I  Run  2,  Iodine 

Normalitj 

0.00955,  Bi(OH); 

Normality  0.230 6^ 

0085  2  302 

2.244 

25  0 

,2.83 

0.12 

129  3.508 

3)419 

25.0 

68.2 

1.94 

181  2.604 

2 '538 

25.0 

2 )  83 

0  11 

227  2.658 

2)591 

25.0 

68.2 

2.56 

277  2.604 

2 )  538 

25 .0 

2  83 

Oil 

324  2.631 

2)564 

25.0 

68.2 

2.59 

375  2.658 

2)591 

25.0 

2.83 

0  11 

423  2 . 686 

2)618 

25.0 

68.2 

2 . 54 

473  2.658 

2 '591 

25 .0 

2)83 

0.11 

523  2.718 

2)645 

25.0 

68.2 

2.51 

571  2.658 

2)591 

25 .0  ■ 

2)82 

Oil 

623  2.718 

2 . 645 

25.0 

68.2 

2.51 

669  2 . 658 

2!591 

25.0 

2)82 

0  11 

722  2.686 

2.618 

25.0 

68.2 

2.54 

768  2.686 

2)6i8 

25.0 

2.82 

0.11 

823  2.740 

2)671 

25.0 

68.2 

2.49 

867  2.686 

2 )  sis 

25.0 

2.82 

0.11 

923  2.718 

2)645 

25.0 

68.2 

2 .51 

965  2 . 658 

2)591 

25  0 

2.82 

0  11 

022  2.718 

2 . 645 

25.0 

68.2 

2.51 

Run  3,  Iodine  Normalit 

v  0.3431,  Ba(OH)) 

Normality  0.1052c 

093  2.513 

2.458 

25  0 

31.2 

1.24 

099  2.678 

2 )  623 

20.0 

si )  6 

3  05 

186  2.513 

2.458 

25.0 

31.2 

1.24 

1200  2.731 

2)676 

20.0 

si  .6 

2  99 

275  2 . 406 

2:351 

25.0 

31.2 

1.30 

299  2.678 

2)623 

20.0 

81.6 

3.05 

364  2.406 

2)351 

25.0 

31.2 

1.30 

399  2.705 

2)650 

20.0 

81  )6 

3.02 

452  2 . 380 

2 )  325 

25.0 

31. 2 

1.31 

1499  2.705 

2)650 

20.0 

81  )6 

3.02 

540  2 . 380 

2  325 

25.0 

31.2 

1.31 

600  2.731 

2)  676 

20.0 

81  )6 

2.99 

625  2 . 300 

2 )  245 

25.0 

31.2 

1.35 

'702  2 . 758 

2)703 

20.0 

81 .6 

2.96 

711  2.326 

2)271 

25.0 

31. 2 

1.34 

,803  2  731 

2)676 

20 .0 

8l)6 

2.99 

826  2 . 300 

2)245 

....  * 

25  0 

31.2 

1.35 

H2S,  %.  Tutweiler,  1.14;  C.N.G. 

A.,  1.14. 

co2,  %. 

Orsat,  5.46. 

:  H2S,  %.  Tutweiler,  0. 1 1 ;  C.N.G.A.,  0.11. 

co2,  %. 

Orsat,  2.59. 

HjS,  %.  Tutweiler,  3.03;  C.N.G. 

4.,  3.03. 

co2,  %. 

Orsat,  1.32. 

These  values  are  further  corrected  for  the  acid 
gas  absorbed  during  the  analysis.  If  gas  of  rather 
constant  acid  gas  content  is  analyzed,  this  correc¬ 
tion  is  found  by  calculating  the  hydrogen  sulfide 
and  carbon  dioxide  absorbed  from  the  total 
volume  of  titrating  fluid  used  in  the  test  run  and 
subsequently  adding  an  average  prorated  volume 
to  each  increment.  In  cases  of  varying  acid  gas 
concentration,  the  acid  gas  volume  to  be  added 
to  the  discharge  volume  has  to  be  prorated  from 
increment  to  increment.  The  error  in  both  meth¬ 
ods  is  very  small  and  well  below  the  reading 
error  on  the  meter.  Finally,  there  must  be  sub¬ 
tracted  from  the  volume  read  on  the  meter  the 
gas  displaced  from  each  absorber  on  the  addition 
of  titrating  fluid.  For  convenience  in  computa¬ 
tion,  the  input  gas  volume  is  calculated  in  liters, 
since  all  other  volume  measurements  are  made  in 
metric  units. 

The  corrected  volumes  of  gas  passing  through 
the  apparatus  for  each  test  are  recorded  in  liters  in 
columns  3  and  4. 

Columns  5  and  8  indicate  the  increments  of 
standard  iodine  and  barium  hydroxide  solution  in 
milliliters. 

Columns  6  and  9  show  the  calculated  volumes 
of  hydrogen  sulfide  and  carbon  dioxide  corre¬ 
sponding  to  each  increment  of  titrating  fluid  i 

1  ml.  of  0.1  N  iodine  =  1.183  ml.  of  hydrogen- 

sulfide  at  60°  F.  and  30  inches  of  mercury 
1  ml.  of  0.1  N  barium  hydroxide  =  1.183  ml.  of 

carbon  dioxide  at  60  °  F.  and  30  inches  of  mercury 

In  columns  7  and  10,  the  hydrogen  sulfide  and 
carbon  dioxide  contents  of  the  gas  are  listed  in 
volume  per  cent. 

For  purposes  of  comparison,  results  of  analyses 
by  the  Tutweiler  and  C.N.G.A.  methods  for  hy¬ 
drogen  sulfide  and  by  the  Orsat  method  for  car¬ 
bon  dioxide  are  given  in  footnotes  a,  b,  and  c. 

If  it  is  desired  to  express  the  hydrogen  sulfide 
•value  in  grains  per  100  standard  cubic  feet  the 
percentage  has  to  be  multiplied  by  628.9. 

DISCUSSION 

As  can  be  seen  from  Table  I,  the  results  ob¬ 
tained  by  the  proposed  method  check  well  with 
values  from  analyses  by  the  customary  methods. 
The  probable  accuracy  of  the  Orsat  method,  with 
good  equipment  is  dependent  largely  on  buret 
reading  error.  This  is  stated  to  be  of  the  order 
of  0.05  to  0.1  ml.  ( 8 ).  Thus,  on  a  gas  con- 
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taining  10%  acidic  constituents,  the  percentage  error  would 
be  ±0.5  to  1.0%  on  a  100-ml.  sample.  The  C.N.G.A.  method 
is  said  to  be  accurate  to  within  5%  (presumably  ±5%,  4), 
but  here  again  the  percentage  error  is  dependent  on  the  total 
amount  of  material  measured.  The  accuracy  of  the  Tutweiler 
method  is  dependent  largely  upon  the  iodine  buret  reading  error. 
If  this  error  is  ±0.05  ml.,  the  use  of  5  ml.  of  iodine  solution  would 
give  a  percentage  error  of  ±  1  %.  Thus  it  is  seen  that  the  method 
herein  described  has  a  probable  accuracy  of  the  same  order  of 
magnitude  as  that  of  the  customary  methods. 

The  first  value  in  a  series  of  determinations  has  to  be  discarded 
because  some  gas  is  consumed  for  the  saturation  of  the  liquids  in 
the  absorption  cylinders,  which  causes  erroneous  meter  readings. 
Subsequently,  the  variations  between  successive  determinations 
should  not  be  greater  than  ±2.5%.  This  accuracy  holds  for  a 
wide  range  of  acid  gas  concentrations  and  diminishes  only  if  the 
acid  gas  content  is  very  low  and  very  small  increments  of  titrating 
fluids  have  to  be  used.  The  method  is  applicable  to  practically 
every  concentration  of  hydrogen  sulfide  and  carbon  dioxide 
occurring  in  natural  gas,  since  accurate  analyses  can  be  obtained 
by  appropriate  variations  of  the  strength  and  the  increments  of 
the  titrating  solutions. 

The  method  is  readily  adapted  to  routine  field  testing  by 
measuring  the  solutions  into  the  absorption  cylinders  by  accu¬ 
rately  calibrated  pipets,  and  then  passing  the  gas  through  the 
solution  until  the  indicators  change  color.  From  the  meter 
readings  and  the  amount  of  standard  solutions  used,  the  acid  gas 
content  of  such  spot  samples  may  be  calculated.  However,  the 


increments  of  iodine  and  barium  hydroxide  have  to  be  chosen  ir 
such  a  manner  that  the  barium  hydroxide  is  exhausted  first  ir 
order  to  avoid  erroneous  results  due  to  absorption  of  hydroger 
sulfide  in  the  barium  hydroxide  solution. 

CONCLUSIONS 

An  analytical  method  has  been  developed  for  the  continuou: 
and  simultaneous  determination  of  hydrogen  sulfide  and  carboi 
dioxide  in  a  stream  of  natural  gas,  using  standard  iodine  ant 
barium  hydroxide  solutions  as  titrating  fluids. 

The  results  found  by  this  method  are  accurate  and  compari 
favorably  with  results  obtained  by  methods  customary  in  the  ga; 
industry. 

Slightly  modified,  the  method  can  be  used  for  routine  work  ii 
the  field. 
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Analysis  for  Naphthene  Ring  in  Mixtures  of  Paraffins  and 

Naphth  enes 

M.  R.  LIPKIN,  C.  C.  MARTIN,  AND  S.  S.  KURTZ,  JR.,  Sun  Oil  Company,  Experimental  Division,  Norwood,  Pa. 


A  new  method  based  on  the  temperature  coefficient  of  density  and 
either  density  or  refractive  index  is  recommended  for  the  analysis 
of  ring  content  in  mixtures  of  paraffins  and  naphthenes.  When 
tested  on  pure  compound  data  it  shows  an  average  deviation  of  8% 
due  mainly  to  isomer  effect.  The  accuracy  of  the  method  is  de¬ 
pendent  to  some  extent  on  the  degree  of  condensation  of  the 
naphthene  rings,  and  is  unsatisfactory  for  bridged  ring  naphthenes 
and  single  naphthene  rings  containing  more  than  eight  carbon  atoms 
in  the  ring.  The  new  method  is  compared  with  the  older  methods  of 
Davis  and  McAllister,  and  Vlugter,  Waterman,  and  van  Westen. 

THIS  paper  continues  a  general  investigation  of  the  interrela¬ 
tionship  of  physical  properties  and  their  use  in  analytical 
methods  for  hydrocarbons  (7,  9-14,  17,  22)  and  is  concerned  with 
the  determination  of  weight  per  cent  ring  carbon  atoms  in  mix¬ 
tures  of  paraffins  and  naphthenes.  Per  cent  ring  is  arbitrarily 
defined  as  100  times  the  ratio  of  the  ring  carbon  atoms  to  the 
total. carbon  atoms,  and  must  be  distinguished  from  per  cent 
naphthenes  which  is  the  percentage  of  naphthenic  molecules  and 
includes  both  ring  and  side  chain. 

Two  methods  for  obtaining  a  naphthene  ring  analysis  have  been 
published.  The  method  developed  by  Davis  and  McAllister  ( 2 ) 
is  based  on  molecular  volume  and  molecular  weight  and  gives 
number  of  ring  carbon  atoms.  This  method  requires  two  proper¬ 
ties,  density  and  molecular  weight  ,  and  the  accuracy  is  dependent 
to  some  extent  on  the  degree  of  condensation  of  the  naphthene 
rings.  Schiessler  et  al.  (18)  have  pointed  out  the  systematic 
deviation  of  this  equation  for  high  molecular  weight  hydrocarbons 


and  have  worked  out  a  correction  for  use  in  this  range.  Thi 
systematic  deviation  is  not  surprising  in  view  of  the  meager  pur 
compound  data  available  in  1930  when  the  Davis  and  McAlliste 
paper  was  published. 

The  method  for  per  cent  naphthene  ring  developed  by  Vlugte] 
Waterman,  and  van  Westen  (20,  21)  is  based  on  a  correlation  c 
Lorentz-Lorenz  specific  refraction  and  molecular  weight,  and  n 
quires  three  properties,  density,  refractive  index,  and  molecuk 
weight.  The  use  of  three  physical  properties  instead  of  two,  as  i 
the  Davis  and  McAllister  method,  introduces  an  addition* 
variable  involving  a  knowledge  of  the  size  of  the  naphthene  rin£ 
(cyclopentane  or  cyclohexane  types).  Thus,  in  the  analysis  c 
petroleum  fractions  by  the  Waterman  method  it  becomes  nece* 
sary  to  make  assumptions  regarding  the  size  and  degree  of  cor 
densation  of  the  naphthene  rings.  It  is  usually  assumed  that  tb 
naphthene  rings  are  condensed  cyclohexanes,  since  for  this  corn 
lation  that  type  of  ring  structure  best  represents  the  average  fc 
all  naphthenes. 

In  the  initial  stages  of  this  work  it  was  found  that  there  wei 
many  combinations  of  physical  properties  which  would  give 
correlation  for  determining  weight  per  cent  ring.  The  metho 
presented  is  based  on  the  temperature  coefficient  of  density  an 
density  or  refractive  index.  No  other  combinations  of  property 
were  found  which  gave  a  better  correlation.  The  temperatui 
coefficient  of  density  is  derived  from  molecular  weight  (13 
which  is  easily  determined  from  other  laboratory  inspection  tesl 
by  means  of  the  correlations  of  Hirschler  (7),  or  Mills,  Hirschle 
and  Kurtz  (17). 
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Figure  1 
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Weight  %  ring  = 


A  +  190.0d  -  217.9 
0.593d  -  0.249 


(1) 


where 

d  =  density  at  20  °  C. 

A  =  — 105  X  temperature  coefficient  of  density 
(<*)  derived  from  molecular  weight  (see 
Table  I) 


Figure  3  demonstrates  that  this  method  of  in¬ 
terpolation  is  satisfactory  for  naphthenic  hydro¬ 
carbons  ;  the  deviations  of  the  calculated  from  the 
experimental  weight  per  cent  ring  for  the  alkyl 
cyclohexanes  and  alkyl  cyclopentanes  are  shown. 
The  greatest  deviations  seem  to  be  in  the  initial 
members  of  the  series;  this  irregularity  is  common 
to  most  physical  properties  of  these  hydrocarbons. 

Table  II  demonstrates  that  the  method  is  also 
satisfactory  for  mixtures  of  paraffins  and  naph¬ 
thenes.  In  three  examples  hypothetical  properties 
for  binary  mixtures  of  a  paraffin  and  a  naph¬ 
thene  at  several  different  concentrations  have 
been  calculated.  Hydrocarbons  which  agree  fairly 
well  with  the  correlation  were  chosen  for  these 
calculations.  Two  sets  of  the  mixtures  shown 
consist  of  hydrocarbons  which  would  not  ordi¬ 
narily  be  encountered  together,  but  the  results  on 
these  serve  to  indicate  that  the  method  is  useful 


Tabic  I.  Relation  of  Molecular  Weight  and  Temperature  Coefficient 

of  Density 


Molecular 

Weight 

Aa 

Molecular 

Weight 

Aa 

Molecular 

Weight 

Aa 

Molecular 

Weight 

Aa 

70 

98. 4b 

92 

89.0 

140 

78.5 

260 

68.5 

71 

97 . 9b 

94 

88.4 

143 

78.0 

271 

68.0 

72 

97.4 

96 

87.8 

147 

77.5 

284 

67.5 

73 

96.9 

98 

87.3 

150 

77.1 

297 

67.0 

74 

96.4 

100 

86.7 

153 

76.7 

310 

66 . 5 

75 

96.0 

102 

86.1 

156 

76.3 

324 

66.0 

76 

95.5 

104 

85.6 

159 

75.9 

340 

65 . 5 

77 

95.0 

106 

85.1 

163 

75.5 

357 

65 . 0 

78 

94.5 

108 

84.6 

167 

75.0 

374 

64.5 

79 

94.1 

110 

84.1 

172 

74.5 

394 

64.0 

80 

93.6 

112 

83.7 

177 

74.0 

415 

63.5 

81 

93.2 

114 

83.2 

182 

73.5 

439 

63.0 

82 

92.8 

116 

82.8 

187 

73.0 

467 

62.5 

83 

92.3 

118 

82.4 

193 

72.5 

499 

62.0 

84 

91.9 

120 

82.0 

199 

72.0 

538 

61.5 

85 

91.5 

122 

81.6 

205 

71.5 

586 

61.0 

86 

91.1 

125 

81.0 

213 

71.0 

643 

60.5 

87 

90.7 

128 

80.5 

221 

70.5 

718 

60.0 

88 

90.4 

131 

80.0 

229 

70.0 

805 

59 . 5 

89 

90  0 

134 

79.5 

239 

69.5 

902 

59.0 

91 

89.4 

137 

79.0. 

249 

69.0 

■“  .4  =  - 

10s  X  a 

(temperature  coefficient  of  density  at  20 

°  C.). 

b  These  values  are  probably  less  accurate  than  the  others. 


for  samples  of  wide  boiling  range. 

In  the  region  above  0.861  density,  saturated  petroleum  frac¬ 
tions  consist  mainly  of  naphthenes  as  shown  by  the  work  of  Mair, 
Willingham,  and  Streiff  (16),  which  indicates  that  paraffins  do  not 
exist  in  lubricating  oils.  A  second  equation  was  derived  for  this 
region,  assuming  that  the  percentage  of  paraffin  plus  paraffin  side 
chain  can  be  obtained  by  interpolation  between  the  naphthene 
ring  line  and  the  limiting  paraffin  point  along  a  straight  line 
drawn  through  the  point  representing  the  sample.  Thus,  for 
d  >  0.861 


Weight  %  ring 


A  +  102. 8d  -  142.8 
0.262 


(2) 


Above  0.861  density,  the  naphthene  ring  line  is  a  compromise 
line  midway  between  the  condensed  and  noncondensed  naphthene 
rings.  This  assumes  an  equal  distribution  of  the  condensed  and 
noncondensed  types  and  introduces  an  uncertainty  which  be¬ 
comes  larger  with  increasing  number  of  rings  per  molecule.  If 
one  type  predominates  in  the  tri-  and  tetracyclic  range,  the  error 
may  be  as  great  as  5  to  10%.  When  our  state  of  knowledge  is 


sufficiently  advanced  that  we  know  the  relative  amounts  of  con- 


DERIVATION  OF  EQUATIONS 

It  was  found  on  plotting  density  versus  the  temperature  co¬ 
efficient  of  density  for  paraffins  and  noncondensed  naphthene 
rings  containing  no  chain  (Figure  1),  that  linear  relationships 
exist  for  each  of  these  two  classes  of  hydrocarbons.  A  third 
straight  line  branching  from  the  noncondensed  naphthene  ring 
line  can  be  drawn  through  the  data  for  condensed  naphthene 
rings. 

As  shown  in  Figure  2,  the  addition  of  a  side  chain  to  a  naphthene 
ring  causes  the  properties  to  approach  those  of  a  paraffin  of  in¬ 
finite  molecular  weight  and  the  degree  of  approach  is  roughly 
proportional  to  the  percentage  of  chain.  The  density  of  the 
paraffin  of  infinite  molecular  weight,  sometimes  known  as  the 
limiting  paraffin,  is  0.861  (10).  For  mixtures  of  paraffins  and 
naphthenes  in  the  region  below  0.861  density,  an  equation  was 
derived  assuming  the  percentage  of  paraffin  plus  paraffin  side 
chain  can  be  obtained  by  interpolation  between  the  paraffin 
line  and  the  naphthene  ring  line,  along  a  line  of  constant  density. 
Thus,  for  d  <  0.861 


CO 
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Table  II.  Agreement  of  Calculated  with  Theoretical  Weight  Per  Cent  Naphthene 
Ring  for  Hypothetical  Binary  Mixtures 


Hvpothetical 

Mole  % 
of 

Molecu¬ 

lar 

%  Ring  Carbons 

Mixtures 

Paraffin 

Weight 

d2°<. 

A 

Calcd. 

Theoretical  Deviation 

l-Methyl-2-amyl 

0 

168.3 

0.8146 

74.9 

50 

50 

0 

cyclohexane 

20 

171.5 

0.8028 

74 . 5 

40 

39 

1 

(CisHzi)  with 

40 

174.8 

0.7917 

74.2 

30 

29 

1 

5-butylnonane 

60 

177.9 

0.7814 

73.9 

21 

19 

(C13H28) 

80 

181.2 

0.7717 

73.6 

11 

9 

2 

too 

184.4 

0 . 7624 

73.3 

1 

0 

I 

2-Ethvldecalin 

0 

166.3 

0.8702 

75.1 

83 

83 

0 

(C12H22)  with 

25 

149.8 

0.8346 

77.1 

72 

70 

2 

3,3-dimethyl- 

50 

133.2 

0.7940 

79.6 

57 

.53 

4 

pentane  (C7H16) 

75 

116.7 

0.7474 

82.7 

35 

30 

5 

100 

100.2 

0 . 6933 

86.6 

2 

0 

2 

Cyclohexane 

0 

84.2 

0.7786 

91.8 

102 

100 

2 

(CsHi2)  with  n- 

20 

101.4 

0.7683 

86.3 

70 

67 

3 

dodecane 

40 

118.6 

0.7612 

82.3 

45 

43 

2 

(C12H26) 

60 

135.9 

0 . 7559 

79.2 

25 

25 

5 

80 

153. 1 

0.7519 

76.7 

9 

11 

_ 2 

100 

170.3 

0.7488 

74.7 

—  5 

0 

—  5 

carbons  were  assembled  from  the  compilations  of 
Doss  (S),  Ward  and  Kurtz  {22),  Egloff  (5),  Eaton  (4) 
and  A.P.I.  Research  Projects  No.  42  {18,  24)  and 
No.  44  {1,  19). 


a  Densities  calculated  on  volume  %  basis  assuming  no  volume  change  on  mixing. 


densed  and  noncondensed  naphthenes  in  different  petroleum 
fractions,  we  can  replace  Equation  2  with  two  separate  equa¬ 
tions  for  condensed  and  noncondensed  naphthene  rings. 

A  plot  similar  to  the  density  versus  A  correlation  may  be  de¬ 
rived  by  plotting  refractive  index  against  A,  and  an  alternative 
set  of  equations  have  been  derived  in  terms  of  these  properties 


For  n  <  1.478 


Weight  %  ring  = 


A  +  374.1w  -  607.2 
1.152a  -  1.471 


.  (1A) 


ACCURACY 

Equations  1,  1A,  2,  and  2A  have  been  tested  on 
(Hire  compound  data  for  the  paraffins  and  the  mono- 
and  polycyclic  cyclopentanes  and  cyclohexanes 
(Table  III).  The  average  deviation  is  8%.  The 
data  on  bridged  ring  compounds  and  rings  contain¬ 
ing  more  than  six  carbon  atoms  have  been  excluded 
from  Table  III  because  the  “bridged  ring  compounds 
show  more  than  the  true  amount  of  ring  as  demon¬ 
strated  in  Table  IV,  and  single  rings  containing  more 
than  eight  carbon  atoms  show  less  than  the  true 
amount  of  ring  as  demonstrated  in  Figure  4;  which 
contains  data  for  single-ring  saturated  hydrocarbons 
without  side  chain  from  5  to  34  carbon  atoms. 

As  shown  in  Figure  4,  the  calculated  per  cent  ring 
decreases  with  increasing  ring  size.  The  calculated  percentage  of 
ring  drops  to  30%  for  a  single-ring  naphthene  containing  25  carbon 
atoms  and  no  side  chain.  For  rings  larger  than  25  carbon  atoms 
there  does  not  appear  to  be  any  further  drop  in  the  calculated 
percentage  of  ring.  This  may  mean  that  large  rings  tend  to 
collapse  and  become  more  chainlike  in  nature. 

In  the  analysis  of  petroleum  fractions  we  need  not  expect  too 
much  trouble  from  these  anomalies,  since  rings  larger  than  six 
carbon  atoms  have  not  yet  been  isolated  from  petroleum,  and  the 


For  n  >  1.478 


Weight  %  ring  = 


.4  +  232.9a  -  398.4 
0.232 


(2A) 


Where  n  =  refractive  index  at  20 0  C.  for  the  D  line  of  sodium. 


The  authors  recommend  use  of  Equations  1  and  2  derived  in 
terms  of  temperature  coefficient  of  density  and  density.  Equa¬ 
tions  1A  and  2A  appear  to  be  slightly  less  accurate,  but  may  be 
used  as  an  alternative  when  it  is  more  convenient  to  obtain  re¬ 
fractive  index  than  density.  Inspection  of  these  equations  indi¬ 
cates  that  weight  per  cent  ring  can  also  be  calculated  from  density 
and  refractive  index  alone.  This  calculation  has  been  found  to 
give  considerably  greater  error  and  is  not  recommended. 

The  four  equations  were  derived  from  the  physical  property 
data  on  the  normal  paraffins  and  naphthene  rings  without  side 
chain.  A  slight  adjustment,  however,  was  necessary  to  obtain  a 
better  fit  with  the  data  for  the  whole  mass  of  paraffins  and 
naphthenes.  Therefore  the  final  equations  do  not  agree  exactly 
with  the  lines  shown  in  Figures  1  and  2.  The  data  on  pure  hydro- 


NAPHTHENE  WITHOUT  SIDE  CHAIN 


Figure  4 


Table  III.  Comparison  of  Methods  for  Pure  Compound  Data 


Calculated  Weight  Per  Cent  Ring 


No.  of 

Average  Deviation® 

Deviation  of  Average*" 

Maximum  Deviation 

Com- 

Water- 

Water- 

• 

Water- 

Hydrocarbon  T3  pes 

pounds 

A-dc 

A-nd 

Davis 

man 

•4-d 

A—n 

Davis 

man 

A-d 

A-n 

Davis 

man 

Paraffins 

Monocyclics 

224 

7 

7 

9 

6 

0 

0 

6 

3 

—  55 

-68 

-63 

121 

Cs  ring 

56 

6 

9 

11 

5 

_2 

-7 

—  7 

—  *2 

-19 

-27 

-20 

-  14 

C6  ring 

Dicyclics  noncondensed 

115 

8 

9 

10 

11 

i 

1 

- 1 

-10 

+  28 

+44 

-91 

+  51 

C5  rings 

7 

2 

5 

6 

G 

- 1 

-4 

—  2 

-  4 

-  6 

+27 

-15 

-  9 

C6  rings 

26 

5 

7 

7  . 

21 

-4 

2 

2 

-17 

-13 

+  16 

39 

51 

Mixed  Cb  and  C6  rings 

Dicyclics  condensed 

7 

.  6 

6 

6 

15 

-6 

-6 

-6 

— 15 

-13 

+  31 

-11 

-19 

Cs  rings 

4 

8 

10 

8 

13 

6 

1 

1 

10 

+  14 

+  12 

-12 

19 

C6  rings 

32 

6 

5 

9 

S 

5 

6 

8 

—  7 

+  18 

+37 

25 

—  51 

Mixed  Cb  and  C<s  rings 

7 

8 

6 

7 

10 

8 

5 

7 

4 

+  12 

+  9 

10 

16 

Tricyclics 

13 

10 

10 

9 

18 

-3 

-2 

4 

-12 

+  25 

+39 

36 

-41 

Tetracyclics 

6 

10 

9 

8 

19 

-6 

0 

5 

-17 

-14 

+  18 

22 

-59 

Average  (according  to  No.  of  compounds) 

7 

8 

8 

12 

0 

0 

2 

-  6 

a  Without  regard  to  sign.  *>  Taking 
1A  or  2A. 

sign  into 

account. 

c  (A- d) 

refers  to 

calculation  by  Equations  1  or  2. 

d  (A- 

■n)  refers  to 

calculation  by  Equation! 
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Table  IV.  Comparison  of  Methods  for  Saturated  Bridged  Ring 

Compounds 

Deviation  of  Calculated  Weight  %  Ring 


Compounds 

A-d 

A-n 

Davis 

V  C— 

14 

11 

12 

C\>-° 

25 

22 

27 

c 

1 

c— c 

-7 

-16 

18 

i  i 

<U-i 


24 


14 


25 


20 


31 


28 


tanz  (15).  A  comparison  is  made  of  weight  per  cent  ring  calcu¬ 
lated  from  Equation  1  with  values  calculated  from  carbon  and 
hydrogen  content,  assuming  a  variety  of  possible  naphthene 
ring  structures  in  mixtures  with  paraffin,  where  the  carbon  and 
hydrogen  value  show  naphthene  to  be  present.  As  shown  in 
Table  VIII,  the  agreement  is  good. 

In  the  routine  use  of  this  method  for  the  high  melting  point 
waxes,  weight  per  cent  ring  can  be  determined  from  melting 
point  and  refractive  index  in  the  liquid  state,  usually  at  80°  C. 
The  molecular  weight  is  then  calculated  from  refractive  index 
and  melting  point  by  the  method  of  Mills,  Hirschler,  and 
Kurtz  (17),  and  the  refractive  index  is  corrected  to  20°  C.  using 
Equations  1  and  2  (IS).  The  latter  equation  is  sufficiently  ac¬ 
curate  for  the  purpose  of  this  paper,  although  it  is  not  in  general 
recommended  for  correcting  refractive  index  over  a  wide  range 
of  temperature.  The  application  of  this  type  of  analysis  to  aro¬ 
matic  rings  is  being  studied. 
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bridged  ring  structures  which  have  been  shown  to  be  present  are 
probably  in  small  concentration  in  most  crudes. 

As  shown  in  Table  III,  accuracy  of  the  recommended  method  is 
only  slightly  better  than  obtained  with  the  Davis-McAllister  and 
Waterman  methods  when  compared  on  the  basis  of  the  whole 
mass  of  pure  compound  data.  (The  Waterman  method  in  this 
case  has  been  used,  assuming  .the  condensed  cyclohexane  type  of 
ring  structure  is  the  predominant  polycyclic  naphthene  type.) 
However,  a  comparison  on  hydrocarbon  fractions  of  higher 
molecular  weight  shows  a  pronounced  difference  between  the 
recommended  method  and  these  other  methods.  In  general,  the 
Davis-McAllister  method  gives  results  which  are  on  the  average 
as  much  as  10%  higher  than  the  A-density  method,  and  the 
Waterman  method  gives  results  which  are  as  much  as  5%  lower 
(see  Tables  V,  VI,  VII).  Work  done  by  A.P.I.  Project  No.  42 
(18,  24)  shows  that  the  A -density  method  is  accurate  within  2  to 
3%  on  the  pure  compounds  of  high  molecular  weight.  This 
indicates  the  recommended  method  is  probably  the  most  accurate 
in  the  high  molecular  weight  range. 

The  Davis  and  McAllister  method  and  the  A-density  method 
both  use  the  same  physical  properties,  molecular  weight  and 
density,  so  that  it  is  not  reasonable  to  believe  that  one  would  be 
i  subject  to  more  variables  than  the  other.  It  is  only  because  the 
present  correlators  had  more  and  better  data  that  the  new 
correlation  shows  less  deviation. 

An  example  of  the  accuracy  of  this  method  for  unusual  ma¬ 
terials  is  demonstrated  on  three  petroleum  wax  fractions  origi¬ 
nally  reported  by  Ferris,  Cowles,  and  Henderson  (6),  and  later 
analyzed  for  carbon  and  hydrogen  content  by  Mair  and  Schick- 
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(1)  Am.  Petroleum  Inst.,  Research  Project  44,  National  Bureau  of 
Standards.  Selected  Values  of  Properties  of  Hydrocarbons 
as  of  June  30.  1945. 


Table  V.  Comparison  of  Methods  for  Hydrogenated  Lube  Oil 
Extracts  of  Mair,  Willingham,  and  Streiff  (76) 


Weight  % 
Ring 

Deviation  from  A 

—  d  Method 

Fractions 

A-d 

A-n 

Davis 

\V  aterman 

B-12-H 

74 

3 

10 

—  5 

B-16-H 

72 

3 

10 

-6 

B-19-H 

70 

3 

5 

-7 

C-l-H 

78 

4 

10 

-3 

C-7-H 

77 

3 

13 

—  5 

C-13-H 

75 

3 

11 

—  5 

C-20-1I 

69 

3 

11 

-5 

C-(26  +  27)-H 

60 

3 

11 

-4 

C-30-H 

56 

2 

10 

-6 

C-33-H 

51 

2 

9 

-6 

C-35-H 

47 

2 

7 

-7 

C-37-1I 

43 

2 

7 

-10 

C-res-H 

34 

0 

4 

-  10 

E-l-H 

75 

4 

12 

-7 

E-25-H 

50 

3 

12 

-4 

Deviation  of  average 

3 

10 

-6 

Table  VI.  Comparison  of  Methods  for  Hydrogenated  Olefin 
Polymers  of  Waterman,  Leendertse,  and  Makkink  (23) 


Weight  % 
Ring 

Deviation  from  .4- 

-d  Method 

Fractions 

A- d 

A-n 

Davis 

Waterman 

II 

6 

-i 

5 

0 

IV 

5 

0 

7 

.  -2 

I' 

11 

1 

7 

-4 

II' 

13 

1 

6 

-4 

IIP 

12 

1 

6 

-4 

IV' 

17 

1 

5 

-6 

V' 

16 

0 

6 

-5 

VI' 

18 

1 

6 

-7 

Deviation  of  average 

1 

6 

-4 

Table  VII.  Comparison  of  Methods  for  Hydrogenated  Gas  Oils 

of  Kreulen  (8) 


Weight  % 
Ring 

Deviation  from  A- 

-d  Method 

Fractions 

A- d 

A—n 

Davis 

Waterman 

i 

68 

-4 

-i 

-8 

2 

66 

-2 

2 

-4 

3 

65 

0 

5 

-4 

4 

47 

-5 

1 

-5 

6 

49 

-5 

1 

-5 

5 

42 

—  4 

2 

-6 

11 

43 

-3 

-6 

-8 

7 

45 

-5 

1 

-5 

8 

31 

-3 

3 

-4 

9 

28 

-3 

4 

'  -2 

10 

33 

-3 

3 

-5 

Deviation  of  average 

-3 

1 

—  5 
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Table  VIII.  Accuracy  of  Calculation  for  Three  Wax  Fractions  Refined  by 

Ferris  et  a/.  (6) 


Fraction 


Calcd.  bjr 
Equation 
1 


Weight  Per  Cent  Ring 


Calculated  from  Empirical  Formula0  Determined  by  Mair  and 
Schicktanz  (15),  Assuming  Mixtures  of  Paraffins  with  Naphthenes 
of  Following  Types: 


One  or  more 

/\/\ 


One  or  more 
cyclohexane 
rings  per 
molecule 


r 
per  molecule 


One  or  more 
cyclopentane 
rings  per 
molecule 


One  or  more 

A 

groups 


per  molecule 


6A 

-46 

-26 

-26 

-26 

-26 

61 

9 

14 

11 

11 

9 

6J 

12 

15 

'  13 

13 

10 

°  Mair  and  Schicktanz  analyzed  samples  prepared  by  Ferris,  Cowles,  and  Henderson 
after  these  had  been  in  storage  for  some  time.  A  correction  to  x  in  formula  CnHm+x  was 
made  to  allow  for  loss  of  hydrogen  due  to  slight  oxidation  while  in  storage.  Mair  and 
Schicktanz  state  that  they  have  probably  overcorrected  for  this  loss  of  hydrogen,  which 
would  result  in  slightly  low  values  for  the  weight  per  cent  ring  calculated  from  empirical 
formula. 

6  Hypothetical  negative  value  for  per  cent  ring  is  reported  for  a  strict  comparison  of 
accuracy.  In  practice,  negative  values  for  calculated  weight  per  cent  ring  would  be  re¬ 
ported  as  0. 
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Equation  Relating  Density,  Refractive  Index,  and  Molecular 
Weight  for  Paraffins  and  Naphthenes 

M.  R.  LIPKIN  AND  C.  C.  MARTIN,  Sun  Oil  Company  Experimental  Division,  Norwood,  Pa. 


An  equation  is  presented  relating  refractive  index  for  the  sodium  D 
line,  density,  and  temperature  coefficient  of  density,  each  at  20°  C., 
for  paraffins,  naphthenes,  and  mixtures  of  saturated  hydrocarbons 
in  the  liquid  state.  The  temperature  coefficient  of  density  at  20°  C. 
is  obtained  from  molecular  weight  using  the  correlation  of  Lipkin  and 
Kurtz  (9).  The  equation  correlates  density  and  refractive  index  for 
all  saturated  hydrocarbons  more  accurately  than  previous  equations, 
but  is  not  accurate  for  the  calculation  of  molecular  weight.  It  may 
be  applied  to  hydrocarbon  mixtures,  such  as  saturated  petroleum 
fractions,  because  it  does  not  require  a  knowledge  of  molecular 
formula  or  structure.  Refractive  index  may  be  calculated  from 
density  and  the  temperature  coefficient  of  density  with  an  accuracy  of 
±0.002  for  pure  hydrocarbons  and  ±0.001  for  petroleum  fractions. 
Likewise,  density  may  be  calculated  from  refractive  index  and  the 
temperature  coefficient  of  density  with  an  accuracy  of  ±0.004  and 
±0.002,  respectively.  The  equation  provides  the  basis  for  further 
correlations  which  will  serve  as  tools  in  the  analysis  of  hydrocarbon 
mixtures. 

THIS  paper  is  part  of  a  general  investigation  (6-11)  of  the 
relationship  between  density,  refractive  index,  and  other 
physical  properties  of  hydrocarbons  and  the  relationship  of  these 
properties  to  hydrocarbon  structure. 

Lipkin  and  Kurtz  (9)  have  shown  that  the  variation  of  den¬ 
sity,  refractive  index,  and  the  temperature  coefficient  of  density 
with  temperature  is  related  to  molecular  weight.  More  recently 
Lipkin,  Martin,  and  Kurtz  (11)  demonstrated  in  Figure  1  of  their 
paper  the  relationship  of  density  at  20°  C.  and  the  temperature 


coefficient  of  density  at  20°  C.  to  hydrocarbon  structure.  Figure 
1  of  this  paper  shows  the  similar  relationship  for  refractive  index 
and  the  temperature  coefficient  of  density.  From  these  two 
correlations  which  differ  in  only  one  variable,  density  in  the  first 
and  refractive  index  in  the  second,  it  was  possible  to  derive 
Equation  1  for  calculating  refractive  index  from  density  and  the 
temperature  coefficient  of  density. 

69.878d  -  0.4044Ad  -  0.797A  +  136.566  , 

n  5.543d  -  0.746A  +  126.683  W 

For  the  calculation  of  density  this  relation  may  be  put  in  the 
form  of  Equation  2. 

126.683n  -  0. 746.4  «  +  0.797.4  -  136.566  ,0 

d  ~  —  5.543n  -  0.4044H  +  69.878  {  ) 

In  these  equations 

n  =  refractive  index  at  20  °  C.  for  the  D  line  of  sodium 

d  =  density  at  20°  C. 

.4  =  — 105  X  temperature  coefficient  of  density  (a),  which  is 
obtained  from  the  approximate  molecular  weight 
(Table  I,  11) 

The  derivation  was  originally  based  on  data  for  eight  n- 
paraffins  and  fourteen  monocyclic  and  noncondensed  polycycLic 
naphthenes  without  side  chains.  Slight  adjustments  were  then 
made  to  obtain  better  agreement  with  the  average  data  on  almost 
600  hydrocarbons. 

Since  accurate  determination  of  the  temperature  coefficient  of 
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by  Kurtz  and  Lipkin  (7)  for  the  Sellmeier-Drude  equa¬ 
tion.  The  data  in  Table  III  demonstrate  that  only  the 
Newton  and  Sellmeier-Drude  equations  provide  results 
comparable  in  accuracy  with  Equation  1. 

The  deviations  between  the  best  literature  values  for 
refractive  index  and  refractive  index  calculated  by  a 
particular  equation  for  a  group  of  isomers  can  sometimes 
be  correlated  with  a  particular  physical  property.  In 
several  of  the  older  equations  this  deviation  apparently 
varies  with  density;  the  deviations  obtained  by  using 
Equation  1  seem  to  vary  with  the  aniline  points  of  the 
hydrocarbons.  The  authors  have  no  explanation  for 
these  facts  at  present. 


density  is  difficult,  this  property  is  derived  from  molecular  weight 
(9).  The  average  molecular  weight  for  mixtures  of  hydrocar¬ 
bons  may  be  obtained  experimentally,  or  from  correlations  with 
other  physical  properties.  In  this  laboratory,  molecular  weights 
are  obtained  either  from  the  boiling  point-density  correlation  of 
Mills,  Hirschler,  and  Kurtz  (14)  or  from  the  correlation  of 
Hirschler  (4)  using  the  viscosities  at  100°  and  210°  F. 

Approximate  molecular  weights  are  adequate  for  the  calcula¬ 
tion  of  refractive  index  or  density  especially  in  the  molecular 
weight  range  above  100.  The  effect  of  a  5%  error  in  the  molecu¬ 
lar  weight  on  the  calculation  of  refractive  index  is  shown  in  Table 
I.  The  data  are  calculated  for  paraffins  (6).  The  error  in  the 
calculated  refractive  index  decreases  from  0.0014  at  70  molecular 
weight  to  0.0002  at  400  because  of  the  asymptotic  nature  of  the 
relation  (9)  between  molecular  weight  and  temperature  co¬ 
efficient  of  density. 

COMPARISON  WITH  OTHER  EQUATIONS 

Equation  1  differs  from  other  equations  for  the  calculation  of 
refractive  index  from  density  and  molecular  weight  in  that  it  does 
not  contain  constants  the  evaluation  of  which  requires  a  knowl¬ 
edge  of  molecular  structure. 

Table  II  presents  a  comparison  of  the  accuracy  of  density  and 
refractive  index  values  for  the  C5-C9  isoparaffins  calculated  by 
Equations  1  and  2  and  by  the  method  of  Taylor,  Pignocco,  and 
Rossini  (15).  The  latter  method  requires  a  knowledge  of  the 
exact  structure  of  the  isoparaffins  and  the  calculation  of  the 
hydrocarbon’s  density  and  refractive  index  is  based  on  the  values 
of  those  properties  for  the  normal  isomer.  The  data  indicate  that 
this  method  is  slightly  more  accurate  for  the  Cs-Cg  isoparaffins 
but  that  Equations  1  and  2  are  slightly  better  for  the  C9  iso¬ 
paraffins. 

Kurtz  et  al.  (7,  8)  have  discussed  the  relative  accuracy  of  the 
various  equations  relating  refractive  index  and  density.  Com¬ 
parison  of  the  accuracy  of  Equation  1  with  that  of  the  older 
equations  of  Newton,  Gladstone  and  Dale,  Sellmeier-Drude,  and 
Eykman  as  applied  to  the  calculation  of  the  refractive  index  of 
the  isomeric  C7  paraffins  is  given  in  Table  III.  For  these  older 
equations  the  authors  have  used  (1)  specific  refraction  constants 
calculated  from  the  average  properties  of  the  whole  group  of  C„ 
paraffin  isomers,  (2)  Lorentz-Lorenz  specific  refractions  calcu¬ 
lated  from  both  the  average  properties  of  the  isomers  and  from 
the  Eisenlohr  atomic  refractions,  and  (3)  the  constants  developed 


Table  1. 

Difference  in  Calculated 

Refractive  Index 

of  Para 

Assuming  5%  Error  in 

Molecular  Weight 

Molecular  Weight 

d20 

True 

Assumed 

An 

70 

73.5 

0.623 

0.0014 

100 

105.0 

0.686 

0 . 0008 

150 

157.5 

0.738 

0 . 0005 

200 

210.0 

0.765 

0 . 0004 

300 

315  0 

0.796 

0 . 0003 

'  400 

420.0 

0.810 

0 . 0002 

EXPERIMENTAL  DATA 

Equations  1  and  2  have  been  tested  with  data  for  a  large  num¬ 
ber  of  paraffins  and  naphthenes  and  saturated  fractions  from 
petroleum. 

The  pure  hydrocarbon  data  are  identical  with  those  used  previ¬ 
ously  (11).  Data  on  petroleum  fractions  include  the  hydrogen¬ 
ated  cracked  paraffin  waxes  of  Kreulen  (5),  the  hydrogenated 
polymerized  pentenes  of  Waterman  (18),  the  acid-treated  oils  ot 
Bestushew  (2,  17),  the  hydrogenated  and  solvent-extracted  oils 
of  Mair  (12,  13),  and  the  hydrogenated  oils  of  Vlugter  et  al.  (16). 
Data  were  obtained  in  this  laboratory  on  virgin  gasolines,  gas 
oils,  and  fractions  of  a  catalytically  cracked  gas  oil,  all  acid- 
treated  to  remove  aromatics  and  olefins. 


Table  II.  Comparison  of  Methods  for  Calculating  Density  and 
Refractive  Index  for  Isoparaffin  Data 


Average  deviation 
Maximum  deviation 


Deviation  of  Calculated  Properties 
dl°  X  1CH  n2D°  X  10< 


4 

Equation 

N.B.S. 

Equation 

N.B.S. 

2 

method  ( 15 ) 

1 

method  (IB) 

Cb  to  Cb  Isomers® 

11 

7 

4 

4 

42 

24 

17 

11 

C9  Isomers  b 

Average  deviation  13 

Maximum  deviation  40 

a  Six  Cb  —  Cs  isoparaffins  not  included  in  tabulation  because  four  normal 
isomers  are  used  as  reference  standards  in  N.B.S.  method,  neopentane  is  a 
gas  at  20°  C.,  and  2,2,3,3-tetramethylbutane  is  a  solid  at  20°  C. 

i>  n-Nonane,  2,2,3,3-tetramethylpentane,  and  other  nonanes  for  which  (1) 
does  not  list  accurate  data  excluded  from  tabulation. 


15  6 

38  16  22 


The  sources  of  the  molecular  weights  necessary  for  the  calcula¬ 
tion  of  the  temperature  coefficient  of  density  were  as  follows: 
pure  hydrocarbons,  theoretical  values;  oil  fractions  reported  in 
the  literature,  experimental  values  in  the  reference;  gasoline  and 
gas  oil  fractions  from  the  authors’  laboratory,  from  the  density¬ 
boiling  point  relationship  of  Mills,  Hirschler,  and  Kurtz  (IN¬ 
ACCURACY 

The  accuracy  with  which  refractive  index  and  density  can  be 
calculated  by  Equations  1  and  2  is  demonstrated  in  Table  IV, 
where  the  deviations  of  the  calculated  from  the  experimental 
values  for  the  entire  mass  of  data  are  tabulated.  Calculated 
refractive  indices  show  an  average  deviation  (without  regard  to 
sign)  of  0.002  for  pure  compounds  and  0.001  for  petroleum  frac¬ 
tions.  Calculated  densities  show  an  average  deviation  of  0.004 
gram  per  ml.  for  pure  compounds  and  0.002  gram  per  ml.  for 
petroleum  fractions.  In  general,  the  properties  of  petroleum 
fractions  may  be  calculated  much  more  accurately  than  those  of 
pure  compounds  because  in  a  mixture  of  hydrocarbons  there  is  a 
tendency  toward  cancellation  of  the  isomer  and  molecular  struc¬ 
ture  effects  found  in  calculations  involving  the  individual 
hydrocarbons. 
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Table 


Comparison  of  Equations  for  Calculation  of  Refractive  Index  of  Isomeric  Heptanes 

(Calculated  —  Observed  n^)  X  104 


Gladstone 

Lorentz-Lorenz, 

Equa- 

Newton, 

"2  -  1  Pa 

d  C 

and  Dale, 
n  ~  1 

Eykman, 

n2  -  1  w  1 

n  v  1 

77*  +  2  ^  d 

=  C 

Sell- 

meier 

i 

d  ° 

n  +  0.4  d 

o 

O 

Drudec 

2,4-Dimethvlpentane 

12 

0 

-10 

-12 

-19 

-11 

-2 

2,2-Dimethylpentane 

10 

-2 

- 1 1 

— 15 

-19 

-11 

-4 

2-Methylhexane 

4 

—  5 

-10 

-12 

— 15 

-8 

—  7 

n-Heptane 

-4 

-9 

-10 

-13 

-ii 

-4 

-n 

3-Methvlhexane 

-1 

-3 

-2 

-1 

-i 

7 

—  5 

2,2,3-Trimethylbutane 

3 

4 

7 

9 

ii 

18 

2 

3,3-Dimethylpentane 

2 

5 

11 

13 

16 

24 

3 

2,3-Dimethvlpentane 

0 

4 

11 

16 

18 

26 

1 

3-Ethylpentane 

-2 

5 

15 

19 

23 

32 

2 

Av.  deviation 

4 

4 

10 

12 

15 

16 

4 

Deviation  of  av. 

3 

0 

0 

0 

0 

8 

-2 

Maximum  deviation 

12 

9 

1.5 

19 

23 

32 

-11 

a  C  calculated  from  average  properties  for  isomeric  heptanes:  d|°  =  0.6859  and  n™  =  1.3879  (15). 
*>  C  calculated  from  Eisenlohr  atomic  refraction  constants. 
c  Using  constants  for  average  paraffins  developed  by  Kurtz  and  Lipkin  (7). 


Table  IV.  Accuracy  of  Calculated  Densities  and  Refractive  Indices 


Refractive  Index 
nl°  X  104 


Density 
dj°  X  104 


Av. 

Dev. 

Max. 

Av. 

Dev. 

Max. 

Number 

dev. 

of  av. 

dev. 

dev. 

of  av. 

dev. 

Pure  compounds 

. 

Paraffins 

230 

10 

-4 

46 

22 

6 

-108 

Monocyclics 

217 

C3  ring 

15 

28 

11 

73 

68 

-28 

'  179 

ring 

10 

20 

10 

48 

48 

-26 

-116 

C5  ring 

56 

18 

15 

52 

43 

-37 

-114 

Ce  ring 

in 

20 

-13 

-138 

47 

30 

329 

C?  ring 

5 

26 

-26 

141 

65 

65 

141 

C&-C34  rings 

20 

41 

-41 

-109 

98 

96 

263 

Dicyclics 

105 

Noncondensed 

43 

26 

-17 

-93 

64 

40 

22.3 

Condensed 

46 

23 

+  1 

— 150 

56 

-2 

223 

Bridged  rings 

16 

31 

+  31 

+121 

70 

-70 

-291 

Tri-  and  tetra- 

24 

40 

22 

+  126 

95 

-69 

-304 

cyclics 

Av. 

576 

19 

-3 

-156 

44 

5 

-304 

Petroleum  fractions 

Lubricating  oil 

78 

11 

+  3 

19 

26 

-7 

—  50 

Gas  oil 

24 

2 

0 

-6 

5 

- 1 

— 15 

Gasoline 

7 

3 

+  2 

+  6 

9 

-8 

— 15 

Av. 

109 

9 

+  2 

19 

20 

-6 

-50 

as  large  as  the  deviations  of 
calculated  refractive  index, 
and  of  opposite  sign.  The 
larger  deviation  for  the  density 
calculation  may  be  explained 
by  the  fact  that  the  numerical 
difference  in  density  between 
paraffins  and  naphthenes  is 
approximately  twice  as  large 
as  the  difference  in  refractive 
index. 

Many  of  the  deviations  in 
the  calculated  densities  and 
refractive  indices  may  be  attrib¬ 
uted  to  errors  in  the  reported 
properties  of  the  pure  hydro¬ 
carbons.  These  errors  are 

-  frequently  of  the  order  of 

=*=0.001  and  may  be  due  to  impure  products,  inaccurate 
determination  of  properties,  or  the  determination  of  properties 
on  two  different  samples,  not  necessarily  of  the  same  purity.  It 
has  been  frequently  observed  that  physical  properties  calculated 
by  Equations  1  and  2  for  a  set  of  hydrocarbon  fractions  from  some 
one  laboratory  show  small  systematic  deviations  from  the  experi¬ 
mental  values.  This  may  be  attributed  to  a  predominant  mo¬ 
lecular  structure  type  in  these  fractions  or  to  the  fact  that  the 
experimental  precision  of  the  data  is  better  than  the  accuracy. 

By  means  of  the  equation  shown  in  this  paper  and  the  correla¬ 
tions  shown  in  (9)  it  is  possible  to  correlate  at  any  temperature, 
where  the  hydrocarbons  are  in  the  liquid  state,  the  density,  re¬ 
fractive  index,  and  temperature  coefficient  of  density  for  satu¬ 
rated  hydrocarbons.  The  significance  of  the  application  of  this 
equation  to  olefins  and  aromatics  will  be  discussed  in  a  subse¬ 
quent  paper. 
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The  accuracy  with  which  molecular  weight  may  be  calculated 
from  Equation  1  (by  calculating  temperature  coefficient  of 
density  at  20°  C.  and  converting  to  molecular  weight  by  means 
of  Table  I,  11)  has  been  investigated.  The  magnitude  of  devia¬ 
tions  increases  rapidly  with  increasing  molecular  weight,  and  may 

,  ,  ,  . ,,  .  .  A  molecular  weight 

be  ascribed  to  the  rapidly  increasing  - 


Aa 


The 


equation  is  not  satisfactory  for  the  calculation  of  molecular 
weight,  especially  when  the  molecular  weight  is  greater  than  150. 

The  accuracy  of  calculations  by  these  equations  is  nearly  inde¬ 
pendent  of  the  structure  of  the  saturated  hydrocarbons,  but  there 
are  a  few  noticeable  trends.  These  are  difficult  to  evaluate 
quantitatively  because  the  experimental  inaccuracies  of  the  data 
are  frequently  of  the  same  order  of  magnitude  as  the  deviations 
in  the  calculation. 

The  qualitative  discussion  of  trend  is  confined  to  the  refractive 
index  calculations  as  shown  in  Table  IV.  The  paraffin  hydro¬ 
carbons  have  the  smallest  deviation  of  all  classes.  Monocyclic 
naphthenes  show  an  increasing  negative  deviation  with  increasing 
ring  size;  the  deviation  of  the  average  (taking  sign  into  account) 
of  the  alkylcyclopentanes  is  +0.0015  and  the  alkylcyclohexanes 
is  —0.0013.  Since  petroleum  fractions  contain  both  cyclo¬ 
pentane  and  cyclohexane  derivatives  {3,  10),  the  deviations  tend 
to  cancel  each  other.  The  condensed  dicyclic  naphthenes  show 
no  trend,  but  the  noncondensed  dicyclics  show  a  systematic 
deviation  of  —0.0017. 

The  deviations  of  calculated  density  are  approximately  twice 
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Automatic  Apparatus  for  Determination  of 
Small  Concentrations  of  Sulfur  Dioxide  in  Air 

New  Countercurrent  Absorber  for  Rapid  Recording  of  Low  an  d  High 

Concentrations  . 
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A  simple  countercurrent  absorber  is  described  in  which  practically 
complete  absorption  of  the  water-soluble  gases  such  as  sulfur  diox¬ 
ide,  ammonia,  and  hydrogen  chloride  may  be  obtained  with  gas 
flow  rates  ranging  from  less  than  10  to  more  than  5000  times  the 
liquid  rates.  This  absorber,  when  used  in  conjunction  with  a  con¬ 
ductivity  flow  cell  of  small  volume,  gives  a  rapid  recording  of  the 
concentration  from  a  few  parts  per  billion  to  several  per  cent.  With 
the  lower  gas  concentrations,  the  record  is  a  running  average,  cover¬ 
ing  1  to  2  minutes.  An  alternative  absorber  containing  conduc¬ 
tivity  electrodes  can  reduce  this  time  to  10  to  15  seconds,  but  ab¬ 
sorption  is  not  complete.  A  simple  pump  for  delivering  small 
volumes  of  liquid  is  also  described.  Equipment  embodying  this 
absorber  has  been  applied  to  the  measurement  of  atmospheric  con¬ 
tamination,  to  the  chemical  control  of  a  pilot  plant  making  elemental 
sulfur  from  sulfur  dioxide,  and  to  the  rapid  measurement  of  sulfur 
dioxide  in  flue  gases  in  the  presence  of  carbon  dioxide. 

IX  THE  automatic  apparatus  for  the  determination  qf  small 
concentrations  of  sulfur  dioxide  in  air  previously  described  (6-9), 
a  uniform  air  stream  is  aspirated  through  a  measured  volume  of 
absorbing  solution  for  a  definite  time,  after  which  the  air  stream 
is  changed  to  a 'second  absorber  that  has  been  automatically 
charged  with  fresh  solution  while  the  first  absorber  was  aspirating. 
The  sulfur  dioxide  is  oxidized  to  sulfuric  acid  by  hydrogen  per¬ 
oxide,  and  the  course  of  the  absorption  is  followed  by  measuring 
continuously  the  conductivity  of  the  solution  on  a  recording 
Wheatstone  bridge.  The  record  thus  gives  primarily  the  average 
gas  concentration  over  a  given  time  period,  but  it  also  shows  a 
considerable  part  of  the  variability  of  the  concentration  during 
that  period,  represented  by  differences  in  the  slope  of  the  con¬ 
ductivity  curve. 

It  has  been  recognized  that  a  more  or  less  “instantaneous” 
method  of  recording  the  gas  concentration  would  be  advantageous 
in  many  applications,  though  the  average  values  of  short  intervals 
(20  to  30  minutes)  are  indispensable  for  any  practicable  summa¬ 
tion  of  the  record  over  long  periods  of  time.  Such  instantaneous 
recordings  have  heretofore  been  precluded  by  lack  of  a  suitable 
absorber  to  handle  the  large  ratio  of  gas  volume  to  liquid  volume 
(about  .5000  to  1)  required  for  this  analysis. 


It  is  shown  below  that  the  indicated  concentration  at  any  mo¬ 
ment  is  an  average  value  covering  a  period  which  may  be  as  long 
as  1  or  2  minutes,  following  the  lag  representing  the  time  re¬ 
quired  for  the  liquid  to  flow  from  the  absorber  to  the  cell.  In  an 
alternative,  less  efficient  absorber,  the  total  time  for  the  analysis 
may  be  reduced  to  10  to  15  seconds. 


APPARATUS 

Starting  with  an  observation  of  one  of  the  authors  (J.O.I.)  that 
r  the  movement  of  gas  and  liquid  in  opposite  directions  in  a  small 
■  tube  is  greatly  facilitated  by  inserting  into  the  tube  a  pair  of 
twisted-together  wires,  absorbers  have  been  constructed  utilizing 
the  principle  of  countercurrents,  which  fulfill  the  following  condi- 
I  tions:  (1)  The  gas  and  liquid  move  in  opposite  directions  without 
;  bubbling.  (2)  The  walls  of  the  absorber  are  uniformly  wet  by 
liquid  which  flows  in  a  continuous  capillary  stream  following  the 
wire,  from  one  end  of  the  absorber  to  the  other  without  forming 
isolated  wet  or  dry  spots.  (3)  Absorption  of  sulfur  dioxide  is 
practically  complete  in  any  range  of  concentration,  from  a  frac¬ 
tion  of  a  part  per  million  to  several  per  cent,  depending  on  the 
ii  dimensions  of  the  absorber.  (4)  The  conductivity  of  effluent 
liquid  can  be  determined  continuously  in  a  small  flow  cell  to  give 
a  running,  short-time,  average  measure  of  the  gas  concentration. 


Figure  1  is  a  diagram  and  Figure  2  is  a  photograph  of  an 
assembly  designed  to  determine  sulfur  dioxide  in  the  atmosphere 
in  the  concentration  range  up  to  about  3  to  5  p.p.m.,  with  provi¬ 
sion  for  automatically  increasing  this  range  severalfold  if  neces¬ 
sary.  The  absorber,  A,  is  a  730-mm.  length  of  glass  tubing  7.6  to 
7.8  mm.  in  inside  diameter,  with  T-connections  near  each  end. 
The  tube  is  packed  with  a  helix  consisting  of  two  strands  of  No. 
26  B.  &  S.  gage  wire,  twisted  loosely  together,  then  coiled  into  a 
6-pitch  spiral  which  fits  snugly  against  the  inside  wall.  •  The  wire 
preferably  should  be  of  platinum,  but  Nichrome  will  withstand  a 
long  period  of  operation  before  it  is  seriously  corroded,  if  the  hy¬ 
drogen  peroxide  concentration  is  not  too  high. 

The  air  sample  enters  the  absprber  through  B  and  leaves  at  C. 
A  convenient  rate  is  12  to  15  liters  per  minute.  The  absorbing 
solution  (2  to  4  X  10“ 3  M  hydrogen  peroxide  in  5  X  10-6  N  sul¬ 
furic  acid)  is  pumped  into  the  tube  at  E  at  the  rate  of  3.3  ml.  per 
minute.  Trap  D  is  provided  in  case  bubbling  should  occur  which 
would  carry  part  of  the  liquid  over  with  the  gas.  A  satisfactory 
liquid  pump  is  obtained  by  squeezing  slightly  at  1-second  inter¬ 
vals  a  piece  of  6.3-mm.  heavy-walled  rubber  tubing,  G,  mounted 
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between  two  glass  check  valves,  H.  '  Delivery  from  the  pump  is 
controlled  by  adjusting  stop  J  against  the  movement  of  plunger 
7.  The  reservoir,  F,  eliminates  most  of  the  pulsation  in  the  flow. 
A  stainless  steel  Zenith  gear  pump,  such  as  is  used  in  the  rayon 
industry,  also  gives  an  excellent  controlled  flow  of  liquid,  but 
unfortunately  the  metal  is  slightly  attacked  by  the  solution. 

The  solution,  after  emerging  from  the  absorber,  is  warmed  to 
room  temperature  by  low-voltage  current  through  a  resistance 
wire  on  the  tube  at  L.  This  also  reduces  the  amount  of  dissolved 
gas  in  the  liquid.  The  solution  flows  through  a  2-mm.  capillary 
U-tube  into  the  conductivity  cell,  M,  which  has  two  platinum 
plates,  5  X  75  mm.,  mounted  parallel  in  polystyrene  with  a  spac¬ 
ing  of  1.8  mm.  and  a  capacity  of  0.7  ml.'  One  of  the  plates  may 
be  cut  into  two  pieces,  one  piece,  say,  four  times  the  length  of  the 
other,  and  provided  with  separate  leads  in  order  to  increase,  if 
necessary,  the  measurable  conductivity  range  by  disconnecting 
part  of  the  plate  area.  The  liquid  then  flows  to  an  accumulating 
vessel,  N,  in  which  100  ml.  are  collected  and  well  mixed  by  the 
stirrer,  0.  When  vessel  N  is  full,  the  polystyrene  float,  P,  oper¬ 
ates  an  electric  switch  through  the  rod,  R,  starting  a  clock 
mechanism  that  first  transfers  the  recorder  from  cell  M  to  elec¬ 
trodes  T  for  1.5  minutes;  then  transfers  the  recorder  to  cell  K  for 
1.5  minutes  for  a  zero  reading,  at  the  same  time  emptying  N  by 
operating  a  solenoid  to  pull  out  the  rubber  plug,  S,  for  a  few 
seconds;  and  finally  returns  the  recorder  to  cell  M  for  about  27 
minutes  before  repeating  these  operations.  The  rate  of  liquid 
flow'  is  thus  indicated,  since  the  amount  of  solution  required  to 
operate  the  float  is  constant.  The  rate  of  gas  flow  is  recorded 
as  in  former  machines  by  a  contact  on  the  1  cu.  foot  dial  of  the 
gas  meter.  The  three  cells,  K,  M,  and  T,  have  nearly  identical 
calibration  curves.  The  record,  therefore,  combines  a  running, 
short-time,  average  concentration  with  a  half-hourly  average 
concentration. 

EFFICIENCY 

The  completeness  of  absorption  of  sulfur  dioxide  in  this  ab¬ 
sorber  has  been  determined  by  operating  it  in  series  with  an 
effective  bubbler  tube  and  observing  the  conductivity  change  in 
the  latter.  The  following  efficiencies  were  noted  at  15  to  18 
liters  per  minute:  2  p.p.m.,  98  to  99%;  5  p.p.m.,  98%;  15 
p.p.m.,  96%;  and  24  p.p.m.,  95%.  A  tube  350  mm.  long  ab¬ 
sorbed  about  80%  of  the  gas  under  similar  conditions.  The 
water  flow  was  3.3-ml.  per  minute  in  all  experiments,  unless  other¬ 
wise  specified. 

If  the  wire  spiral  in  the  730-mm.  tube  was  spread  out  to  4- 
pitch,  so  that  definite  dry  spaces  were  maintained  between  the 
adjacent  capillary  streams  along  the  wire,  the  efficiency  fell  to  90 
to  95%.  Efficiency  was  reduced  by  twisting  the  wires  too  tightly 
together;  a  pair  of  wires  with  the  twists  spaced  at  1  mm.  was 
slightly  less  efficient  than  a  pair  with  twists  3  mm.  or  more  long. 
Efficiency  was  also  reduced  if  the  size  of  the  tube  was  increased. 
For  example,  a  730-mm.  length  of  8.6-mm.  inside  diameter  tubing 
had  an  absorption  efficiency  of  90  to  95%  at  15  to  25  liters  per 
minute.  Presumably  a  longer  length  of  this  tubing  was  needed 
for  complete  absorption.  Efficiency  of  absorption  in  the  larger 
tubes  wrns  reduced  a  little  by  using  30-  or  32-gage  instead  of  26- 
gage  wire,  probably  because  the  smaller  wire  induced  less  tur¬ 
bulence  in  the  gas  stream.  A  tube  of  7-mm.  bore  exhibited  high 
efficiency  but  it  could  not  be  operated  at  rates  above  10  liters  per 
minute,  wUereas  the  8.6-mm.  bore  tube  would  readily  carry  25 
liters  per  minute.  The  7-mm.  bore  tube  could  carry  6  liters  per 
minute  when  the  liquid  rate  wras  15  ml.  per  minute.  Carrying 
capacity  could  be  increased  appreciably  by  adding  ]  %  butyl 
alcohol  to  depress  the  surface  tension  of  the  solution,  but  the  effi¬ 
ciency  was  not  changed. 

The  absorber  has  also  been  used  effectively  for  gas  concentra¬ 
tions  up  to  8%  by  increasing  the  water  flow  and  reducing  the  gas 
rate  in  5  to  7-mm.  bore  tubes.  Evidently  almost  any  condition 
of  absorption  can  be  met  by  the  proper  choice  of  bore  and  length 
of  tube. 

An  excess  of  hydrogen  peroxide  is  essential.  The  stock  solution 
is  stable,  but  about  10%  of  the  peroxide  is  catalytically  decom¬ 
posed  by  the  platinum  black  in  each  cell,  making  an  over-all  de¬ 
composition  of  30%  on  passing  through  the  system,  in  addition 
to  that  used  up  by  reaction  with  sulfur  dioxide,  although  only  one 


Figure  2.  Field  Sulfur  Dioxide  Autometer 

cell  precedes  the  absorber.  Solutions  stronger  than  0.004  M 
evolve  an  appreciable  amount  of  oxygen  in  the  cells,  which  may 
interfere  somewhat  with  the  conductivity  measurements.  For 
this  reason,  when  it  is  necessary  to  use  more  peroxide,  a  flow  cell, 
with  dip  electrodes,  as  shown  in  Figure  5,  may  be  used. 

A  number  of  tests  wore  made  with  different  amounts  of  per¬ 
oxide.  When  a  fivefold  excess  was  present,  the  efficiency  of 
absorption  was  not  appreciably  increased  by  making  the  excess 
15-fold.  Even  a  slight  excess  seemed  to  be  very  effective.  In 
an  experiment  with  15  p.p.m.  of  sulfur  dioxide  which  used  up 
nearly  all  the  peroxide  in  a  0.002  M  solution  the  efficiency  of  ab¬ 
sorption  W'as  93%,  as  compared  with  96%  in  a  0.006  M  solution. 
When  the  gas  concentration  was  increased  to  24  p.p.m.,  nearly  all 
the  excess  sulfur  dioxide  beyond  the  capacity  of  the  0.002  M  per¬ 
oxide  passed  through  the  absorber,  wdiereas  the  0.006  M  solution 
absorbed  95%  of  the  gas. 

RATE  OF  RESPONSE 

Two  factors  need  to  be  considered  in  determining  the  rate  of 
response  of  the  system  to  changes  in  the  sulfur  dioxide  content  of 
the  air.  The  first  is  the  lag  due  to  the  volume  of  liquid  in  the  cell 
and  in  the  U-tube  ahead  of  the  cell.  This  wrill  depend  on  the 
length  and  bore  of  the  tube,  and  the  dimension  of  the  cell.  Ob¬ 
viously  the  recorder  will  lag  behind  any  absorber  by  the  time 
required  to  displace  this  solution.  In  addition,  if  the  absorption 
takes  place  in  some  degree  over  the  W'hole  area  of  the  absorber, 
full  response  of  the  recorder  will  be  determined  by  the  time  re¬ 
quired  for  complete  displacement  of  the  capillary  liquid  in  the 
absorber. 

A  large  number  of  empirical  tests  wore  made  in  which  a  sudden 
change  of  concentration  was  produced  in  the  absorber,  by  alter¬ 
nately  making  connection  at  B,  Figure  1,  to  a  steady  mixture  of 
sulfur  dioxide  in  air,  or  to  a  soda-lime  tube.  It  required  about 
25  to  30  seconds  before  the  recorder  gave  its  initial  response.  This 
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presented  displacement  of  the  liquid  in  the  U-tube.  In  addi- 
:>n,  about  14  seconds  were  required  to  displace  the  0.7  ml.  in  the 
ill.  However,  the  absorber  contained  about’  4  ml.  of  capillary 
ater- which  required  more  than  a  minute  for  displacement.  It 
as  noted  that  about  35  seconds  after  the  recorder  showed  its 
itial  response  to  the  change  of  gas  concentration,  50%  of  the 
lange  was  registered  on  the  recorder.  Similarly,  80%  of  the 
iange  was  registered  in  about  60  seconds;  90%  in  90  seconds; 
id  95%  in  120  seconds.  Complete  response  usually  required 
to  5  minutes.  For  practical  purposes  the  record  can  therefore 
;  considered  to  be  a  running  average  concentration  of  1  to  2 
inutes’  duration — that  is,  being  registered  about  2  minutes 
ter  the  time  of  sampling.  Smaller  tubes  and  higher  rates  of 
juid  flow  will,  of  course,  increase  the  rate  of  response. 

"INSTANTANEOUS"  ABSORBER 

If  more  rapid  and  more  detailed  registration  of  a  variable  gas 
mcentration  than  can  be  obtained  with  the  regular  absorber  in 
igure  1  is  desired,  a  tube  of  the  type  illustrated  as  an  alternative 
asorber  in  Figure  1  may  be  used,  in  which  rapidity  of  response  is 
stained  at  the  expense  of  efficiency  of  absorption. 

It  consists  of  two  No.  26  gage  platinized  platinum  wires,  X, 
retched  taut  by  the  screws,  Y  in  the  center  of  a  10-mm.  outside 


diameter  tube,  and  spaced  about  1  to  1.5  mm.  The  absorbing 
liquid  is  led  onto  the  wires  at  E  which  then  serve  not  only  as  the 
capillary  path  of  the  liquid  but  also  as  conductivity  electrodes. 
Platinum  wire  has  sufficient  tensile  strength  to  maintain  a  nearly 
permanent  calibration,  but  platinum-clad  steel  wire  strung  on  a 
steel  frame  to  avoid  undue  strain  on  the  glass  would  be  a  prefer¬ 
able  arrangement.  The  absorbing  liquid  forms  a  continuous 
capillary  film  between  the  two  wires  if  the  liquid  flow  exceeds  a 
minimum  value  (1.5  ml.  per  minute  for  750-mm.  wire  length). 
The  response  of  this  absorber  to  a  change  of  gas  concentration  is 
nearly  as  rapid  as  a  micromax  recorder  can  follow.  W  ith  a  liquid 
flow  of  3.3  ml.  per  minute,  recorder  response  is  nearly  complete  in 
5  to  10  seconds,  and  10  to  15  seconds  suffice  for  complete  re¬ 
sponse.  Efficiency  of  absorption  is  20  to  40%,  depending  pri¬ 
marily  on  the  gas  rate.  This  absorber  requires  empirical  calibra¬ 
tion  with  known  gas  concentrations. 

APPLICATIONS 

Several  units  of  the  equipment  have  been  operated  in  the  field, 
and  it  is  evident  that  the  new  method  can  generally  replace,  to 
advantage,  the  older  “accumulation”  method  for  field  sulfur  di¬ 
oxide  analyses.  Figure  3  illustrates  the  type  of  record  that  may 
be  obtained. 

Points  A  give  the  initial  conductivity  of  the  absorbing  solution, 
displaced  a  little  for  ease  of  identification.  Points  B  give  the 
conductivity  of  the  accumulated  solution  at  50-minute  intervals. 
Between  points  A  and  B  the  flow  cell  is  registering,  indicating 
considerable  fluctuation  of  the  concentration.  It  may  be  noted 
that  nearly  every  point  B  falls  about  where  one  would  expect 
the  average  value  of  the  preceding  short-time  readings  to  occur. 

At  point  C,  the  concentration  threatened  to  go  beyond  the 
range  of  the  recorder.  The  latter  accordingly  operated  a  latch¬ 
ing  relay  switch  which  disconnected  the  longer  portion  of  the 
divided  plate  in  the  conductivity  cell  (Figure  1).  The  registra¬ 
tion  fell  back  to  D  and  continued  to  rise,  then  fell  off  to  E,  when 
the  accumulating  cell  was  switched  in.  If  the  registration  had 
fallen  off  a  few  more  divisions  beyond  E,  the  recorder  would  have 
reconnected  the  plate  in  the  conductivity  cell.  This  actually 
occurred  during  the  change  from  B  to  A.  Definite  proof  that 
the  recorder  operated  in  the  high  concentration  range  is  furnished 
by  the  track  which  registered  gas  volume  along  the  right-hand 
edge  of  the  chart.  At  F,  the  volume  pen  moved  from  right  to 
left.  When  the  low  concentration  range  was  registered,  the  pen 
moved  from  left  to  right. 


Figure  4.  Double  Autometer  with  Facilities  for 
Igniting  One  Sample.  Equipment  Mounted  in  Truck 
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The  new  absorber  also  works  satisfactorily  with  other  soluble 
gases  like  ammonia  %)  and  hydrogen  chloride,  but  it  is  ineffective 
with  carbon  dioxide.  This  is  to  be  expected  because  of  the  rela¬ 
tive  solubilities  of  these  gases  (10).  However,  the  optimum  ab¬ 
sorber  dimensions  for  ammonia  and  hydrochloric  acid  have  not 
been  worked  out. 

Because  accurately  timed  mechanical  valves  are  not  used,  the 
new  system  is  easily  adapted  to  the  multiple  analyses  previously 
described  (9)  for  sulfur  dioxide,  hydrogen  sulfide,  organic  sulfur, 
hydrogen  chloride,  and  organic  chlorine.  A  double  unit  has  been 
constructed  similar  to  Figure  2,  in  which  one  of  the  air  samples 
may  be  ignited.  Two  clock-switching  mechanisms  are  provided, 
one  of  which  alternates  every  minute  the  connection  between  the 
two  flow  cells  and  the  recorder;  the  other  causes  the  registration 
of  the  two  “accumulation”  cells  and  the  “feed”  cell  during  4 
minutes  of  each  half  hour.  Figure  4  is  a  photograph  of  this  ma¬ 
chine  mounted  in  an  insulated  truck  for  ready  transportability. 
The  instrument  can  be  used  only  where  a  source  of  power  is  avail¬ 
able. 

Another  machine  has  been  built  at  the  suggestion  of  E.  P. 
Fleming  to  control  the  operation  of  a  pilot  plant  making  ele¬ 
mental  sulfur.  This  plant  burns  sulfur  dioxide  from  metal¬ 
lurgical  processes  with  sufficient  natural  gas  to  combine  with  all 
the  oxygen,  both  in  the  sulfur  dioxide  and  in  the  free  state.  The 
furnace  is  operated  at  about  1200°  C.,  and  hydrogen  sulfide  and 
sulfur  dioxide  are  the  principal  reaction  products.  The  desired 
ratio  of  these  gases  is  two  volumes  of  hydrogen  sulfide  to  one  of 
sulfur  dioxide.  The  latter  then  react  in  a  catalyst  chamber  to 
give  sulfur  and  water  vapor. 

Figure  5  is  a  double  .photograph  of  the  analyzer  as  seen  from 
two  directions. 

Measured  samples  of  gas  from  the  plant  containing  0.5  to  3.0% 
total  sulfur  are  drawn  through  the  system  by  two  slow-moving 
piston  pumps  provided  with  mercury  check  valves,  while  a  third 
smaller  pump  adds  a  definite  proportion  of  oxygen  to  the  samples. 
The  gas  is  filtered  to  remove  sulfur.  The  hydrogen  sulfide  in  one 
of  the  samples  is  burned  to  sulfur  dioxide  by  contact  with  a 
faintly  glowing  platinum  coil  before  absorption.  The  hydrogen 


sulfide  in  the  other  sample  passes  through  its  absorber  unchanged. 
Practically  complete  absorption  of  sulfur  dioxide  is  obtained  in  a 
350-mm.  length  of.S-mm.  bore  tubing,  using  a  liquid  flow  of  6  ml. 
and  a  gas  flow  of  100  ml.  per  minute.  Drying  bottles  and  soda- 
lime  tubes  are  provided  following  the  absorbers  to  protect  the 
mercury  check  valves  and  the  pumps.  The  conductivity  flow 
cells  are  connected  as  two  arms  of  a  Leeds  &  Northrup  recording 
Wheatstone  bridge.  Any  departure  from  a  predetermined  ratio 
of  the  conductivities  of  the  two  solutions  then  causes  a  valve  on 
the  natural  gas  supply  to  open  or  close,  thus  modifying  the  reac¬ 
tion  in  the  furnace  in  the  desired  direction.  With  a  variable 
sulfur  dioxide  supply,  this  machine  and  a  modification  of  it, 
employing  larger  rates  of  gas  and  liquid  flow,  have  played  an 
important  role  in  the  successful  operation  of  the  plant. 

Finally,  a  simple  compact  apparatus  has  been  constructed, 
using  Zenith  gear  pumps,  for  the  analysis  of  high  concentrations 
(up  to  10%  or  more)  of  sulfur  dioxide,  which  is  comparable  in 
speed,  accuracy,  and  simplicity  to  the  conventional  “hot  wire” 
method,  but  is  not  affected  by  admixture  of  carbon  dioxide. 

DISCUSSION 

It  is  well  established  that  at  the  interface  between  a  liquid  and 
a  gas  there  are  thin  layers  of  the  two  substances  with  physical 
properties  different  from  those  in  the  body  of  either  liquid  or  gas. 
These  layers  have  been  referred  to  as  “stationary  films”  (5),  and 
absorption  of  a  solute  by  a  liquid  from  a  gas  is  largely  determined 
by  the  manner  in  which  the  solute  molecules  traverse  these  films. 

Table  I  gives  the  values  for  the  initial  rate  of  absorption  oi 
sulfur  dioxide  under  a  number  of  conditions,  as  found  by  several 
investigators.  The  results  are  calculated  to  a  comparable  basis 
and  are  expressed  as  grams  of  sulfur  dioxide  absorbed  per  square 
centimeter  per  minute  from  a  gas  mixture  containing  2  p.p.m 
(volume).  The  rate  in  water  decreases,  owing  to  the  vapoi 
pressure  of  the  solute  as  the  absorption  proceeds,  so  that  only  the 
initial  rate  is  significant  for  this  comparison. 

Rate  of  absorption  is  increased  on  a  quiet  surface,  owing  to 
stirring  the  liquid  below  the  surface,  and  is  increased  still  more 
when  alkali  is  added  with  subsurface  stirring.  Wetted  walls  are 
evidently  more  efficient  than  quiet  surfaces,  probably  because  ol 


Figure  5.  Analyzei 
Designed  to  Control 
Operation  of  a  Sulfur 
Plant  by  Maintaining 
a  Constant  Ratio  of 
Hydrogen  Sulfide  to 
Sulfur  Dioxide 
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Tabic  I.  Initial  Rates  of  Absorption  of  Sulfur  Dioxide 


Partial 

Pressure, 

Absorption 

Observer 

tmosphere 

Liquid 

Surface 

Rate“ 

1.0 

Water,  not 

stirred 

Quiet 

0.10 

Becker  0) 

0.03 

Water,  stirred 

Quiet 

0.15 

Whitman  and 
Davis  (10) 

0.5 

1.8  M  KOH, 
stirred 

Quiet 

0.63 

Dayis  and 

Crandall  (2) 

0.1 

Water  flowing 

Wetted  wall 
tower& 

1.2 

Haslam  et  al. 
(3) 

2  X  10"' 

0.002  MH2O2 

Wetted  wall 
tube® 

3 . 5 

• 

This  paper 

a  Grams  of  SO2  per  sq.  cm.  per  min.  X  107,  calculated  to  a  partial  pressure 
2  X  10"'  atmosphere  in  each  case.  .  . 

b  Flow:  gas,  121  liters  per  min.;  liquid,  1800  cc.  per  min.  in  76-mm. 

«Vlow;Cgas,  15  liters  per  min.;  liquid,  3.3  cc.  per  min.  in  7.6-mm.  tube 
5°  C.). 


ie  c.ontinuous  formation  of  new  films  on  the  former.  The  ab- 
irption  rate  in  the  7.6-mm.  tube  is  three  times  more  rapid  and 
ie  ratio  of  gas  to  liquid  flow  65-fold  greater  than  in  the  76-mm. 
>wer.  This  difference  in  rate  is  explained  by  the  presence  of 
ydrogen  peroxide  in  the  small  tube  and  is  in  accord  with  the  ob- 
■rvation  that  the  latter  is  a  poor  absorber  after  all  the  peroxide  is 
sed  up.  The  behavior  of  this  tube  suggests  that  most  of  the 
quid  is  present  in  an  absorbing  film,  since  efficiency  is  affected 


only  slightly  by  varying  the  excess  of  peroxide.  The  average 
film  thickness  is  about  0.02  cm. 

No  data  could  be  found  in  the  literature  giving  the  initial  ab¬ 
sorption  rate  of  sulfur  dioxide  from  bubbles.  Carbon  dioxide 
{2)  is  absorbed  70  times  as  rapidly  from  a  bubble  surface  as  from 
a  subsurface-stirred  quiet  surface.  If  sulfur  dioxide  behaves 
similarly,  the  estimated  rate  of  absorption  from  bubbles  would  be 
about  3  times  the  value  given  for  the  new  absorber  in  Table  I. 
This  would  explain  the  high  efficiency  of  the  simple  bubbler  pre¬ 
viously  described  ( 8 ). 
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A  Photographic-Viscometric  Apparatus  and  Technique 

JESSE  L.  RILEY  AND  GEORGE  W.  SEYMOUR,  Research  Department,  Celanese  Corporation  of  America,  Cumberland,  Md. 


tn  apparatus  and  procedure  for  the  accurate  determination  of  flow 
mes  of  dilute  solutions  in  the  Ostwald-type  viscometer  have  been 
eveloped.  Means  of  measurement  and  control  of  the  viscometric 
sriables  have  been  designed  on  the  principle  of  making  approxi- 
lately  equal  contributions  to  the  final  error.  A  unique  feature  of 
ie  apparatus  is  the  automatic  timing  device.  Motion  pictures  are 
lade  of  meniscus  transits  in  the  viscometer  and  of  the  virtual  image 
f  an  accurate,  electronically  operated  clock.  Times  of  transit  are 
iterpolated  from  the  pictures  to  0.001  second.  Corrected  flow 
mes  of  three  or  four  check  runs  for  each  of  three  cellulose  acetate 
slutions  in  dioxane  ranging  from  0.01  to  0.3%  concentration  fall 
lithin  a  time  range  of  0.005%. 


IMPROVEMENT  of  the  accuracy  of  the  measurement  of  the 
I  flow7  times  of  dilute  high-polymer  solutions  in  conjunction  with 
uitable  calibration  or  correction  of  the  viscometer  will  provide 
'iscosity  data  which  will  make  possible  a  more  critical  evaluation 
I  the  several  methods  of  extrapolation  ( 6 ,  7,  9)  for  obtaining 
atrinsic  viscosities. 

The  realization  of  this  end  is,  of  course,  based  on  a  proper 
ppreciation  of  the  variables  involved  (1,  4,  5,  10,  13)  and  the 
levelopment  of  apparatus  embodying  the  inferred  degrees  of 
lurecision  in  the  measurement  or  control  of  these  variables.  An 
lutstanding  treatment  of  this  problem  has  already  been  pro¬ 
dded  by  Jones  and  Talley  ( 8 ).  Perhaps  the  most  notable  feature 
if  their  work  was  a  photoelectric  timing  device  which  auto- 
natically  recorded  flow  times  to  a  precision  of  0.01  second.  In 
he  present  work,  a  photographic  timing  device  is  used,  which 
possesses  several  advantages  not  inherent  in  the  photoelectric 
iming  device.  The  entire  timing  record  of  a  run,  including 
dentification,  is  contained  on  about  0.5  meter  of  16-mm.  film. 
The  times  of  transit  of  the  initial  and  final  marks  on  the  viscom- 
:ter  may  be  obtained  by  interpolation  from  six  to  twenty  pre-  and 
I  lost-transit,  readings.  The  standard  deviation  of  reading  the 


transit  time  of  any  run  may  be  made  subject  to  calculation  by 
statistical  means. 

ANALYSIS  OF  VISCOMETRIC  ERROR 

Design  of  the  apparatus  was  based  on  an  analysis  of  error  with 
the  intent  that  error  contributions  from  the  several  variables 
controlled  and  measured  would  be  of  the  same  magnitude.  To 

g 

achieve  a  given  coefficient  of  variation  -  for  an  individual  result 

the  permissible  error  contributions  of  the  variables  may  be 
calculated  from  the  equation 


s 

x 


V(  i)!  +  (!)’ +  (!)' 


The  primary  variables,  considering  the  case  of  the  Ostwald 
viscometer,  are  three:  time,  temperature,  and  pressure.  The 
volume  of  flow  and  the  dimensions  of' the  capillary  are  constant. 
Pressure  may  be  analyzed  into  three  subordinate  variables: 
sample  volume,  sample  density,  and  viscometer  alignment.  To 
obtain  a  coefficient  of  variation  for  this  five-variable  condition  of 
0.01%  the*  contribution  of  each  variable  should  be  0.004%.  An 
aim  of  0.003%  was  set  for  the  measurement  or  control  of  each 
of  the  five  variables  to  provide  a  reasonable  margin  to  cover  small 
oversights  or  the  failure  quite  to  meet  the  specification  on  some 
one  variable.  The  required  magnitudes  are  shown  in  Table  I, 
calculated  for  an  assumed  100-second  flow  time  in  an  Ostwald 
viscometer  of  conventional  proportions. 


Table  I.  Permissible  Error  Contributions  of  Variables 

Variable  Corresponding  to  ±0.003% 

Time  ±0 . 003  second  per  100  seconds 

Temperature  ±0.002°  C.  for  dioxane  at  25°  C. 

Sample  volume  ±0.001  ml. 

Sample  density  ±0.3  mg.  for  10-gram  pycnometer  sample 

Viscometer  alignment  ±30  seconds  of  arc  in  plane  of  limbs  of  viscometer 


388 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  18,  No. 


Drainage  and  surface  tension. errors,  which  affect  volume  of 
flow  and  pressure,  are  best  limited  through  proper  design  of  the 
viscometer  (S).  They  are  not  given  explicit  consideration  in  this 
analysis.  The  effect  such  errors  would  have  on  the  relative  vis¬ 
cosities  of  dilute  solutions  in  a  single  solvent  can  be  assumed  to  be 
substantially  less  than  other  contributions  to  error. 

The  components  in  the  apparatus  are  described  in  the  same 
order  as  the  variables  to  which  they  relate.  A  schematic  diagram 
of  the  assembled  components  of  the  apparatus  is  shown  in 
Figure  1. 


PHOTOGRAPHIC  TIME  RECORDER 


An  electrical  60-cycle  frequency  standard,  A,  accurate  to 
±  0.001%  provides  the  basis  of  time  measure.  (The  frequency 
standard  was  specially  made  by  American  Time  Products,  Inc. 
It  has  an  output  at  i  15  volts  of  40  watts.)  Current  from  this 
frequency  standard  is  used  to  operate  60-cycle,  115-volt  syn¬ 
chronous  motors  which  drive  a  25-cm.  (10-inch)  dial,  sweep 
second  clock,  and  a  5-inch  dial  conventional  electric  clock,  B. 
(The  10-inch  dial  sweep  second  clock  consumes  5  watts  alternat¬ 
ing  current.  It  is  made  by  the  Standard  Electric  Time  Com¬ 
pany.)  This  timing  combination  is  calibrated  by  audio-visual 
comparison  to  standard  time  signals  broadcast  by  WWV,  the 
National  Bureau  of  Standards  radio  station,  and  received  on 
radio  W.  Error  of  0.001%  corresponds  to  0.3  second  in  8  hours, 
a  readily  observable  difference. 

The  5-inch  dial  clock  is  mounted  in  front  of  and  concentric 
to  the  10-inch  dial  clock  by  means  of  three  fine  wires  (see  Figure 
2  for  detail).  The  clocks  are  so  placed  that  a  spherical  mirror, 
C,  establishes  a  virtual  image  of  the  clocks  in  juxtaposition  to  the 

measuring  bulb  of  an  Ostwald- 
type  viscometer,  D,  immersed  in  a 
thermostatically  controlled  water 
bath,  L.  A  16-mm.  motion 


picture  camera,  E,  operated  at  32  frames  per  second,  is  focus* 
to  photograph  the  virtual  image  of  the  clocks  and  the  measurii 
bulb  of  the  viscometer.  The  clocks  operate  continuously.  T) 
exposure  lever  of  the  camera  is  manually  operated  during  tl 
transits  by  the  meniscus  of  the  two  graduations  of  the  viscometc  i 
(Functional  relations  of  camera,  clocks,  mirror,  and  viscometc 
are  shown  in  Figure  3.)  To  “stop”  the  second  hand  of  the  clo< 
a  0.001-second  exposure  time  is  required.  It  was  obtained  l: 
using  a  disk  shutter  with  a  12°  opening  in  place  of  the  shutt< 
with  a  1  Pj71/2  0  opening  supplied  with  the  camera.  Lighting  d 
mands,  using  80  Weston  (tungsten)  film  and  an  /1.9  lens,  a: 
moderate. 

The  necessarily  rapid  passage  of  the  upper  graduation  of  tl 
Ostwald  viscometer  by  the  meniscus  is  secured  by  reduction  i 
the  internal  diameter  of  the  upper  tube  to  about  1  mm.  Small 
diameters  permit  spanning  and  resultant  bubble  formation  in  tl 
upper  tube. 


THERMOSTAT 


The  thermostatically  controlled  water  bath  is  simple  in  coi 
struction  but  can  be  made  to  operate  with  a  variation  as  small  •< 
±0.001°  C. 


The  water  bath,  L,  is  constructed  of  copper,  lagged  with  cor 
and  contains  a  0.6-cm.  (0.25-inch)  plate  glass  front.  Tl 
capacity  is  120  liters.  Circulation  is  provided  by  means  of  s 
Aminco  centrifugal  purnp-type  stirrer.  The  pattern  of  flow 
stabilized  by  means  of  the  glass  vane,  T.  Flow  from  the  pun 
is  directed  on  the  cooling  coil,  0,  and  heating  coil,  P,  which  a 
grouped  together.  A  highly  sensitive  Aminco  mercury-in-gla 
thermoregulator  is  placed  directly  in  the  wake  of  the  heating  ai 
cooling  coils.  This  reduces  to  a  minimum  the  lag  in  the  heatin 
cooling  cycle.  The  rate  of  heating  of  the  200- watt  heating  cc 
is  controlled  by  the  variable  transformer,  S.  The  average  he 
consumption  is  about  50  watts.  An  adjustable  constant  rate 
cooling  is  obtained  by  use  of  a  constant-level  device,  Z,  on  tl 
cooling  water  supply.  The  optimum  adjustment  requires  th 
the  rate  of  cooling,  heater  off,  be  slow,  about  0.006°  C.  per  mi 
ute,  and  that  the  rate  of  heating,  heater  on,  be  approximate 
equal.  Under  these  conditions  thermal  lag 
the  thermoregulator  is  reduced  to  a  minimui 
The  critical  element  is  the  thermoregulator, 
must  have  a  well-defined  cycle  of  on-off  oper 
tion  within  0.001°  C.  If  these  conditions  a 
met,  the  temperature  control  indicated  w 
result.  The  true  temper 


ture  of  the  bath  was  d 
termined  by  reference  to 
thermometer  with  com 
tions  certified  to  0.01° 
by  the  National  Bureau 
Standards. 


TO  WATER 
- .Y 


SAMPLE  VOLUME  AND 
DENSITY 


Fisure  1.  Schematic  Diagram  of  Photographic  Viscometer 


A. 

Standard  60-cycle,  1 1  5-volt  source 

o. 

B. 

Clock  assembly 

p 

C. 

Spherical,  surface-silvered  mirror 

Q. 

D. 

Viscometer  and  clamp 

R. 

E. 

16-mm.  motion  picture  camera 

S. 

F. 

Stop  watch  for  rough  checks 

T. 

G, 

Switch  for  photographic  illumination 

U. 

H. 

Photoflood  lamps  and  reflectors 

V. 

w. 

J. 

K. 

Cheesecloth  diffusion  screen 

Opal  glass  diffusion  plates 

L. 

Thermostat  bath 

X. 

M. 

Beckmann  thermometer 

Y. 

N. 

Circulating  pump 

Z. 

Cooling  coil 
Heating  coil 

Sensitive  thermoregulator 
Electronic  relay 

Variable  transformer  for  regulation  of  heating  rate 
Glass  vane  for  directing  circulation 

Level,  lapped  brass  bar  for  supporting  viscometer  clamps 

Leveling  screws 

Short-wave  radio  receiver 

Run  identification  tag 

Operator’s  position 

Constant-level  water  supply  for  cooling  coil 


Analytical  Balanc 
Pipet,  Pycnometer.  T 
sample  volume  is  rough 
determined  by  a  pipet,  th 
accurately  calculated  frc 
the  density  and  the  weig 
increase  of  the  loaded  v 
cometer  determined  on 
analytical  balance.  T 
loaded  viscometer  is  ai 
weighed  after  the  viscosi 
determination.  The  tii 
rate  of  change  in  chat 
volume  due  to  volatile  1< 
is  calculated.  From  tl 
rate  the  average  solve 
loss  per  run  is  obtained  a 
a  corrected  volume  cal< 
lated  for  each  trial. 

The  sample  density 
determined  in  a  lO-i 
Ostwald-type  pycnomet 
thermostatically  control 
to  ±0.001°  C.  and  weigh 
to  0.1  mg. 


me,  1946 
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VISCOMETER  CLAMP,  LEVEL,  AND  VISCOMETER 

A  viscometer  holder  consisting  of  a  screw  clamp,  two  brass 
-blocks,  and  a  spring  clamp,  all  securely  attached  to  a  stainless 
eel  column,  D,  is  used.  The  heavy  brass  bar,  U,  upon  which 
is  mounted  is  secured  to  the  thermostat  frame.  The  vertical 
ignment  of  the  clamp  is  checked  by  means  of  a  highly  sensitive 
vel,  30  seconds  of  arc  per  0.1  inch,  mounted  perpendicular  to  a 
id,  which  is  held  as  the  viscometer  is  held.  Adjustment  in  level 
made  by  turning  the  bolts,  V  (Figure  1)  which  function  as  legs 
»r  the  thermostat.  (Figure  4  shows  the  viscometer  clamp  in 
etail  and  illustrates  the  use  of  the  level  in  the  alignment  test.) 
The  viscometer  in  present  use  is  the  Ostwald  type,  capillary 
ngth,  12.5  cm.,  diameter  0.5  mm.  Bulb  capacity  is  approxi- 
ately  3  ml.  and  the  charge  volume  about  6  ml.  Diameter  of  the 
pper  capillary  is  about  1  mm. 


Figure  2.  Clock  Assembly 


igure  3.  Functional  Positions  of  Clocks,  Mirror,  Viscometer 
and  Camera 


Any  viscometer  that  can  be  made  to  photograph  satisfactorily 
can  be  used.  A  Ubbelohde  viscometer  would  eliminate  the  sample 
volume  considerations.  Minor  modifications  would  adapt  the 
apparatus  for  use  with  the  Hoeppler  or  other  falling  ball 
viscometers. 

PROCEDURE 

The  most  necessary  single  element  in  a  flow  time  determination 
is  the  avoidance  of  dust  particles  in  the  viscometer.  All  cleaning 
fluids  entering  the  viscometer  pass  through  a  fine  sintered  plate 
funnel  (Figure  5).  The  viscometer  is  dried  with  air  drawn 
through  the  same  sintered  plate.  Cleaning  fluids  and  air  are 
propelled  through  the  viscometer  by  attachment  of  the  effluent 
side  to  a  vessel  maintained  at  reduced  pressure,  B'. 

Once  cleaned  and  dried,  the  viscometer  is  stoppered  with  dust- 
free  rubber  stoppers  and  weighed.  The  sampling  pipet  is  cleaned 
and  dried  similarly. 

The  sample  is  drawn  into  the  pipet  through  a  fine  sintered 
plate  filter  stick  (Figure  5).  A  flash  evacuation  of  the  pipet, 
by  proper  manipulation  of  stopcock  A suffices  to  draw  in  the 
sample.  Concentration  changes  caused  by  volatile  loss  may  be 
shown  by  calculation  to  be  negligible. 

The  filtered  sample  is  transferred  from  the  pipet  to  the  weighed 
viscometer,  and  is  shaken  to  assure  air  saturation  and  to  put  any 
dust  which  may  be  present  in  motion  so  that  it  may  be  seen.  The 
presence  of  visible  particles  disqualifies  a  sample.  If  the  liquid 
appears  dust-free,  the  sample  weight  is  obtained. 

The  viscometer,  equipped  with  inverted  tubes  at  both  openings 
to  keep  out  dust,  is  placed  in  the  clamp  in  the  thermostat  and  let 
stand  for  10  minutes.  The  sample  is  then  drawn  up  slowly  by  an 
aspirator  bulb  to  above  the  top  graduation.  Clocks  and  viscom¬ 
eter  are  illuminated  by  operation  of  switch  G  (Figure  1).  The 
sample  is  let  flow  and  the  transit  of  the  upper  graduation  by  the 
meniscus  is  photographed.  Photographic  illumination  is  imme¬ 
diately  turned  off.  It  is  turned  on  again  to  photograph  the 


Figure  5.  Cleaning  Device  for  Viscometer  and  Pipet 
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Table  II.  Flow  Times  of  Cellulose  Acetate  Solutions  in  Dioxane 


Correction  Factors 


Observed 

Sample 

Sample 

Corrected 

Mark 

Concn. 

Time 

Temp. 

Volume 

Temp." 

volume  b 

Density' 

Time 

%  w/w 

Sec. 

°  C. 

Ml. 

Sec. 

64 

0  009707 

366.299 

24.994 

5 . 9846 

0.999894 

1.000152 

1 . 000040 

366.331 

366.308 

24 . 994 

5 . 9840 

0.999894 

1.000169 

1.000040 

366 . 346 

366.315 

24.992 

5 . 9834 

0.999859 

1.000187 

1 . 000040 

366.347 

366.308 

24.992 

5 . 9828 

0.999859 

1 . 000203 

1 . 000040 

366.345 

55 

0  09749 

425.832 

25.001 

5.9987 

1.000018 

0.999758 

1.000292 

425.861 

425.806 

25 . 002 

5.9981 

1.000035 

0.999773 

1.000292 

425 . 848 

425.809 

25.001 

5.9975 

1.000018 

0.999791 

1 . 000292 

425.851 

62 

0.2934 

589 . 728 

24.997 

5.9869 

0.999947 

1.000090 

1 . 000808 

590.227 

589.711 

24.996 

5.9863 

0.999930 

1.000110 

1 . 000808 

590.211 

589.690 

24.996 

5.9857 

0.999930 

1.000133 

1 . 000808 

590.204 

a  Based 

on  temperature  coefficient  of  viscosity  for  dioxane  of  op- 

&  Read 

from  calibration 

curve  relating* 

flow  time 

to  sample  volume  for  dioxane. 

Factor  is 

unity  for  sample 

volume  of 

c  Solution  density  referred  to  density  of  dioxane  solvent  of  1.02781  grams  per  ml.  at  25.00°  C. 


transit  of  the  bottom  graduation.  (If  illumination  is  left  on 
for  more  than  several  seconds,  the  bath  temperature  is  measur¬ 
ably  increased.)  Temperature  during  the  trial  is  recorded.  At 
least  three  checks  are  made.  The  viscometer  is  removed  from 
the  thermostat  and  dried  and  the  final  sample  weight  obtained. 

The  negative  film  is  developed  and  projected  on  a  microfilm 
reader.  A  plot  of  the  distance  of  the  meniscus  from  the  gradua¬ 
tion  versus  time  may  be  used  to  give,  by  interpolation,  the  time 
of  transit  to  an  apparent  ±0.001  second.  Time  of  flow  is  the 
difference  in  upper  and  lower  transit  times.  A  photographic 
record  of  a  single  run  and  a  plot  of  the  data  read  from  it  are 


shown  in  Figures  6  and  7.  As  the  relation  of  meniscus  position 
to  time  is  linear,  an  analytical  expression  may  instead  be  used  to 
treat  the  data  from  which  the  time  of  transit  and  the  standard 
deviation  of  a  reading  may  be  calculated. 

TREATMENT  OF  DATA 

A  corrected  flow  time  is  calculated  by  correcting  the  charge 
volume  to  a  standard  value,  correcting  for  the  effects  of  density 
on  driving  force,  and  for  temperature  deviation,  if  any. 

Results  obtained  for  a  commercial  cellulose  acetate  dissolved 
in  1,4-dioxane  and  the  factors  for  converting  to  corrected  flow 


Figure  6.  Photographic  Timing  Record 


times  are  shown  in  Table  II. 

In  each  instance  the  time  for  the  first  trial  is  farthest  from  the 
average,  suggesting  temperature  equilibrium  had  not  been  quite 
attained.  Even  including  first  trials,  each  set  has  a  range  o: 
less  than  0.005%,  inferring  a  standard  deviation  of  the  order  o: 
magnitude  sought. 

The  corrected  times  shown  in  the  last  column  will,  of  course,  re 
quire  the  application  of  a  calibration  or  kinetic  energy  correctioi 
before  being  used  in  the  calculation  of  rela 
tive  viscosities.  Procedures  for  determining 
and  applying  the  kinetic  energy  correctioi 
are  reported  elsewhere  (2,  5,  11,  12,  14). 
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ure  7.  Conversion  of  Photographic 
Timing  Data  to  Transit  Times 
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Electron  Diffraction  and  Electron  Microscope  Study  of 
Oxide  Films  Formed  on  Metals  and  Alloys  at 

Moderate  Temperatures 

Stripped  Oxide  Films  of  Metals 

R.  T.  PHELPS1,  EARL  A.  GULBRANSEN,  AND  J.  W.  HICKMAN,  Westinghouse  Electric  Corporation,  Pittsbursh,  Pa. 


The  oxidation  process  occurring  on  metals  has  been  studied  by 
electron  diffraction  and  electron  microscopy,  using  oxide  films 
stripped  by  procedures  suggested  by  Evans  and  co-workers.  The 
apparatus  and  techniques  are  briefly  described.  The  metals  studied 
include  chromium,  cobalt,  copper,  iron,  molybdenum,  nickel, 
aluminum,  columbium,  and  tungsten.  The  electron  micrographs 
and  electron  diffraction  patterns  are  presented  and  discussed.  The 
oxide  films  are  shown  to  consist  of  small  oxide  crystals  ranging  ih 
size  from  100  to  2500A. 

THE  physical  and  chemical  structure  of  the  oxide  films  formed 
on  metals  and  alloys  is  of  considerable  interest  in  our  under¬ 
standing  of  their  protective  properties.  The  authors  (10, 14)  have 
studied  the  structure  of  the  oxide  films  formed  on  metals  and 
alloys  by  the  reflection  method  of  electron  diffraction.  These 
studies  show  that  chemical  and  physical  transformations  occur 
during  the  formation  and  heating  and  cooling  of  the  oxide  film. 
Inasmuch  as  the  reflection  method  samples  only  the  outer  surface 
of  the  film,  the  information  obtained  is  incomplete.  The  bulk 
I  structure  and  composition  may  be  considerably  different  from 
j  that  on  the  outer  surface.  In  addition,  the  nature  and  size  of  the 
crystals  in  the  oxide  film  can  only  be  approximated  by  the  reflec¬ 
tion  technique. 

This  paper  presents  electron  microscope  and  electron  diffraction 
evidence  concerning  the  structure  of  electrochemically  and  chem¬ 
ically  stripped  films  from  a  series  of  nine  metals  which  had  been 
oxidized  under  known  conditions:  iron,  nickel,  cobalt,  chromium, 
molybdenum,  tungsten,  columbium,  aluminum,  and  copper. 

ELECTRON  MICROSCOPE  TECHNIQUE 

The  use  of  the  electron  microscope  for  the  study  of  the  sub- 
microscopic  fine  structure  of  matter  is  well  known  (1).  Com¬ 
mercial  instruments  are  available  with  a  resolving  power  of  less 
than  40  A.  Thus,  the  shape  of  particles  and  the  nature  of  the 
mosaic  structure  of  a  system  of  crystals  may  be  approximated  for 
particles  of  150  A.  or  larger.  The  low  penetrating  power  of  60-kv. 
electrons  in  matter  limits  its  direct  use  to  oxide  films  of  the  order 
of  500  A.  in  thickness.  The  preparation  of  such  films  requires  the 
use  of  electrochemical  or  chemical  methods  for  stripping  the  oxide 
film  from  the  metal. 

SURVEY  OF  THE  LITERATURE 

Stripping  of  Film.  The  presence  of  a  film  on  passive  iron 
was  proved  by  Evans  (4)  who  stripped  films  too  thin  to  show  in¬ 
terference  colors  from  metals. 

His  first  method  was  based  on  electrochemical  action,  using 
the  oxidized  metal  as  the  anode  in  order  to  dissolve  the  metal 
underlying  the  film.  This  method  was  applied  to  oxidized  elec¬ 
trolytic  iron,  copper,  and  aluminum  to  secure  films  which  were 
examined  with  the  light  microscope.  The  second  method  was 
based  on  direct  chemical  attack  of  the  underlying  metal  by  a 
saturated  solution  of  iodine  in  10%  potassium  iodide. 

Later  Evans  and  Stockdale  (5)  extended  and  modified  the  elec¬ 
trochemical  method  to  remove  oxide  films  from  iron,  copper, 
nickel,  carbon  steel,  and  stainless  steel.  For  removal  of  the  film 

1  Present  address,  American  Cyanamid  Company,  Stamford,  Conn. 


from  iron,  saturated  potassium  chloride  in  a  hydrogen  atmosphere 
was  used  as  the  electrolyte.  Hydrogen  prevented  contamination 
of  the  removed  film  by  secondary  reaction  products  caused  by 
oxidation  of  the  dissolved  iron. 

Vernon,  Wormwell,  and  Nurse  (23)  modified  Evans’  iodine 
method  by  using  the  reagent  developed  by  Rooney  and  Stapleton 
(19)  to  remove  oxide  films  from  iron  and  carbon  steel.  In  this 
technique  both  oxygen  and  water  were  eliminated  as  possible 
contaminating  agents  by  employing  a  solution  of  iodine  in  an¬ 
hydrous  methyl  alcohol  in  a  nitrogen  atmosphere. 

Several  chemical  methods  have  been  successful  in  removing 
films  from  different  metals.  Withey  and  Millar  (26)  developed 
an  analytical  method  of  estimating  the  oxide  in  or  on  aluminum 
which  has  been  applied  by  several  workers  to  the  removal  of  the 
oxide  film.  Aluminum  metal  is  removed  from  its  oxide  film  by 
treatment  with  hydrogen  chloride  at  300°  to  400°  C.;  the  oxide 
film  is  retained  intact.  Wernick  (24)  and  Fischer  and  Kurtz  (6) 
removed  oxide  film  from  aluminum  by  scratching  the  film  and 
immersing  in  saturated  mercuric  chloride  solutions.  Kutzelnigg 
'(16)  dissolved  tin  foil  away  from  its  oxide  by  a  10%  ferric  chloride 
solution.  Tammann  and  Arntz  (22)  rendered  visible  the  film 
present  on  silver  by  placing  on  the  surface  a  drop  of  mercury, 
which  spreads  below  the  film,  raising  it  from  the  metal. 

% 

Transmission  Electron  Diffraction  of  Oxide  Films. 
Most  of  the  oxide  films  on  massive  pieces  of  metal  have  been 
studied  by  the  reflection  method. 

Darbyshire  (3)  studied  stripped  oxide  films  of  nickel  and 
copper  by  the  transmission  method ;  the  patterns  were  identified 
as  NiO  and  Cu20,  respectively. 

Oxide  films  of  iron,  nickel,  and  copper  were  stripped  from  the 
metals  and  examined  by  Smith  (20).  Air-heated,  first-order  in¬ 
terference  colored  films  of  iron  gave  patterns  corresponding  to 
Fe304  or  7-Fe203.  Heating  of  one  of  the  films  to  600°  C.  gave  a 
pattern  which  resembled  more  nearly  that  of  7-Fe203  as  prepared 
by  dehydration  of  7-FeOOH. 

Iitaka,  Miyake,  and  Iimori  (15)  claimed  that  the  film  stripped 
from  iron  passivated  in  dichromate  was  7-Fe203,  not  Fe304. 

Steinheil  (21)  obtained  transmission  patterns  of  aluminum 
oxides  after  stripping  from  the  metal.  At  room  temperature  the 
oxide  formed  was  a  face-centered  cubic  structure  with  do  = 
5.35  A.  When  the  oxide  was  formed  by  heating  in  a  small  flame  it 
conformed  to  the  x-ray  structure  of  7-Al203. 

White  and  Germer  (25)  measured  the  rate  of  oxidation  of  thin 
copper  films  by  transmission  of  both  the  copper  and  cuprous 
oxide. 

Electron  Microscopy  of  Oxide  Films.  Henneberg  (13) 
showed  micrographs  of  the  oxide  films  stripped  from  iron,  alu¬ 
minum,  and  nickel. 

Mahl  (17)  obtained  micrographs  of  stripped  oxide  films  of  elec¬ 
trolytic  iron  and  aluminum.  The  iron  oxide  films  showed  a  granu¬ 
lar  structure,  while  those  of  aluminum  showed  both  granular  and 
amorphous  structures,  depending  on  the  treatment  of  the  metal. 

The  micrographs  by  Fischer  and  Kurtz  (6)  of  stripped  alumi¬ 
num  oxide  films  show  a  definite  granular  structure.  The  films 
were  prepared  by  electrolytic  oxidation  by  either  direct  or  alter¬ 
nating  current  and  by  using  sulfuric  or  oxalic  acid.  The  film  was 
stripped  from  the  metal  by  the  mercuric  chloride  technique. 

APPARATUS 

Electron  Diffraction  Camera  with  Furnace.  This 
apparatus  is  described  in  previous  papers  (8,  10,  14)-  The  pol¬ 
ished  metal  sample  is  oxidized  under  controlled  conditions  of  tern- 
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perature,  time,  and  oxygen  pressure  in  the  elec¬ 
tron  diffraction  furnace.  The  progress  of  the  oxi¬ 
dation  is  studied  in  situ  by  electron  diffraction  at 
the  temperature  of  the  reaction. 

Electrolytic  Apparatus  for  Removing  Ox¬ 
ide  Films.  Two  modified  versions  of  the  ap¬ 
paratus  described  by  Evans  (5)  are  used 
to  remove  the  oxide  film  from  the  metal  by 
electrolysis. 


The  apparatus  shown  in  Figure  1  consists  es¬ 
sentially  of  three  parts,  cell  A  for  electrolysis  in 
an  hydrogen  atmosphere,  reservoir  B  with  oxygen- 
free  wash  water,  and  hydrogen  purifying  parts  C 
and  G. 

A  has  three  side  arms,  fitted  with  stopcocks.  T 2 
leads  directly  to  the  source  of  purified  hydrogen. 

Electrolytic  tank  hydrogen  is  purified  by  passing 
the  gas  over  copper  turnings  at  300°  C.  and  through  a  solution  of 
sodium  bicarbonate  in  C.  Hydrogen  pres  sure  is  used  to  force 
the  wash  water  from  B  through  T3  into  cell  A.  The  electrolyte 
and  washings  are  removed  by  TV  The  cell  is  divided  into  two 
compartments  by  a  fritted-glass  filter. 

Boiled,  saturated  potassium  chloride  solution  is  placed  in  A. 
Purified  hydrogen  from  C  is  bubbled  alternately  through  the  solu¬ 
tions  in  both  arms  by  a  tube  (not  shown  in  Figure  1)  leading  di¬ 
rectly  from  C  into  the  cell  at  the  openings  at  the  top.  After  this 
preliminary  blow-out  of  the  air,  the  purified  hydrogen  enters  T 2 
to  sweep  out  the  air  above  the  solution  continuously  during  the 
electrolysis.  The  oxidized  metal,  D,  is  installed  as  the  anode  and  is 
held  in  place  by  the  rubber  stopper,  F,  which  has  a  small  vent  for 
escape  of  hydrogen.  The  cathode,  E,  is  the  same  metal  as  D,  or 
platinum. 

The  source  of  current  is  1 10  volts  direct  current.  The  current 
passed  through  the  cell  is  controlled  by  a  potentiometer-rheostat 
and  a  second  rheostat  in  series  with  the  electrodes.  The  elec¬ 
trolysis  is  started  at  a  current  of  10  ma.  and  increased  gradually  to 
60  ma.  if  the  film  is  not  loosened  after  one  hour.  The  time  neces¬ 
sary  to  remove  the  film  varies  from  0.5  to  1.5  hours. 

As  the  electrolysis  proceeds  the  loosened  film  detaches  itself 
or  is  freed  by  lightly  tapping  the  electrode.  The  film  is  recovered 
as  squares  1  mm.  on  an  edge  because  the  oxidized  surface  had 
been  ruled  previously  in  such  a  manner.  Washing  of  the  pieces 
of  film  istaccomplished  by  draining  through  7\  and  forcing  wash 
water  through  T3  with  T2  closed.  After  washing,  the  cell  is  dis¬ 
connected  at  T2  and  T3  to  invert  and  to  remove  the  pieces  of  film 
to  a  small  dish. 


Electron  Microscope.  A  type  EMB-4  microscope,  equipped 
with  an  electron  diffraction  unit,  is  used. 


after  cleaning,  are  heat-treated  at  elevated  temperatures  in  dis¬ 
sociated  ammonia  gas  or  in  wet  hydrogen.  The  details  of  the 
heat  treatment  and  subsequent  metallographic  polish  are  shown 
in  Table  I.  The  specimens  are  stored  in  a  desiccator  over  an¬ 
hydrous  calcium  chloride. 

•  The  metal  specimen  is  placed  in  the  electron  diffraction  camera 
furnace  (5,  10,  14)  and  heated  to  the  proper  temperature.  Oxy¬ 
gen  to  a  pressure  of  0.1  atmosphere  is  admitted  and  the  specimen 
is  oxidized  for  a  predetermined  time.  The  time  and  temperature 
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Figure  2.  Specimen  before  and  after  Electrolysis 


A. 

B. 

C. 


Reflection  diffraction 
Film  on  metal 

Film  mounted  for  electron  microscopy 


CALIBRATION 


Electron  Diffraction.  The  use  of  the  electron  diffraction 
adapter  of  the  electron  microscope  has  been  described  in  detail 
by  Picard  (18).  Magnesium  oxide  is  used  as  a  diffraction  stand¬ 
ard.  In  the  calibration  procedure,  the  diameters,  D,  of  the  trans¬ 
mission  diffraction  rings  are  recorded.  The  lattice  spacings,  dm, 
are  obtained  from  x-ray  diffraction  tables  (11).  The  calibration 
constant,  Dxdm,  is  calculated  for  the  several  rings,  and  the 
value  is  found  to  be  27.3.  From  the  measured  diameters  of  the 
unknown  diffraction  pattern,  the  values  of  the  lattice  spacings, 
dhki,  are  readily  obtained. 

Electron  Microscope.  The  magnification  is  determined  by 
establishing  a  relationship  between  the  lower  magnification  range 
of  the  electron  microscope  with  optical  measurements  on  the 
same  object.  A  10.67-micron  tungsten  wire  is  used  as  the  object. 
Having  established  this  relationship,  the  higher  magnifications 
can  be  calibrated  by  comparison  of  the  distance  between  two 
particles  at  the  high  magnification  with  the  same  distance  at  a 
lower  magnification  where  the  relationship  with  the  light  instru¬ 
ment  has  been  established.  Dispersed  titanium  dioxide  particles 
are  used  in  this  study. 

PREPARATION  OF  SPECIMENS 

The  specimens  are  machined  from  bars  of  the  metals  to  cylin¬ 
ders  0.92  cm.  (0.375  inch)  in  diameter  and  0.375  inch  long,  and 


Table  I.  Analysis  and  Preparation  of  Metal  Specimens 


Metal  Analysis 


Heat  Treatment  Polishing 


Cr 

Co 

Cu 

Fe 

Mo 

Ni 

A1 

Cb 

W 


Electroplated  on  pol¬ 
ished  oxygen-free 
high  conductivity 
Cu 

Electrolytic  P  0.003, 
A1  0.033,  AI2O3 
0.004,  C  0.0015 

Oxygen-free,  high 
conductivity 

Research  Puron, 
99.96% 


99.95  +  % 


Commercial  grade, 
C  0.02,  Mn  0.29, 
Si  0.02,  Cu  0.07, 
Co  0.80,  Fe  0.15 
99.986% 


99.9  +  % 


99.9  +  % 


None 


1000°  C.  for  15 
hours  in  dissoci¬ 
ated  ammonia 
gas 

900°  C.  for  15  hours 
in  dissociated 
ammonia  gas 
1000°  C.  for  15 
hours  in  wet  H2 


1200°  C.  for  1  hour 
in  dissociated 
ammonia  gas 
1000°  C.  for  12 
hours  in  dissoci¬ 
ated  ammonia 
gas 

None 


None 


10  hours  at  1200°  C. 
dry  H2 


Emery  paper  No.  1, 
320  wax  wheel, 
chrome  rouge,  No.  1 
alumina 

Emery  paper  No.  1, 
320  wax  wheel, 
chrome  rouge,  No.  3 
alumina 

Emery  papers  through 
000,  chrome  rouge, 
No.  3.  alumina 
Emery  papers  through 
000,  chrome  rouge, 
No.  3  alumina  with 
95%  alcohol 
Emery  papers  through 
000  chrome  rouge, 
Nos.  1  and  3  alumina 
Emery  paper  No.  1, 
320  wax  wheel, 
chrome  rouge,  No.  3 
alumina 

Emery  papers  through 
000,  chrome  rouge, 
Nos.  1  and  3  alumina 
Emery  papers  through 
000,  chrome  rouge, 
Nos.  1  and  3  alumina 
Emery  paper  through 
000,  chrome  rouge, 
Nos.  1  and  3  alumina 
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Figure  3.  Study  of  Oxidation  of  Nickel 

a.  Light  micrograph,  polished 

b.  Light  micrograph,  oxidized 

c.  Electron  micrograph,  stripped  oxide  film 

d.  Electron  micrograph,  replica,  oxidized  surface 

- >. 


conditions  of  the  oxidation  are  estimated 
from  rate  measurements  where  available. 
Oxide  film  thicknesses  of  the  order  of 
1.0  to  3.0  micrograms  per  sq.  cm.  weight 
of  oxygen  can  be  studied  effectively. 
Where  rate  measurements  are  not  avail¬ 
able,  it  is  necessary  to  make  intelligent 
guesses  as  to  the  oxidation  conditions. 

Electron  diffraction  reflection  patterns 
are  taken  of  the  sample  after  oxidation 
and  after  cooling  in  vacuo  to  room  tem¬ 
perature.  The  specimen  is  removed  and 
cut  carefully  in  two  portions;  one  por¬ 
tion  is  used  for  making  photomicrographs 
at  100  and  1000  X. 

A  thin  film  of  Parlodion  is  formed  on 
the  surface  of  the  other  portion  by  plac¬ 
ing  a  small  drop  of  0.01%  solution  of 
Parlodion  in  amyl  acetate  on  the  surface 
and  draining  off  the  excess  solution. 
After  the  film  is  dry,  the  surface  is 
scratched  with  a  sharp  point  of  a  needle 
into  1-sq.  mm.  sections.  To  protect  the 
sides  and  bottom  of  the  sample  from  elec¬ 
trochemical  or  chemical  action,  these 
parts  are  painted  with  a  protective 
coating.  The  details  of  this  part  of  the 
sample  preparation  are  shown  in  Figure  2. 

The  sample  is  now  placed  either  in  the 
i  electrolytic  cell  shown  in  Figure  1  or  in  a 
beaker  for  chemical  attack  for  removal  of 
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Figure  4.  Oxide  Film  of  Chromium,  Cr  5-600 

cl.  Electron  micrograph  stripped  film 

b.  Electron  diffraction  transmission  stripped  film 

c.  Electron  diffraction  reflection  film  on  metal 

d. e.  Light  micrograph  film  on  metal 


the  film.  Chemical  or  electrochemical 
attack  occurs  at  the  scratches  where  the 
metal  is  exposed.  As  the  attack  develops 
the  film  is  gradually  loosened  from  the 
metal.  The  films  are  washed  by  hot 
oxygen-free  distilled  water  in  the  elec¬ 
trochemical  cell  or  in  the  beaker.  The 
small  squares  are  now  ready  for  mount¬ 
ing  on  the  specimen  screens  and  are 
placed  in  the  microscope  for  study  after 
drying  in  a  vacuum  chamber  at  room 
temperature. 

METHOD  OF  INTERPRETING  DATA 

Electron  Diffraction.  The  elec¬ 
tron  diffraction  reflection  method  has 
been  discussed  in  previous  papers  (8,  10, 
14).  The  methods  used  in  the  inter¬ 
pretation  of  data  by  the  transmission 
technique  are  similar  to  those  used  for 
the  reflection  method.  In  the  transmis¬ 
sion  technique  the  specimen  is  the  sam¬ 
ple  of  stripped  film.  The  diffraction 
patterns  obtained  are  a  series  of  concen¬ 
tric  rings  instead  of  half  circles  as  in  the 
reflection  method. 

The  transmission  method  possesses 
several  advantages  over  the  reflection 
method.  The  diffraction  rings  are 
sharper  and  the  background  of  incoher¬ 
ent  scattering  is  less.  The  transmission 
method  also  yields  information  on  the 
structure  of  the  whole  film,  while  the  re¬ 
flection  method  indicates  only  the  struc¬ 
ture  of  the  outer  surface.  This  is  im¬ 
portant,  since  the  surface  structure  is 
probably  different  from  the  structure  of 
the  body  on  the  film. 
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Table  II.  Electron  Diffraction  Data 

(Oxide  films  formed  on  the  metals  at  0.1  atmosphere  of  O2  at  various  times  at  various  temperatures) 


Diffraction  Patterns 


Metal 

Temp. 

°  C. 

Oxidation 

Min. 

Preoxidation  by  Ra 

Oxidized  by  R 

Oxidized  at  25°  C.  by  R 

Stripped  by  T 

Cr 

600 

5 

Cr2Os,  VDa 

Cr203,  S 

Cr2Os,  S 

Cr2Os,  M 

600 

30 

Cr203,  VDO 

Cr203,  SO 

Cr2Oj,  SO 

Cr203,  D 

Co 

200 

50 

None 

CoO,  4.28°,  VD 

CoO,  4 . 28,  VD 

CoO,  4.24;  C03O4,  8.07,  D 

300 

10 

C03O4,  8.12,  VD 

C03O4,  8. 12,  SO 

C03O4,  8.12,  DO 

CoO,  4.25;  C03O,,  8.06,  S 

400 

5 

Co;  CoO,  4.28,  VDO 

Co;  CoO,  4.28,  SO 

Co;  CoO,  4.28,  SO 

CoO,  4.24,  MO 

400 

10 

CoO,  4.22,  VD 

CoO,  4.22,  S 

CoO,  4.22,  S 

CoO,  4  23,  M 

400 

30 

CoO,  4.28,  VDO 

CoO,  4.28,  S 

CoO,  4.28,  S 

CoO,  4.24,  MO 

500 

5 

CoO,  4.29,  VDO 

CoO,  4.29,  S 

CoO,  4.29,  S 

CoO,  4.24,  MO 

Cu 

200 

5 

C112O,  4.32;  CuO,  VD 

Cu20,  4.32;  CuO,  S 

Cu20,  4.32;  CuO,  S 

Cu20,  4.23,  MO 

200 

30 

CU2O,  4.33,  VD 

CU2O,  4.33,  S 

Cu20,  4.33,  S 

Cu20,  4.24,  DO 

Fe 

250 

5 

FesOr,  8.49,  DO 

FesOr,  8.49,  DO 

FejO«,  8.49,  DO 

FesCb,  8 . 35,  M 

250 

30 

Fe,  VD 

Fe304,8.44;  a-Fe203,  SO 

Fes04,  8.44;  a-Fe203,  SO 

Fe304,8.35;  a-Fe203,  SO 

300 

5 

FesOr,  VD 

'Fe304,8.43rS 

Fe304,  8.43,  S 

Fe30,,8.37,  DO 

Ni 

400 

20 

NiO,  4 . 20,  VD 

NiO,  4.20,  S 

NiO,  4.20,  S 

NiO,  4.17,  SO 

450 

5 

NiO,  4.20,  VDO 

NiO,  4.20,  MO 

NiO,  4.20,  MO 

NiO,  4 . 15,  DO 

500 

5 

NiO,  4.20,  VD 

NiO,  4.20,  MO 

NiO,  4.20,  MO 

NiO,  4.15,  SO 

500 

20 

NiO,  4.22,  VD 

NiO,  4.22,  MO 

NiO,  4.22,  MO 

NiO,  4.15,  MO 

500 

60 

NiO,  4.17,  DO 

550 

5 

NiO,  4.19,  SO 

Mo 

450 

5 

None 

M02O3,  s 

Mo203,  S 

MorOi,  M 

500 

5 

None 

M02O3,  M0O3,  S 

M02O*,  M0O3,  s 

M02O3,  M 

A1 

500 

5 

None 

a- AI2O3 

7-AI2O3,  VD 

cr-AROs 

7-AI2O3,  VD 

7-AI2O3;  a-AUOa  VD 

Cb 

400 

5 

None 

CbO,  M 

CbO,  M 

Cb2Os;  CbO,  SO 

W 

400 

5 

None 

None 

None 

W03,  D 

450 

5 

None 

None 

None 

WO3,  D 

*  Key:  R, 
unit  cell  size. 

reflection; 

T,  transmission ; 

S,  sharp  lines;  M,  medium  lines;  VD,  very  diffuse  lines;  D,  diffuse  lines;  O,  oriented  pattern.  Numbers  refer  to 

Electron  Microscope.  The  electron  microscope  can  be  ap¬ 
plied  to  the  stud}"  of  surfaces  of  opaque  bodies  in  two  ways:  (1) 
If  the  structure  of  the  surface  is  of  interest,  a  polystyrene-silica 
replica  may  be  made.  Thus,  if  a  thin  oxide  film  is  present  on  the 
surface,  the  replica  will  show  the  outer  physical  contours  of  the 
oxide  film.  A  comparison  of  a  micrograph  of  this  replica  with 


one  made  before  oxidation  would  be  interesting.  (2)  By  use  of 
the  stripped  film  technique  the  details  of  crystals  making  up  the 
body  of  the  oxide  can  be  studied. 

To  compare  the  two  methods  a  specimen  of  polished  nickel  is 
oxidized  at  400°  C.  for  20  minutes  in  0.1  atmosphere  of  oxygen. 
The  sample  is  divided  into  two  parts.  A  polystyrene-silica  replica 
is  made  of  one  half  and  the  oxide  film  is 
stripped  electrochemically  from  the 
other  half.  Figure  3  shows  a  comparison 
of  the  results  achieved  by  the  two  meth¬ 
ods.  The  replica  shows  more  detail  of 
the  physical  structure  of  the  outer  sur¬ 
face,  while  the  stripped  film  shows  more 
detail  of  the  crystal  structure  of  the 
oxide  film.  The  stripped  film  technique 
is  used  in  this  study.  Not  only  is  more 
information  obtained  from  the  micro¬ 
graphs  of  the  stripped  film  but  the  elec¬ 
tron  diffraction  pictures  of  the  body  of 
the  film  may  be  compared  with  that 
taken  of  the  surface  by  the  reflection 
technique. 

Information  Recorded.  The  follow¬ 
ing  information  is  recorded  from  the 
electron  micrographs  of  the  stripped  film: 
(1)  particle  size,  (2)  particle  size  distri¬ 
bution,  (3)  particle  shape,  (4)  uniformity 
in  film  thickness,  and  (5)  type  of  micro¬ 
graph.  The  particle  size  is  obtained  by 
averaging  measurements  on  a  number  of 
crystals,  while  the  particle  size  distribu¬ 
tion  indicates  the  variation  in  particle 
size.  The  particle  shape  is  determined 
from  an  examination  of  the  more  typical 
shapes  in  the  pattern.  Uniformity  in 
film  thickness  refers  to  the  presence  of 
thick  and  thin  portions  of  the  film. 
The  type  of  micrograph  refers  to  a  num¬ 
ber  of  features  of  interest,  including  (1) 
the  sharpness  of  the  crystal  edges,  (2) 
the  presence  of  overlapping  crystals,  and 
(3)  the  presence  of  extraneous  material. 


a 


Figure  5.  Oxide  Fil 

a.  Electron  micrograph  stripped  film 

b.  Electron  diffraction  transmission  stripped  film 


b 


100 fJ, 

of  Cobalt,  Co  5-400 

c.  Electron  diffraction  reflection  film  on  metal 

d,  e.  Light  micrograph  film  on  metal 
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Time  of 

Table  III.  Electron  Microscope  Analyses 

Color  of  Film  Micro-  Particle  Size 

of  Stripped  Oxide  Films  of  Metals 

Metal 

Temp. 

°  C. 

Oxidation 

Min. 

on  Metal 

graph 

Size 

A. 

Distribution 

A. 

Shape 

Uniformity 

Type  of  Micrograph 

Cr 

600 

5 

Greenish  yellow 

4 

400 

250  to  750 

Irregular 

Fairly  uniform 

Medium  sharp,  overlapping  crystals 

600 

30 

Mauve 

a 

400 

250  to  750 

Irregular 

Nonuniform 

Diffuse,  overlapping  crystals 

Co 

200 

50 

Light  yellow 

a 

450 

300  to  700 

Irregular 

Fairly  uniform 

Diffuse,  overlapping  crystals 

300 

10 

Mauve-blue 

a 

300 

200  to  400 

Irregular 

Uniform 

Medium  sharp 

400 

5 

Blue  and  yellow 

5 

450 

250  to  1000 

Irregular 

Fairly  uniform 

Sharp,  overlapping  crystals 

400 

10 

Pink  and  green 

6 

600 

300  to  1500 

Irregular  and 

square,  angular 

Nonuniform 

Sharp,  overlapping  crystals 

400 

30 

Greenish  blue 

a 

600 

300  to  1500 

Irregular,  angular 

Nonuniform 

Sharp,  overlapping  crystals 

500 

5 

Silver-pink  II 

a 

1000 

600  to  2000 

Irregular,  angular 

Nonuniform 

Sharp,  overlapping  crystals 

Cu 

200 

5 

Yellow 

7 

500 

300  to  900 

Irregular 

Nonuniform 

Medium  sharp,  overlapping  crystals 

200 

30 

Brown 

a 

750 

450  to  1500 

Irregular 

Nonuniform 

Medium  sharp,  overlapping  crystals 

Fe 

250 

5 

Light  blue  I 

a 

350 

250  to  500 

Irregular 

Nonuniform 

Diffuse 

250 

30 

Pink  blue  II 

8 

1200 

500  to  1800 

Irregular,  angular 

Fairly  uniform 

Sharp,  overlapping  crystals 

300 

5 

Silver-blue  II 

a 

400 

300  to  600 

Irregular,  angular, 
some  large  slen¬ 
der  crystals 

Nonuniform 

Diffuse,  overlapping  crystals 

Mo 

450 

5 

Yellow-mauve  I 

9 

500 

250  to  1000 

Irregular,  angular 

Nonuniform 

Medium  sharp 

Ni 

400 

20 

Yellow-mauve  I 

10 

400 

300  to  600 

Irregular  squares 

Nonuniform 

Sharp,  overlapping  crystals 

450 

5 

Silver-yellow 

a 

500 

300  to  800 

Irregular 

Fairly  uniform 

Diffuse 

500 

5 

Yellow  II 

a 

600 

400  to  1000 

Irregular 

Uniform 

Diffuse 

500 

20 

Yellow-red  II 

n 

600 

300  to  1500 

Irregular 

Nonuniform 

Medium  sharp 

500 

60 

Yellow-red  II 

a 

600 

300  to  1500 

Irregular,  angular 

Nonuniform 

Medium  sharp 

550 

5 

Silver-yellow  II 

a 

600 

300  to  2000 

Irregular 

Nonuniform 

Sharp,  overlapping  crystals 

A1 

500 

5 

Light  yellow 

and  metallic 

12 

500 

100  to  2500 

Large  regular, 

small  irregular 

Nonuniform 
film  discon¬ 
tinuous 

Sharp,  particles  overlap 

Cb 

400 

5 

Dark  blue  and 
light  purple 

13 

250 

100  to  600 

Very  irregular 

Nonuniform 

cracks 

Medium,  patchwork  of  thick  an'd 
thin  sections 

w 

°  Micro 

400  5 

graphs  not  shown. 

Light  reddish 
yellow 

14 

150 

100  to  400 

Round,  irregular 

Fairly  uniform 

Sharp,  replica  of  metal  grains 

To  study  the  effect  of  stripping  on  the 
chemical  structure  of  the  film,  a  specimen 
of  Nichrome  V  is  polished  and  then  oxi¬ 
dized  in  the  electron  diffraction  camera 
furnace.  After  cooling  to  room  tempera¬ 
ture,  a  reflection  pattern  is  taken.  The 
sample  is  now  subjected  to  the  stripping 
procedure.  Before  the  film  is  completely 
loosened,  the  sample  is  removed,  washed, 
and  dried.  It  is  placed  in  the  electron 
diffraction  camera  and  a  reflection  pic¬ 
ture  of  the  surface  layer  is  again  taken. 
No  change  in  the  chemical  structure  is 
noticed.  This  evidence,  together  with 
the  fact  that  hydrated  oxides  of  the 
metals  have  not  been  observed,  indi¬ 
cates  that  the  electrochemical  stripping 
procedure  does  not  affect  the  surface 
appreciably. 


Oxide  Films.  In  studying  the  oxide 
films  formed  on  the  metals  at  0.1  atmos¬ 
phere  of  oxygen  for  various  times  at 
various  temperatures,  the  samples  are 
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Fisure  6.  Oxide  Film  of  Cobalt,  Co  10-400 

a.  Electron  micrograph  stripped  film  c.  Electron  diffraction  reflection  film  on  metal 

b.  Electron  diffraction  transmission  stripped  film  d,  e.  Light  micrograph  film  on  metal 


These  features  are  important  in  classifying  a  micrograph  but 
are  less  definite  in  their  interpretation. 


heat-treated  and  polished  as  described  in  Table  I  before  being 
placed  in  the  electron  diffraction  camera  furnace  for  oxidation. 
For  most  of  the  metals  several  oxidations  are  made  under  different 
time  and  temperature  conditions.  Results  of  electron  diffraction 
study  are  shown  in  Table  II. 

Three  reflection  patterns  and  one  transmission  pattern  are 
taken  of  the  oxide  film.  The  first  reflection  pattern  is  taken  of  the 


RESULTS 


Preliminary  Experiments.  The  methods  used  for  the  strip¬ 
ping  of  oxide  films  from  metals  are  well  known,  but  several  points 
concerning  the  general  technique  appear  to  need  clarification. 
Are  extraneous  reaction  products  formed 
as  a  result  of  chemical  or  electrochemical 
action?  Is  it  necessary  to  use  a  hydrogen 
atmosphere  in  the  electrochemical  cell? 

Does  the  stripping  technique  affect  the 
chemical  and  physical  structure  of  the 
oxide  film? 

Several  stripping  experiments  have 
been  made  using  both  an  air  and  a 
hydrogen  atmosphere.  Electron  micro¬ 
graphs  made  from  these  films  show  more 
extraneous  matter  from  the  films  stripped 
in  an  air  atmosphere.  A  hydrogen 
atmosphere  is  adopted  in  the  standard 
technique. 
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DISCUSSION 

Electron  Diffraction.  The  ex¬ 
perimental  dhki  values  are  compared 
to  the  values  obtained  from  x-ray 
data  and  the  patterns  identified. 
The  dhki  values  also  are  used  to  calcu¬ 
late  the  lattice  parameters,  a,  for 
oxides  of  the  cubic  types.  The  x-ray 
data,  used  for  identification  purposes, 
are  shown  in  Table  IV.  The  lattice 
parameters  for  Mo203,  CbO,  and  Cb2Os 
have  not  been  determined  from  the 
x-ray  data. 

Table  V  shows  a  comparison  of  the 
electron  diffraction  results  obtained 
in  this  study  with  the  x-ray  param¬ 
eters.  The  composition  of  the  oxide 
films,  with  several  exceptions  in  the 
cobalt  and  copper  oxidation  experi¬ 
ments,  is  shown  to  be  similar  by 
the  transmission  and  the  reflection 
methods.  The  oxides  found  can  be 
correlated  with  known  oxide  struc¬ 
tures.  With  the  exception  of  several 
oxidation  experiments  on  cobalt  and 
copper,  the  oxides  fit  fairly  well 
with  the  predictions  of  the  time- 
temperature  existence  regions  previ¬ 
ously  studied  (10,  14)-  Differences 
may  be  expected  due  to  the  polish¬ 
ing  procedures  employed  and  to 
the  pressure  influence  on  the  existence 
chart. 


metal  in  the  vacuum  of  the  camera 
before  oxidation  and  at  the  tem¬ 
perature  of  the  experiment.  The  sec¬ 
ond  is  taken  after  the  oxidation,  and 
the  third  is  taken  after  the  oxidized 
sample  is  cooled  to  25°  C.  in  a 
vacuum.  The  transmission  pattern  of 
the  stripped  oxide  film  is  also  included, 
in  order  to  compare  the  body  struc¬ 
ture  of  the  film  with  its  surface  struc¬ 
ture.  Table  II  shows  the  chemical 
structure  of  the  surface  oxide,  the 
unit  cell  size  where  readily  calculable, 
and  the  type  of  diffraction  pattern  ob¬ 
tained. 

Figures  4  to  14  show  the  light 
micrographs,  electron  micrographs, 
electron  diffraction  transmission  pat¬ 
terns,  and  electron  diffraction  reflec¬ 
tion  patterns  for  the  metal  specimens. 
The  lengths  of  1,  10,  or  100  microns 
are  shown  on  the  photographs.  The 
light  micrographs  were  taken  of  the 
unstripped  oxide  film  at  100  and  1000  X , 
while  the  electron  micrographs  were 
taken  at  6800  X  and  enlarged  optically 
to  34,000  X. 


Table  III  summarizes  the  infor¬ 
mation  recorded  from  the  electron 
microscope:  (1)  color  of  oxide  film 
on  metal,  (2)  particle  size  in  Angstroms, 
(3)  particle  size  distribution,  (4)  parti¬ 
cle  shape,  (5)  film  uniformity,  and  (6) 
type  of  micrograph. 


1  /X  lOOjU, 

Figure  8.  •  Oxide  Film  of  Iron,  Fe  30-250 

а,  d.  Electron  micrograph  stripped  film  c.  Electron  diffraction  reflection  film  on  metal 

б.  Electron  diffraction  transmission  stripped  film  e.  Light  micrograph  film  on  metal 
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Figure  7.  Oxide  Film  of  Copper,  Cu  5-200 

Electron  micrograph  stripped  film 


b.  Electron  diffraction  transmission  stripped  film 


c.  Electron  diffraction  reflection  film  on  metal 

d,  e.  Light  micrograph  film  on  metal 
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The  lattice  parameters  of  the  oxide 
structures  shown  in  Table  V  indicate 
deviations  from  the  accepted  x-ray  data. 
A  previous  work  (10)  indicated  that  the 
electron  diffraction  reflection  method 
yielded  lattice  parameters  slightly  larger 
than  the  x-ray  values.  This  positive 
deviation  was  attributed  to  either  the 
presence  of  metal  in  solid  solution  in 
the  oxide  lattice  or  strains  set  up  as  a' re¬ 
sult  of  the  formation  of  the  oxide  film. 

Positive  deviations  are  also  noticed 
in  the  reflection  measurements  of  this 
study.  The  transmission  data  show 
small  negative  deviations.  A  breakdown 


a 


ili 


Table  IV.  Oxide  Lattice  Parameters  and  Structural  Type,  X-Ray 

Data 

Lattice  Parameters 


Substance 

Reference 

a 

be  a 

Structural  Type 

FeO 

12 

4.28 

Face-centered  cubic 

CoO 

12 

4.25 

Face-centered  cubic 

NiO 

12 

4.17 

Face-centered  cubic 

CusO 

12 

4.24 

Cubic 

FesOj 

12 

8.40 

Cubic  spinel 

7~Fe203 

13 

8.32 

Cubic  spinel 

C03O4 

12 

8.11 

Cubic  spinel 

7-AI2O3 

IS 

7.895 

Cubic  spinel 

a-Fe203 

12 

5.42 

55°  17' 

Rhombohedral 

Cr203 

12 

5 . 35 

54°  58' 

Rhombohedral 

CK-AI2O3 

12 

5.12 

55°  17' 

Rhombohedral 

MO2O3 

12 

CuO 

12 

4 . 66 

3.40  5.09 

Monoclinic 

W03 

12 

7.28 

7.48  3.82 

Monoclinic 

CbO 

7 

Cb205 

7 

Figure  1 0. 
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Oxide  Film  of  Nickel,  Ni  20-400 


Figure  9  (Below).  Oxide  Film  of  Molybdenum,  Mo  5-450 


a.  Electron  micrograph  stripped  film 

b.  Electron  diffraction  transmission  stripped  film 

c.  Electron  diffraction  reflection  film  on  metal 

d.  Light  micrograph  film  on  metal 


a.  Electron  micrograph  stripped  film 

b.  Electron  diffraction  transmission  stripped  film 


a 


IOjU, 


c.  Electron  diffraction  reflection  film  on  metal 

d,  e.  Light  micrograph  film  on  metal 


b  c 


\OOfl 


of  the  average  deviations  on  a  percent¬ 
age  basis  of  the  oxide  lattice  parameters 
from  the  x-ray  values  is  shown  in  Table 
VI.  The  precision  involved  in  the 
measurement  of  the  lattice  parameters 
is  about  0.25%  for  the  transmission 
patterns  and  about  0.4%  for  the  re¬ 
flection  patterns. 

The  reflection  method  yields  lattice 
parameters  which  average  0.7%  high, 
while  the  transmission  method  gives 
values  which  average  0.2%  low.  A  cross 
calibration  of  the  instruments  was  made 
by  taking  patterns  of  the  same  specimen 
of  stripped  oxide  film.  The  transmission 
electron  diffraction  pattern  taken  with 
the  electron  microscope  gave  an  average 
deviation  of  dhki  values  from  the  x-ray 
values  of  less  than  0.1%,  while  the 
electron  diffraction  high-temperature 
camera  gave  an  average  deviation  of 
0.2%.  This  cross  calibration  indicated 
either  that  the  positive  deviations 
noticed  on  the  .reflection  patterns  are 
real  or  that  some  unknown  factor  is 
affecting  the  reflection  experiments. 
The  improbability  of  relating  this  un¬ 
known  factor  to  a  variable  specimen 
to  plate  distance  in  the  reflection  tech¬ 
nique  has  been  discussed  (10). 
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rate  of  nucleation  and  the  rate  of  growth 
of  the  oxide  crystals.  If  the  surface  is 
limited  in  area  and  the  rate  of  nuclea¬ 
tion  and  growth  sufficiently  high,  a  two- 
dimensional  mosaic  structure  will  be 
formed.  Further  growth  of  a  particular 
crystal  must  be  at  the  expense  of  other 
crystals  in  the  same  plane  or  in  a  direc¬ 
tion  normal  to  the  surface.  The  rates 
of  nucleation  and  of  growth  are  rate 
processes  and  are  exponential  functions 
of  the  free  energy  of  activation  and  the 
temperature.  These  free  energies  of  acti¬ 
vation  have  unique  values  for  each 
oxide  and  for  each  particular  crystal 


100  /J, 

Figure  11.  Oxide  Film  of  Nickel,  Ni  20-500 

a.  Electron  micrograph  stripped  film 

b.  Electron  diffraction  transmission  stripped  film 

c.  Electron  diffraction  reflection  film  on  metal 

d.  Light  micrograph  Him  on  metal 


Table  V.  Lattice  Parameters  of  Oxide  Fil 

ms 

Oxidizing 

Composition  and  a 

Conditions 

By 

By 

Metal 

Temp 

Time 

transmission 

reflection 

X-ray  Data 

0  c. 

Min. 

Co 

200 

50 

C03O4,  8.07; 

CoO,  4.28 

CoO,  4.24 

300 

10 

Co,Oi,  8.06; 

Co304,  8.12 

Co3Or,  8.11 

CoO,  4.25 

400 

5 

CoO,  4.24 

CoO,  4.28 

400 

10 

CoO,  4.23 

CoO,  4.22 

CoO,  4.25 

400 

30 

CoO,  4.24 

CoO,  4.28 

500 

5 

CoO,  4.25 

CoO,  4.29 

Cu 

200 

5 

CusO,  4.23 

C112O,  4.32; 

CuiO,  4 . 24 

CuO 

200 

30 

CusO,  4.24 

CusO,  4.33 

.... 

Fe 

250 

5 

Fe304,  8  35 

Fe304,  8.49 

Fe3Or,  8.40 

250 

30 

FejO«,  8.35; 

Fe3Or,  8.44; 

a-Fe20a 

a-Fe20a 

300 

5 

Fe304,  8.37 

FeaO*,  8 . 43 

7-Fe20*,  8.32 

Ni 

400 

20 

NiO,  4.17 

NiO,  4.20 

450 

5 

NiO,  4.15 

NiO,  4.20 

NiO,  4.17 

500 

5 

NiO,  4 . 15 

NiO,  4 . 20 

500 

20 

NiO,  4.15 

NiO,  4.22 

500 

60 

NiO,  4.17 

550 

5 

NiO,  4 . 19 

If  this  effect  is  real,  then  the  removal 
of  the  positive  deviations  in  the  stripped 
oxide  film  pattern  is  an  interesting  ques¬ 
tion.  This  may  result  from  the  electro¬ 
chemical  attack  on  the  iron  in  solid 
solution  in  the  oxide  lattice  or  by  re¬ 
moval  of  strains  in  the  film  after  strip¬ 
ping  from  the  metal.  Support  for  the 
former  hypothesis  can  be  seen  in  the  ob¬ 
servations  of  Bernard  (8)  on  the  increase 
of.  the  lattice  parameter  of  FeO  from 
4.282  A.  to  4.298  A.  by  the  solid  solu¬ 
tion  of  iron  in  the  lattice.  This  is  of  the 
same  sign  and  magnitude  as  the  positive 
deviations  observed  in  Table  VI. 

The  negative  deviations  are  also  of 
interest.  They  are  greatest  for  Fe304 
and  C03O4,  where  other  oxides  may  be 
formed  and  go  into  solid  solution,  and 
are  least  for  NiO  and  Cr203,  where  only 
one  oxide  is  observed. 

Electron  Microscope.  The  size 
and  shape  characteristics  of  the  crystals 
in  an  oxide  film  are  determined  by  the 

- > 

Figure  12.  Oxide  Film  of  Aluminum, 
Al  5-500 

a.  Electron  micrograph  stripped  film 

b.  Electron  diffraction  transmission  stripped  film 

c.  Electron  diffraction  reflection  film  on  metal 

d.  e.  Light  micrograph  film  on  metal 
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Figure  1  3  (Above  and  Right).  Oxide  Film  of  Columbium,  Cb  5-400 

o.  Electron  micrograph  stripped  film  c.  Electron  diffraction  reflection  film 

b.  Electron  diffraction  transmission  on  metal 

stripped  film  d,  e.  Light  micrograph  film  on  metal 


Table  VI.  Average  Deviation  of  Oxide  Lattice  Parameters  from 


X-Ray  Val 

Transmission 

ues 

Reflection 

Devi- 

Devia- 

No.  of 

Compo- 

ation, 

No.  of 

Compo- 

tion, 

Metal 

expts. 

sition 

% 

expts. 

sition 

% 

Co 

6 

CoO 

-0.20 

5 

CoO 

+  0.47 

2 

C03O4 

-0.56 

1 

CO3O4 

+  0.12 

Cu 

2 

CusO 

-0.12 

2 

C112O 

+  2  0 

Fe 

3 

Fea04 

-0.55 

3 

Fe3C>4 

+  0.63 

Ni 

6 

NiO 

-0.16 

4 

NiO 

+  0.84 

Cr° 

2 

Cr20a 

+  0.10 

2 

Cr2C>3 

+  0.62 

Average  deviation  — 

a  Calculated  from  dhkl  values. 

0.20% 

Average 

deviation  +0  72% 

100  IJb 


face.  The  number  and  size  of  the  oxide  crystals  are  therefore  a 
function  of  the  temperature.  The  shape,  sharpness  of  the  crystal 
boundaries,  and  other  features  of  the 
oxide  crystal  are  determined  by  the 
rate  processes  and  the  crystal  structure 
of  the  oxide.  Silica  is  known  to  be 
amorphous,  while  cuprous  oxide  is  defi¬ 
nitely  crystalline. 

Another  point  of  view  of  the  oxida¬ 
tion  process  which  may  be  useful  is  a 
comparison  of  the  volume  ratio  of  the 
oxide  to  the  metal.  Metals  which 
form  oxides  having  a  volume  ratio 
greater  than  1  are  usually  protective, 
while  metals  forming  oxides  with  a 
volume  ratio  of  less  than  1  are  usually 
nonprotective.  If  the  crystals  are  to 

grow  uniformly  in  all  directions,  com-  i _ 

pressive  forces  may  be  expected  in  one 
type  of  film  and  tensile  forces  in  the 
other.  This  phenomenon  has  been 
used  frequently  to  explain  the  porosity 
of  some  films  and  the  cracking  of 
others. 

The  process  of  formation  of  the  first 
layer  of  crystals  in  the  oxide  film  is 
interesting.  The  first  stage  of  the  re¬ 
action  of  a  clean  metal  with  oxygen  has 
been  shown  to  involve  the  formation 
of  a  uniform  monomolecular  layer  of 
oxygen.  A  thin  film  of  oxide  has  been 
found  to  grow  rapidly  after  the  initial 
layer  has  been  formed  (9).  At  some 
point  crystal  nucleation  must  start  and 


Figure  14  (Below).  Oxide  Film  of  Tungsten,  W  5-400 


a.  Electron  micrograph  stripped  film 

b.  Electron  diffraction  transmission 

stripped  film 


c.  Electron  diffraction  reflection  film 

on  metal 

d,  e  Light  micrograph  film  on  metal 

b  c 
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then  the  crystal  may  grow.  Its  growth  in  the  surface  plane  is 
limited  by  the  interference  of  other  crystals. 

The  electron  micrographs  and  light  micrographs  of  the  oxida¬ 
tion  experiments  are  shown  in  Figures  4  to  14.  Table  III  sum¬ 
marizes  the  information  taken  from  the  electron  micrographs. 

° 

The  films  consist  of  small  oxide  crystals  100  to  2500  A.  in  size, 
largely  of  irregular  shapes  with  a  fewr  films  showing  definite 
crystal  shapes.  The  oxide  crystals  are  of  the  order  of  10“ 3  to 
10“ 5  of  the  linear  dimension  of  the  metal  crystal  or  grain  and 
10“6  to  10“ 10  of  the  area. 

The  crystal  size  is  a  function  of  both  time  and  temperature. 
The  effect  of  temperature  can  be  shown  in  the  series  of  oxidation  ex¬ 
periments  on  cobalt  and  on  nickel.  F or  the  nickel  oxidation  series 
the  average  oxide  crystal  size  increases  from  400  A.  at  400°  C.  to 
600  A.  at  550°  C.,  while  in  the  cobalt  oxidation  series  the  average 

o  o 

oxide  crystal  size  increases  from  450  A.  at  200°  C.  to  1000  A.  at 
500 0  C.  The  time  effect  on  the  oxide  crystal  size  can  be  seen  from 
an  analysis  of  the  cobalt,  copper,  and  iron  experiments. 

The  oxide  films  are  largely  nonuniform,  as  they  consist  of  thicker 
and  thinner  sections.  This  indicates  a  multilayer  film  of  oxide 
crystals.  Thus,  nucleation  occurs  in  contact  not  only  with  the 
initial  thin  oxide  layer  but  with  other  oxide  crystals.  This  multi¬ 
layer  nucleation  process  does  not  form  oxide  crystals  in  as  regular 
a  manner  as  in  the  first  layer.  Therefore,  clustering  of  crystals 
in  the  outer  layers  is  noticed  and  nonuniform  films  are  formed. 
Local  concentrations  of  impurities  or  a  small  void  in  the  initial 
oxide  layer  may  partially  account  for  this  phenomenon. 

It  is  noticed  from  an  analysis  of  the  electron  micrographs  that 
frequently  one  crystal  appears  to  overlap  an  adjacent  one,  caus¬ 
ing  a  broad  boundary  zone  to  appear.  This  may  be  the  result  of 

(1)  the  physical  overlap  of  two  crystals,  or  (2)  occurrence  of  the 
contact  zone  between  crystals  at  an  angle  to  the  electron  beam. 
Diffraction  effects  may  give  the  same  effect  as  physical  over¬ 
lapping  of  the  crystals.  This  overlapping  phenomenon  is  noticed 
in  many  of  the  films. 

The  irregular  shape  of  the  oxide  crystals  in  the  first  layer  of  the 
oxide  film  is  to  be  expected.  If  a  second  or  third  layer  of  crystals 
is  formed  on  top  of  the  initial  layer  in  a  nonuniform  manner,  the 
previous  restraints  are  relaxed  and  the  new  crystals  may  assume 
a  more  normal  growth  (Figure  6). 


The  oxides  formed  during  the  oxidation  of  columbium,  tung¬ 
sten,  and  chromium  gave  the  smallest  average  crystal  size.  The 
largest  crystals  are  formed  during  the  oxidation  of  copper,  iron, 
molybdenum,  nickel,  and  cobalt.  The  first  group  probably  form 
the  more  protective  films  against  oxidation  under  the  conditions 
of  the  experiment.  If  the  materials  are  compared  at  the  same 
temperature,  nickel  and  cobalt  would  be  included  in  the  first 
group  and  not  in  the  last.  The  more  protective  metals  appear  to 
form  more  uniform  films,  although  the  correlation  is  not  general. 
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Detection  of  Palladium  Using  Pararosaniline  Hydrochloride 

A  Spot  Test  Procedure 

PHILIP  W.  WEST  and  EDWARD  S.  AMIS 
Coates  Chemical  Laboratories,  Louisiana  State  University,  Baton  Rouge,  La. 

The  reaction  between  palladous  chloride  and  p-fuchsin  has  been 
studied.  p-Fuchsin  reacts  with  palladous  chloride  at  a  mole  ratio  of 
2  to  3,  apparently  with  the  formation  of  a  double  salt.  A  spot  test 
is  proposed  which  is  sensitive  to  0.01  microgram  of  palladium  at  a 
limiting  concentration  of  1  part  in  750,000.  The  reaction  is  highly 
selective. 

DURING  polarographic  analyses  in  which  pararosaniline 
hydrochloride  was  used  as  a  maximum  suppressor,  it  was  ob¬ 
served  that  the  pararosaniline  hydrochloride  color  faded  gradu¬ 
ally  upon  the  addition  of  palladous  chloride.  The  investigation 
then  under  consideration  included  approximately  one  hundred  dif¬ 
ferent  ions,  and  since  the  fading  took  place  only  in  the  presence 
of  the  palladous  salt,  it  was  thought  that  the  reaction  was  suf¬ 
ficiently  specific  to  warrant  further  study.  In  the  investigation, 


emphasis  was  placed  on  the  adaptation  of  the  reaction  for  use  as  a 
spot  test,  although  considerable  effort  was  directed  towrard  eluci¬ 
dating  the  nature  of  the  reaction. 

REAGENTS  AND  CHEMICALS 

Schultz  No.  511  pararosaniline  hydrochloride  (p-fuchsin)  from 
the  National  Aniline  and  Chemical  Company,  Inc.,  was  made  up 
to  a  strength  of  0.01%,  and  c.p.  palladium  chloride  to  0.01% 
(in  respect  to  palladium)  in  distilled  water.  One  per  cent  solu¬ 
tions  of  substances  to  be  studied  for  interfering  effects  were  made 
from  c.p.  chemicals;  2  N  sodium  hydroxide  and  2  N  acetic  acids 
were  used  in  adjusting  the  hydrogen-ion  concentration  of  the 
test  solutions. 

APPARATUS 

Spectrophotometric  studies  were  made  using  a  Model  D  Beck¬ 
man  spectrophotometer  and  1.00-cm.  cells. 
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Table  I.  Comparison  of  p-Fuchsin,  Dimethylglyoxime,  and  p-Nitrosodiphenylamine  Tests  for 

Palladium 


3ositive  interferences 
Negative  interferences 

Masking  interferences 


sensitivity 


p-Fuchsin  a 

Au  +  +  +,  Hg+,  Pt  +  +  +  + 

T1+,  Bi  +  +  +,  CN-,  C2O4--, 
basic  NH.+,  F“,  .CNS-, 
formate,  aniline,  pyridine 

Sn  +  +,  V  +  +  +,  M0O4--,  I", 
Ir  +  +  +,  hypophosphite 


LI  =0.01  microgram 
LC  =  1:750,000 


Dimethylglyoxime 
Au  +  +  + 

Be  +  +,  Ga  +  +  +,  basic  NH4+, 
BOj-,  S  ,  S2O3  , 

CN-,  Fe(CN)s - , 

CNS-,  C2O4-- 
Ti  +  +  +,  hvpophosphite, 

V  +  +  +,  Cr04 "  I",  Fe  +  +, 

Fe  +  +  +,  Rh  +  +  +,  Ir  +  +  +  + 


LI  =  0 . 18  microgram 
LC  =  1:100,000 


p-Nitrosodiphenylamine 

Au  +  +  +,  Pt  +  +  +  + 

Basic  NH(+,  NO2-,  CN-, 
Fe(CN>6  ,  Fe- 

(CN)s - ,  CNS', 

Ag+,  Ti  +  +  +,  Sn  +  +,  hypo- 
phosphite,  VO3  ,  S 
Cr  +  +  +,  Cr04  ,  M0O4--, 
I-,  Co  +  +,  Ru  +  +  +, 

Ir  +  +  +  + 

LI  =  0.005  microgram 
LC  =  1:750,000 


p-fuchsin  and  ions  of  rutheniun, 
rhodium,  osmium,  iridium,  and 
platinum  were  run  and  it  was 
found  that  the  transmittancies 
of  mixtures  of  the  reagent  with 
these  ions  were  additive. 

APPLICATIONS  AS  A  SPOT  TEST 

There  are  several  tests  for 
palladium  (3-7,  9,  10,  12,  15), 
the  most  sensitive  of  which  is 


a  Positive  interferences  listed  refer  to  reactions  with  p-fuchsin.  Actual  test  based  on  use  of  this  reagent,  how¬ 
ever,  is  free  from  positive  interferences. 


EXPERIMENTAL 

Figure  1  shows  the  transmittancy  curves  for  solutions  of  para- 
•osaniline  hydrochloride,  palladous  chloride,  and  a  mixture  of 
:hese  two  solutions.  These  transmittancy  curves  were  deter- 
nined  using  0.005%  solutions  of  pararosaniline  hydrochloride 
md  0.0005%  palladous  chloride.  The  reference  cell  contained 
distilled  water.  The  red  color  of  the  fuchsin  solution  fades  on 
iddition  of  the  palladium  salt.  The  maximum  transmittancy 
lifference  occurs  at  a  wave  length  of  380  m^.  Visual  observation 
>f  this  reaction  discloses  that  dilute  solutions  of  palladium  cause 
i  fading  of  the  red  fuchsin  color,  while  large  concentrations  of 
palladium  react  with  the  fuchsin  to  form  a  finely  dispersed 

I  Drown  precipitate. 

The  nature  of  the  reaction  involved  was  next  investigated. 
The  equivalent  ratio  of  the  two  reactants  was  determined  by 
neans  of  a  spectrophotometric  titration.  This  procedure  was 
rased  on  the  observation  that  the  slopes  of  the  transmittancy  vs. 
nolar  concentration  curves  for  the  fuchsin  and  the  palladous 
'hloride  solutions  were  quite  different  when  determined  at  a 
vave  length  of  380  m/x.  By  adding  known  amounts  of  standard 
1.000999  M  palladium  solution  to  fixed  amounts  (5.00  ml.)  of 
1.000247  M  p-fuchsin,  diluting  the  mixture  to  a  total  volume  of 
10.00  ml.,  determining  the  transmittancies,  and  plotting  the  log 
rer  cent  transmittancy  of  each  mixture,  it  was  found  that  the 
■quivalence  point,  as  indicated  by  the  intersection  of  the  two 
•urves,  was  at  a  mole  ratio  of  p-fuchsin  to  palladous  chloride  of 
2  to  3  (see  Figure  2).  As  a  check  on  this  determination,  analyses 
or  carbon,  hydrogen,  and  chlorine  were  run  which  confirmed  that 
he  composition  of  the  reaction  product  was  2Ci9H17N3HCl.- 
IPdCb.  Analytical  calculations  for  2Ci9H17N3HC1.3PdCl'>:  C, 
18.71;  H,  3.07;  Cl,  24.06.  Found:  C,  38.73;  H,  3.43;  Cl, 
24.36. 

The  nature  of  the  fading  action  due  to  palladium  was  different 
;rom  the  fading  brought  about  by  acids  or  reducing  agents.  This 
was  indicated  by  the  transmittancy  curves  of  acid-faded  and 
sulfur  dioxide-faded  p-fuchsin  as  shown  by 
Figure  3  when  compared  to  Figure  1. 

On  the  basis  of  the  analytical  data  presented, 
the  authors  believe  that  the  product  of  the 
palladous  chloride-pararosaniline  hydrochloride 
reaction  is  a  double  salt.  The  probability  that 
the  fading  action  was  due  to  oxidation-reduction 
was  ruled  out  on  the  basis  of  the  transmittancy 
curves.  The  possibility  that  an  inner-complex 
salt  was  formed  was  rejected  because  the  func¬ 
tional  groups  of  the  pararosaniline  were  so  far 
apart  as  to  prohibit  the  formation  of  stable 
chelate  rings.  Normal  salt  formation  was  con¬ 
sidered  unlikely  because  the  reaction  occurred  in 
slightly  acidic  medium.  The  belief  that  the  reac¬ 
tion  results  in  double  salt  formation  is  of  interest, 
since  this  type  of  reaction  has  not  previously 
been  considered  of  analytical  importance  (1,8,11). 

Because  of  the  close  similarity  between 
members  of  the  platinum  group  metals,  special 
'emphasis  was  placed  on  determining  the  possi¬ 
bility  that  other  elements  of  this  group  might 
react  with  fuchsin  in  a  manner  similar  to  palla¬ 
dium.  Transmittancy  curves  for  mixtures  of 


the  p-nitrosodiphenylaminp 
reaction  (15).  This  test  is 
sensitive  to  0.005  microgram  of 
palladium  and  there  are  few 
interfering  substances.  The  method  can  also  be  used  for  quan¬ 
titative  determinations  of  the  metal. 

The  authors  have  investigated  p-fuchsin  as  a  reagent  for  de¬ 
tecting  palladium  and  have  found  it  to  be  highly  selective  in  its 
reaction.  Most  of  the  important  interferences  can  be  eliminated 
by  simple  means  and  since  p-fuchsin  is  a  common  stable  organic 
compound,  and  the  test  is  so  sensitive  and  easy  to  make,  this 
method  of  testing  for  palladium  should  find  considerable  applica¬ 
tion  in  research  and  routine  analytical  laboratories. 


MJJl 


Figure  1.  Transmittancy  Curves 


MOLES  OF  PARA  FUCHSINE 

Figure  2.  Equivalent  Ratio  of  Reactanfs 
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SCOPE  OF  INVESTIGATION 

The  interference  studies  were  made  using  1%  solutions  of  the 
ions  and  compounds  listed  below  (the  ions  are  listed  in  their  most 
common  forms,  although  it  is  realized  that  in  many  cases  they 
are  actually  present  as  complexes) : 


Li+,  Na+,  K+,  Cu++,  Rb+,  Ag+,  Cs+,  Au+++,  Be++,  Mg++ 
Ca++,  Zn++,  Sr++,  Cd++,  Ba++,  Hg+,  Hg++,  BO-r,  B407  “ 
A1+++,  Ga+++,  Y+++,  In+++,  La+++,  Ce++++,  T1+,  C03“ 
Si03 — ,  Ti++++,  Sn++,  Sn++++,  Pb++,  Zr++++,  Th++++ 

NH4+,  NOr,  NOs-,  H2PD2-,  P4013 - (tetraphosphate) 

P60]8 - (hexametaphosphate),  P03  ,  HP04  ,  P2O7 

V03“,  As02~,  HAs04 — ,  Sb+++,  Bi+++,  S  ,  S203  ,  S03 

S04 — ,  Cr+++,  Cr04  ,  Se03  ,  Se04  ,  Mo04  ,  W04 
Te03 — ,  U02++,  U04— ,  F-,  Cl",  CIO,"  Mn++,  Mn04-,  Br+ 
BrO-r,  I",  IO-r,  Re04-,  Fe++,  Fe+++,  Co++,  Ni++,  Ru+++ 
Rh+++,  0s05“,  Ir++++,  Pt++++,  CN~,  Fe(CN)6  ,  Fe- 

(CN)6 - ,  SCN-,  acetate,  oxalate,  malonate,  formate,  adipate, 

succinate,  phthalate,  tartrate,  citrate,  lactate,  gluconate,  iso¬ 
inositol,  d-sorbitol,  mannitol,  sucrose,  dextrose,  aniline,  pyridine, 
resorcinol. 


The  pH  of  solutions  made  acidic  by  the  addition  of  a  drop  of 
solution  of  such  salts  as  Ti++++  and  Sn++  was  adjusted  to  a  value 
of  between  2  and  4,  as  indicated  by  universal  indicator  paper,  by 
adding  2  to  3  drops  of  sodium  hydroxide  and  then  acetic  acid 
until  the  desired  pH  was  obtained.  Usually  2  to  3  drops  of  acetic 
acid  sufficed.  The  ratio  of  the  substance  being  studied  for  inter¬ 
ference  to  the  palladium  was  100  to  1  (14).  This  unfavorable 
ratio  represented  a  severe  study  of  the  test  and  indicated  what 
could  be  expected  of  it  under  ordinary  working  conditions. 
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Figure  3.  Transmittancy  Curves 


The  test  was  carried  out  by  placing  one  drop  of  palladium  and 
one  drop  of  distilled  water  in  a  depression  of  a  spot  plate.  In  an 
adjacent  depression  was  placed  one  drop  of  a  solution  of  the  sub¬ 
stance  being  studied  for  interference  plus  one  drop  of  palladium 
solution,  and  to  a  third  consecutive  depression  were  added  one 
drop  of  the  substance  and  one  drop  of  distilled  water.  This  pro¬ 
cedure  ensured  approximately  equal  concentrations  of  each  re¬ 
agent  in  any  test  solution.  Into  each  of  the  three  depressions 
one  drop  of  the  p-fuchsin  was  then  measured.  A  faded  brown 
color  or  a  brown  precipitate,  depending  on  the  concentration, 
constituted  the  test.  Where  the  solution  of  the  substance  being 
studied  was  so  acidic  as  to  fade  the  p-fuchsin,  the  pH  was  ad¬ 
justed  as  described  above  and  then  the  volume  of  the  solution  con¬ 
taining  only  palladium  salt  was  adjusted  with  distilled  water 
before  the  p-fuchsin  was  added. 


centration  of  1  to  750,000.  These  limiting  values  were  obtained 
using  micro  volumes  of  both  the  reagent  and  the  palladium  test 
solutions.  The  value  for  the  limiting  concentration  does  not  in¬ 
clude  any  volume  increases  due  to  the  addition  of  reagents. 

The  interferences  were  classified  in  the  manner  described  by 
West  (13). 


Positive  interferences  were  given  by  auric  gold,  mercurous 
mercury,  and  large  amounts  of  platinic  platinum.  These  positive 
interferences  can  be  obviated  by  making  a  confirmatory  test  with 
crystalline  sodium  hypophosphite.  The  hypophosphite  reduces 
palladium  in  any  solution  with  the  formation,  after  a  few  seconds, 
of  a  black  precipitate.  Solutions  containing  gold  or  platinum 
alone  are  not  visibly  affected  by  hypophosphites,  while  solutions 
of  mercurous  mercury  give  a  purple  precipitate  and  this  only 
upon  standing.  This  confirmatory  test  should  be  run  on  solutions 
containing  p-fuchsin,  since  otherwise  mercurous  mercury  gives  a 
black  precipitate  similar  to  that  given  by  palladium.  The  reac¬ 
tion  between  platinum  and  p-fuchsin  gives  a  visible  effect  only 
in  solutions  which  contain  over  5  mg.  of  platinum  per  ml. 

Negative  interferences  were  given  by  ammonium  hydroxide, 
thallous  thallium,  nitrite,  bismuth,  cyanide,  oxalate,  and,  upon 
standing  (4  hours),  fluoride,  thiocyanate,  formate,  aniline,  and 
pyridine.  With  the  exception  of  bismuth,  these  negative  inter¬ 
ferences  are  due  to  competitive  reactions  which  so  reduce  the  ef¬ 
fective  concentration  of  palladium  that  it  no  longer  gives  its 
characteristic  reaction  with  p-fuchsin.  In  the  case  of  thallium, 
the  reaction  results  in  the  formation  of  a  precipitate,  while  in  the 
case  of  the  other  ions,  soluble  complexes  are  formed.  As  a  rule, 
these  negative  interferences  would  apply  to  any  test  for  palladium. 

Masking  interferences  were  given  by  stannous  tin,  vanadous 
vanadium,  hypophosphite,  permanganate,  iodide,  and  iridium. 
The  tin,  hypophosphite,  and  iodide  react  with  palladium  to  give 
dark  precipitates,  while  the  other  ions  interfere,  owing  to  the 
intense  colors  of  their  solutions.  Of  these  interferences,  the  only 
one  of  practical  significance  is  that  of  iridium;  it  can  be  elimi¬ 
nated  by  addition  of  thiosulfate  until  the  color  of  the  iridium  just 
disappears.  Excess  thiosulfate  should  be  avoided.  Iridium  in 
concentrations  of  less  than  5  mg.  per  ml.  does  not  mask  the  p- 
fuchsin  test. 


A  comparison  of  the  p-fuchsin  test  with  the  dimethylglyoxime 
and  p-nitrosodiphenylamine  tests  for  palladium  is  shown  in  Table 
I.  All  three  tests  were  very  satisfactory.  Advantages  claimed 
for  the  p-fuchsin  test  are  that  the  positive  interferences  can  be 
very  easily  obviated,  and  that  no  interferences  of  any  type  are 
given  by  other  members  of  the  platinum  group  of  metals,  pro¬ 
vided  that  the  initial  concentration  of  the  solution  to  be  analyzed 
does  not  exceed  0.05%.  Because  of  the  nature  of  the  test,  it  suffers 
least  from  masking  interferences  due  to  colored  ions. 
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An  investigation  of  the  limit  of  identification  and  the  limiting 
concentration  (£)  of  the  p-fuchsin  test  for  palladium  showed  that 
the  limit  of  identification  was  0.01  microgram  at  a  limiting  con- 
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\  rapid  and  accurate  spark  spectrochemical  system  incorporating 
he  use  of  the  ammonium  chloride— packed  electrode  and  the  flat 
lisk  self-electrode  has  been  developed.  A  commercial  high- 
'oltage  spark  source  unit  with  extra  inductance  is  used  for  excitation 
>f  flat  disk  samples  on  a  Petrey  spark  stand.  A  grating  spectrograph 
s  employed.  Comparator-densitometers  are  used  for  transmission 
neasurements  and  conversion  to  intensity  ratios  is  made  on  cal- 
ulating  boards.  The  system  provides  for  simultaneous  evaluation 
>f  all  zinc  alloy  constituents  and  impurities  quantitatively  on  one 
pectrogram.  The  method  accurately  measures  lead  in  the  range  of 
J.002  to  0.015,  tin  0.002  to  0.015,  cadmium  0.002  to  0.010, 
nagnesium  0.01  to  0.10,  iron  0.01  to  0.10,  copper  0.75  to  3.25, 
ind  aluminum  3.50  to  4.50%. 

THE  accurate  and  complete  analysis  of  zinc-base  alloys  for 
all  alloy  constituents  and  impurities  by  chemical  methods  is 
edious,  time-consuming,  and  often  subject  to  serious  discrepan¬ 
cies.  Using  the  accepted  chemical  methods  of  analyses  for  this 
,ype  of  alloy,  rapid  routine  determinations  are  difficult,  since 
he  chemist  often  has  to  approach  his  analytical  problems  as  if 
hey  were  of  umpire  quality.  For  some  analyses  he  has  to  use 
arge  samples,  make  multiple  precipitations,  exercise  the  utmost 
care,  and  hope  that  his  result  truly  represents  his  sample. 

Zinc-base  alloys  are  manufactured  under  one  of  the  closest 
specification  allowances  of  any  alloy  blended  today;  the  speci- 
Scation  prohibits  the  presence  of  more  than  0.005%  cadmium 
:  and  similarly  low  amounts  of  tin  and  lead  in  the  alloy.  The 
spectrograph  therefore  offers  emancipation  from  the  drudgery 
)f  difficult  and  sometimes  questionable  chemical  analyses. 

Two  and  a  half  years  ago  the  laboratories  of 
Morris  P.  Kirk  &  Son,  Inc.,  subsidiary  of  the 
National  Lead  Company,  acquired  spectrographic 
'equipment  for  the  express  purpose  of  controlling 
the  production  of  nonferrous  metals  and  alloys. 

These  alloys  consist  of  tin-base,  lead-base,  zinc- 
base,  and  a  wide  range  of  aluminum  alloys. 

Today  over  75%  of  all  these  analyses  are  made 
spectrographically,  thanks  largely  to  the  de¬ 
velopment  of  a  special,  but  simple,  electrode. 

This  special  electrode  (Figure  1)  introduces 
ammonium  chloride  into  the  spark  discharge  from 
jits  tip,  where  the  salt  has  been  placed  in  a 
hole  drilled  in  the  electrode  tip.  These  am¬ 
monium  chloride-packed  electrodes  are  proc¬ 
essed  from  National  Carbon  Company  “spectro¬ 
scopic  carbons”  by  means  of  a  special  cutting 
tool,  which  simultaneously  fashions  a  hemi- 
|f  spherical  tip  and  drills  a  hole  0.156  cm.  (Vi6  inch) 
in  diameter  and  0.234  cm.  (3/32  inch)  in  depth. 

This  cutting  tool  is  chucked  in  a  high-speed 
■  electrode  machine,  which  contributes  ease  and 
speed  to  quantity  production  of  electrodes. 

The  electrode  may  be  prepared  without  the 
services  of  the  special  tool  by  cutting  a  hemi- 
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spherical  tip  with  a  standard  tool,  then  slightly  blunting  the  tip 
with  a  fine  file  and  by  means  of  a  Va-inch  drill,  mounted  in  a 
sleeve,  drilling  the  hole  to  the  desired  depth.  It  is  essential 
that  care  be  observed  in  electrode  fabrication  concerning  the 
position  of  the  periphery  of  the  tip.  The  electrode  tip,  as  out¬ 
lined  by  the  periphery  of  the  drilled  hole,  must  be  at  right  angles 
to  the  side  of  the  electrode;  if  this  condition  is  not  attained  the 
spark  becomes  deflected  and  produces  an  irregular  pattern  on 
the  sample  disk.  This  deflection  invariably  causes  discordant 
results.  However,  a  cutting  tool  with  the  drill  mounted  in  the 
center  of  the  cutting  blades  produces  a  perfectly  formed  electrode, 
requiring  no  further  corrections. 

The  spectrochemical  system  of  analysis  employed  for  the 
production  control  of  the  zinc-base  alloys  has  been  chosen  for 
presentation  here,  rather  than  other  problems  handled  by  this 
method,  because  of  the  unusual  requirements  in  analysis  of  high 
and  low  levels  of  alloy  content  and  the  very  low  level  of  impurities 
allowed.  All  constituents,  alloying  elements,  and  impurity 
elements  are  evaluated  as  a  simultaneous  quantitative  estimation 
on  one  spectrogram. 

The  alloy  under  discussion,  often  referred  to  as  No.  2  Zamak, 
contains  aluminum  3.50  to  4.60%,  copper  2.50  to  3.50%,  mag¬ 
nesium  0.02  to  0.10%,  iron  0.10%  maximum,  cadmium  0.005% 
maximum,  tin  0.005%  maximum,  and  lead  0.007%  maximum. 
The  literature  offers  few  spectrochemical  methods  for  the  analysis 
of  this  type  of  alloy.  Indeed,  for  the  zinc-base  alloys  no  method, 
including  that  of  the  A.S.T.M.,  provides  for  the  quantitative 
determination  of  alloy  constituents  and  the  very  low  concen¬ 
trations  of  allowable  impurity  elements  in  a  single  spectrographic 
operation,  involving  the  spark  technique.  This  is  accomplished 
with  the  flat  disk  technique  utilizing  the  Petrey  spark  stand, 
ammonium  chloride-packed  counterelectrode, 
and  high-voltage  spark  source  with  extra  in¬ 
ductance. 

The  method  employed  in  the  spectrochemical 
analysis  of  zinc-base  alloys  involves  sample  pro¬ 
curement  and  preparation,  electrode  prepara¬ 
tion,  excitation  of  sample  and  registration 
of  spectral  lines,  film  preparation,  densitometry, 
and  calculations. 

SAMPLES  AND  PREPARATION 

Samples  for  analysis  may  be  specimens  of  any 
convenient  size  that  have  sufficient  dimensions 
to  rest  on  the  Petrey  stand.  However,  chill- 
cast  disks  measuring  2.5  inches  in  diameter  and 
0.5  inch  in  thickness  have  been  found  conveni¬ 
ent  to  process  in  the  laboratory.  Figure  2  is  a 
photograph  of  chill-cast  disk  and  packed  elec¬ 
trode.  Die  castings,  parts  of  gates,  sprues, 
and  sawed  slices  from  metal  ingots  have  been 
utilized  as  samples  for  this  type  of  alloy.  Non¬ 
destructive  analyses  are  often  made  on  smooth 
casting  surfaces  with  surprising  accuracy.  How¬ 
ever,  standard  practice  in  this  laboratory  is  to 
impart  a  smooth  surface  to  each  sample  by  means 
of  the  lathe  cutting  tool. 


Figure  1 .  Hollow-Tipped 
Special  Electrode 
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Figure  2.  Chill-Cast  Disk 
and  Packed  Electrode 


Intensity  ratio 


Pb  2833  A.  +  background 
Zn  2760  A.  +  background 


intensity  ratio 


background  at  2833  A. 


intensity  ratio 


Zn  2670  A.  +  background 
Pb  2833  A. 


Zn  2670  A  +  background 


SPARK  EXCITATION  CONDITIONS  AND  FILM  DEVELOPMENT 

The  special,  hollow-tipped  electrode  is  packed  with  the  am¬ 
monium  chloride  salt  by  tamping  it  into  a  dish  of  the  ground 
salt  and  smoothing  flush  with  the  periphery  tip  by  means  of  a 
spatula  or  fine  file.  The  fully  prepared  electrode  is  then  placed 
in  the  lower  clip-holder  of  the  Petrey  stand  and  adjusted  for  a 
3-mm.  gap  by  the  swing-away  gage.  The  smoothly  machined 
disk,  ingot  slice,  or  casting  segment  is  placed  on  the  stand  as  the 
upper  electrode. 

The  A.R.L.-Dietert,  high-voltage  spark  unit  is  set  at  full 
power  (2  kva.),  and  use  is.  made  of  an  additional  inductance 
so  that  1.46  millihenrys  are  available  for  the  system.  Excitation 
is  made  on  an  A.R.L.-Dietert  grating  spectrograph  possessing  a 
dispersion  of  7  A.  per  mm.  Two  30-second  sparking  operations 
are  performed  on  different  parts  of  the  sample  surface.  A  new 
electrode  is  used  for  each  excitation  and  the  two  30-second 
exposures,  without  prespark,  are  superimposed  on  one  spectro¬ 
gram. 

Registration  is  made  on  Eastman  Spectrum  No.  2  film  which 
is  processed  3  minutes  in  D19  developer  at  16°  C.  The  film  is 
taken  through  all  stages  of  processing  under  constant-tempera¬ 
ture  conditions  and  in  rocker-type  developer  trays.  A  new 
electrode  is  employed  for  each  30-second  excitation  to  give 
identical  conditions  of  superimposition,  because  it  was  found 
desirable  to  maintain  maximum  gassing  conditions  over  the  full 
60  seconds  of  sparking.  Prespark  is>  eliminated,  because  of  the 
initial  volatility  of  such  elements  as  cadmium  and  lead. 

The  film  calibration  curve  is  obtained  by  s  arking  a  standard 
iron  sample  for  1  minute,  using  the  step-sector  method.  A  single 
screen  of  200-mesh  wire  cloth  is  placed  before  the  lens  to  lessen 
the  intensity  and  the  high  inductance  unit  is  maintained  in  the 
circuit  with  output  power  dropped  to  4/3  kva.  Transmission 
values  are  selected  from  the  2800  to  3000  A.  region,  and  a  plot  of 
these  data  on  log-log  paper,  using  transmissions  as  ordinates  and 
intensities  as  abscissas,  derives  the  film  calibration  curve. 

DENSITOMETRY  AND  CALCULATIONS 

An  exposure  of  one  minute  for  zinc  alloys  produces  a  back¬ 
ground  which  has  to  be  accounted  for  in  the  calculations  and  the 
accurate  measurement  of  the  difference  between  line  with  under¬ 
lying  background,  and  background  is  utilized  to  measure  the 
extremely  small  percentages  of  tin,  cadmium,  and  lead  en¬ 
countered.  Densitometry,  therefore,  includes  measurement  of 
transmission  values  for  line  plus  background  and  adjacent  back¬ 
ground.  The  internal  standard  method  of  quantitative  analysis 
is  employed  and  all  transmissions  are  referred  to  the  2670  A. 
zinc  internal  standard  fine.  All  films  are  measured  on  two 
A.R.L.-Dietert  comparator  densitometers  which  are  used  inter¬ 
changeably. 

Calculations  are  made  on  calculating  boards,  and  each  element’s 
spectral  line,  with  underlying  background  and  average  adjacent 
background,  is  compared  with  the  internal  zinc  line  plus  back¬ 
ground. 

A  simple  subtraction  of  background  intensity  ratio,  from  line 
plus  background  intensity  ratio,  gives  the  line  intensity  ratio 
corrected  for  background.  No  effort  is  made  to  measure  the 
intensity  of  the  2670  A.  zinc  line  without  background,  since  this 
line’s  background  intensity  becomes  a  constant  in  the  calculation, 
and  can  be  included  with  line  intensity  for  all  ratio  derivations. 
A  schematic  presentation  for  the  2833  A.  lead  fine  is: 


Background  readings,  after  some  experience  and  practice,  an 
made  rapidly  and  the  calculation  of  dual  intensity  ratios  with  s 
simple  subtraction  does  not  materially  burden  this  phase  of  the 
analysis. 

For  the  analysis  of  the  copper-bearing,  zinc-base  alloys  tht 
following  spectrum  element  lines  have  been  found  satisfactory: 


A. 

Zinc  (internal  standard 1 

2670 

Cadmium 

2288 

Lead 

2833 

Magnesium 

2928.7 

Iron 

2967 

Aluminum 

3060 

Tin 

3175 

Copper 

3194 

Figure  3.  Working  Curves  Derived  from  Spectrochemical 
Data  of  Table  II 


Curves  are  valid  (or  quantitative  determination  of  aluminum  and  copper  in 
Nos.  2  and  5  Zamak  and  for  quantitative  determination  of  magnesium,  iron, 
Jlead,  tin,  and  cadmium  in  Nos.  2,  5,  and  3  Zamak 
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Table  I.  Typical  Transmission  Data,  Lot  2142 


Zinc,  Cadmium, 

Lead, 

Magnesium, 

Iron, 

Aluminum, 

Tin, 

Copper, 

2670  A. 

2288  A. 

2833  A. 

2928.7  A. 

2967  A. 

3060  A. 

3175  A. 

2194  A. 

Transmission  of  line  plus  back¬ 
ground  11.4 

Transmission  of  background 

43.5 

56.0 

35.7 

43.0 

22.8 

71  .0 

45.5 

64.0 

43.5 

68.0 

64.3 

70.5 

39.9 

71.0 

Intensity  ratio-line  plus  back¬ 
ground 

Intensity  ratio  of  background 

Intensity  ratio  of  line 

0.280 

0.200 

0.080 

0.350 

0.280 

0.070 

0 . 545 
.  0.130 
0.415 

0.287 

0.160 

0.127 

0.278 

0.142 

0.136 

0.159 

0  133 
0.026 

0.31 

0. 13 
0.180 

Table  II. 

Data  for  Plotting  Working  Curve 

Lot  No. 

Cadmium 

Lead 

Magnesium 

Iron 

Aluminum 

Tin 

Copper 

2142 

Duplicate  intensity  ratios 

0.080 

0.078 

0.070 

0.068 

0.415 

0.393 

0.127 

0.129 

0.136 

0.136 

0.026 

0.026 

0.180 

0.  180 

Av. 

0.079 

0.069 

0.404 

0.128 

0.136 

0.026 

0.180 

Chemical  analysis,  % 

0.00097 

0.0026 

0.071 

0.025 

3.30 

Trace 

0.74 

2200 

Duplicate  intensity  ratios 

0.290 

0.280 

0.237 

0.237 

0.220 

0.233 

0.291 

0.276 

0.181 

0.188 

0.218 

0.210 

0.750 

0.730 

Av. 

0.285 

0.237 

0.226 

0.283 

0.185 

0.214 

0.74 

Chemical  analysis,  % 

0.0094 

0.0157 

0.033 

0.046 

4.13 

0.0103 

3.25 

2201 

Duplicate  intensity  ratios 

0.118 

0.250 

0.248 

0.079 

0.215 

0.085 

0.640 

0.109 

0.245 

0.243 

0.085 

0.222 

0.080 

0.670 

Av. 

0.114 

0.248 

0.246 

0.082 

0.219 

0.083 

0.66 

Chemical  analysis,  % 

0.0019 

0  0172 

0.037 

0.018 

4.70 

0.0022 

2.83 

Table  III.  Comparison  of  Spectrographic  and  Chemical  Analytical  Results,  Lot  2198 


i  Duplicate  intensity  ratio 


i  Spectrographic,  % 
B  Chemical,  % 


Cadmium 

Lead 

Magnesium 

Iron 

Aluminum 

Tin 

Copper 

0.145 

0.150 

Av.  0.148 

0.138 

0.140 

0.139 

0 . 235 
0.233 
0.234 

0.285 

0.300 

0.292 

0.180 

0.181 

0.181 

0.105 

0.100 

0.103 

0.724 

0.735 

0.730 

0.00295 

0 . 00280 

0.00722 

0.00730 

0.034 

0.032 

0.047 

0 . 045 

4.08 

4.13 

0.00312 

0.00297 

3.18 

3 . 25 

COMPARATIVE  ANALYSIS  OF  A  ZINC-BASE  ALLOY  BY  SPECTRO- 
CHEMICAL  AND  CHEMICAL  METHODS 

Three  standard  samples  covering  the  compositional  range  of 
Zamak  No.  2  and  with  sufficient  impurity  variations  were  selected 
to  establish  working  curves  for  the  spectrochemical  analysis  of 
a  fourth  sample  designated  “unknown”.  The  analyses  of  each 
I  of  the  three  standard  samples,  lots  2142,  2200,  and  2201,  are 
listed  in  Table  II,  with  the  duplicate  intensity  ratios  derived 
for  the  respective  element  spectral  lines  by  spark  excitation  of 
the  three  standards  and  one  unknown,  all  in  duplicate.  The 
.  eight  spectrograms  comprising  this  film  were  made  as  in  daily 

[routine  procedure  and  no  undue  precautions  were  exercised  in 
the  execution  of  the  steps  of  the  analysis. 

The  three  standard  samples  and  the  unknown  sample  were 
very  carefully  analyzed  in  duplicate  by  two  or  more  chemists, 
each  of  whom  practiced  precise  and  approved  methods  of  chemical 
analysis,  such  as  those  sponsored  by  the  New  Jersey  Zinc  Com¬ 
pany  research  laboratories.  Large  samples  were  employed 
for  the  analysis  of  low  percentage  impurity  elements  lead,  tin, 
and  cadmium,  and  for  these  elements  more  than  one  method  of 
analysis  was  used. 

Table  I  presents  typical  spectrochemical  data  derived  from  the 
spark  excitation  of  No.  2142,  one  of  the  standard  samples.  Table 
II  lists  the  individual  average  element  intensity  ratios  and  the 
corresponding  chemical  compositions  for  each  standard  sample 
used  in  this  analysis.  The  working  curves  shown  in  Figure  3 
were  derived  from  plotting  the  values  in  Table  II.  An  interesting 
and  gratifying  feature  of  the  working  curves  is  the  accuracy  with 
which-  all  points  fall  on  straight  lines.  Table  III  presents  the 
results  of  the  analysis  on  the  unknown  lot  2198  by  spectrochemical 
and  chemical  methods. 

A  consideration  of  the  average  arithmetical  per  cent  error  in 
determinations  of  the  various  elements  reveals  that  the  major 
constituents,  copper  and  aluminum,  were  measured  well  within 
an  error  of  3%  of  the  amount  present.  The  error  expressed  as 
per  cent  deviation  from  the  chemical  value  of  each  element  is: 
magnesium  6.2%,  cadmium  5.3%,  tin  5.0%,  iron  4.4%,  copper 
2.1%,  aluminum  1.2%,  and  lead  1.0%.  The  6.2%  deviation 
for  magnesium  might  at  first  glance  appear  high  enough  to 
invalidate  the  worth  of  this  determination.  However,  when  the 
figure  6.2%  is  arithmetically  applied  to  the  accepted  value  of 


0.032%  we  obtain  a  difference 
of  0.00198%,  which,  if  equaled 
in  routine  chemical  analyses, 
would  be  considered  satisfac¬ 
tory.  The  accuracy  of  the 
cadmium  evaluation  could,  of 
course,  be  helped  materially 
by  the  use  of  a  calibration 
curve  constructed  from  trans¬ 
mission  results  taken  in  that 
region  of  the  spectrum.  The 
yardstick  phrase  “measuring 
an  element  within  an  error  of 
3  to  5%  of  the  amount  pres¬ 
ent”  loses  some  of  its  com¬ 
parative  signification  when  ap¬ 
plied  to  an  element  such  as 
tin,  which,  in  the  case  under 
consideration,  is  present  in  the 
amount  of  only  0.00297%. 
We  can,  therefore,  accept 
higher  values  than  5%  when 
we  seek  to  evaluate  elements 
present  in  a  concentration  on 
the  order  of  0.003%,  since  in 
the  case  of  the  tin  evalua¬ 
tion  in  this  analysis  5%  of 

-  0.00297%  is  0.000148%,  a 

negligible  quantity  in  routine 
control  analysis.  A  decrease  in 
the  accuracy  of  analysis  at  low  concentrations  is  to  be  expected, 
particularly  at  levels  -where  the  difference  between  line  with  un¬ 
derlying  background  intensity  and  background  intensity  is  small 
compared  to  background. 

ANALYSIS  TIME  REQUIREMENTS 

Sample  procurement  and  sample  preparation  are  in  many 
spectrochemical  methods  great  consumers  of  time.  The  flat 
disk  technique  simplifies  sample  procurement  and,  since  no 
chemical  treatment  is  necessary  in  sample  preparation  (only 
simple  lathe  machining),  very  rapid  treatment  is  possible. 

An  analysis  time  of  5  to  7  minutes  per  element  is  easily  achieved 
for  a  single  sample;  under  normal  routine  conditions  an  analysis 
time  of  2  minutes  per  element  is  achieved  for  a  full  film  of  seven 
unknown  samples  and  one  standard  sample.  Seven  elements, 
of  course,  are  evaluated  for  both  the  full  film  containing  seven 
spectrograms  and  the  film  with  only  one  spectrogram. 

If  one  were  to  double  these  routine  spectrochemical  production 
time  intervals  of  analysis  per  element,  a  comparison  with  time 
requirements  for  the  chemical  analysis  of  certain  elements  would 
still  be  meaningless;  one  cannot  compare  30  minutes  to  12  hours, 
which  are  the  time  requirements  for  determining  cadmium.  The 
30-minute  figure  can  be  used  for  the  spectrochemical  evaluation 
of  cadmium  only  if  all  film  processing  time  is  charged  against 
one  determination;  12  hours  is  a  charitable  time  interval  for  a 
precise  chemical  cadmium  determination  by  approved  methods 
for  the  No.  2  Zamak  alloy. 

Iron,  copper,  and  lead  can  be  rapidly  analyzed  by  chemical 
and  electrolytic  methods.  Aluminum,  magnesium,  cadmium, 
and  tin  are  the  difficult  time-consuming  chemical  determinations. 

When  the  analytical  problem  is  placed  on  a  volume  basis 
wLere  many  samples  are  handled  each  day  for  complete  analyses, 
the  spectrochemical  method,  as  set  forth  in  this  paper,  gains  in 
attractiveness  from  the  time-requirement  standpoint. 

ACCUMULATED  DATA  FROM  LABORATORY  CONTROL  WORK 

It  is  standard  practice  in  this  laboratory  to  assemble  day  to 
day  analytical  data  on  prospective  standards  before  placing  them 
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in  service  in  the  capacity  of  control  standards.  Opportunity  is 
therefore  offered  to  present  data  on  the  lead  content  of  lot  2198, 
a  standard  sample  which  has  been  used  on  numerous  films,  with 
standard  lot  2200,  used  in  the  analysis  described  above.  Some 
21  separate  spectrochemical  values  for  lead  are  presented  which 
are,  in  all  instances,  based  on  the  working  curve  shift  from  day 
to  day  as  dictated  by  the  2200  standard.  Lot  2199  was  ac¬ 
curately  determined  by  chemical  methods  to  contain  0.0107% 
lead.  The  assembled  data  are  given  in  Table  IV. 

In  a  similar  manner  data  are  available  to  show  the  day  by  day 
results  for  aluminum,  the  constituent  present  in  the  alloy  in 
highest  percentage  (Table  V).  Lot  2144  was  placed  on  many 
films  along  with  standard  lot  2200,  not  for  the  purpose  of  re¬ 
liability  checks,  but  rather  for  the  more  accurate  evaluation  of 
aluminum  in  the  lower  copper-bearing  zinc  alloys.  At  certain 
times  it  is  expedient  to  place  both  high  and  low  copper-bearing 
zinc  alloys  on  the  same  film.  The  accurate  and  accepted  chemical 
value  for  No.  2144  is  4.00%  aluminum. 

It  is  significant  that  lot  2200,  which  was  used  as  the  standard, 
contains  3.25%  copper  and  that  lot  2144  contains  1.00%  copper. 
Experimental  and  production  work  has  shown  that  in  the  analysis 
of  zinc  alloys  for  aluminum,  standard  sample  and  unknown 
sample  should  contain  copper  in  similar  amount.  Consequently, 
the  author  never  attempts  to  evaluate  aluminum  in  No.  3  Zamak 
(copper-free)  on  the  basis  of  a  copper-bearing  standard. 


Table  IV.  Determination  of  Lead 


Date  of  Analysis 

Spectrochemical 

Difference  from 
Chemical  Value  of 
0.0107% 

% 

% 

January,  1945 

0.0115 

0.0008 

0.0115 

0.0008 

0.0110 

0 . 0003 

0.0112 

0.0005 

March,  1945 

0.0117 

0.0010 

0.0110 

0.0007 

0.0112 

0.0005 

0.0108 

0.0001 

0.0107 

April,  1945 

0.0096 

0,0011 

0.0107 

May,  1945 

0.0102 

0.0005 

0.0100 

0.0007 

0.0105 

0 . 0002 

0.0105 

0.0002 

June,  1945 

0.0101 

0 . 0006 

0.0105 

0.0002 

0 . 0098 

0 . 0009 

0.0114 

0,0007 

0.0112 

0 . 0005 

0.0098 

0 . 0009 

Average  lead  content,  % 

0.01066 

Average  per  cent  difference,  % 

0.00053 

Deviation  (%  of  quantity  measured) 

5.0 

Standard  deviation,  % 

0.000639 

DEVELOPMENT  OF  AMMONIUM  CHLORIDE-PACKED  ELECTRODE 

The  development  of  the  ammonium  chloride  electrode  resulted 
from  research  on  the  use  and  effect  of  chemical  salts  in  the  spec¬ 
trochemical  analytical  system  involving  the  spark  technique. 
Incentive  for  this  type  of  research  emanated  from  a  desire  to 
gain  increased  sensitivity  and  yet  retain  the  speed  and  accuracy 
of  the  spark  method. 

Initial  efforts  to  analyze  flat  disk  zinc  alloy  samples  using  plain 
hemispherical  tipped  electrodes  indicated  that  long  exposure 
would  be  necessary  to  bring  the  transmission  of  the  2833  A.  lead 
spectral  line  to  a  measurable  level.  When  total  exposure  was 
increased  to  include  three  and  four  30-second  intervals  of  spark 
excitation  superimposed  on  one  spectrogram,  difficulties  arose 
which,  under  the  prevailing  conditions,  were  insurmountable. 
Undesirable  effects  related  to  the  high  volatility  of  zinc  resulted 
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Table  V. 

Determination  of  Aluminum 

Date  of  Analysis 

Spectrochemical 

Difference  from 
Chemical  Value 
of  4.00% 

% 

% 

August,  1944 

4.13 

0.13 

4.05 

0.05 

4.22 

0.22 

November,  1944 

4.03 

0.03 

3.88 

0.12 

4.11 

0.11 

January,  1945 

4.13 

0.13 

4.10 

0.10 

4.12 

0.12 

February,  1945 

4.22 

0.22 

3.92 

0.08 

4.11 

0.11 

4.13 

0.13 

March,  1945 

4.13 

0.13 

4.03 

0.03 

Average  aluminum  content,  %  4.09 

Average  per  cent  difference,  %  0.114 

Deviation  (%  of  amount  measured)  2.85 

Standard  deviation,  %  0.13 


in  erratic  reproducibility  of  spectral-line  intensity  ratios  for  all 
elements.  Backgrounds  became  very  dense  and  in  the  cases  of 
the  low  percentage  elements,  insufficient  difference  resulted 
between  fine  and  background  intensities  to  give  quantitative 
accuracy. 

Ammonium  chloride-packed  electrodes,  used  in  the  first 
experimental  runs  as  they  are  used  in  routine  work  today,  lessened 
background,  increased  contrast  between  line  and  background, 
and  produced  a  high  degree  of  reproducibility. 

The  use  of  chemical  salts  in  spectrochemical  analysis  is  not  new. 
However,  in  so  far  as  the  author  has  been  able  to  discover,  its 
use  in  the  spark  method  is  a  radical  departure.  Hasler  and 
Harvey  ( 1 )  describe  a  method  incorporating  ammonium  chloride 
in  an  arc  analysis  of  zinc  alloy.  A  metal  peg  of  the  zinc  alloy 
is  encased  in  ammonium  chloride  and  contained  in  a  graphite 
sleeve  holder.  This  assembly  becomes  the  lower  electrode  and 
graphite  is  utilized  as  the  upper  electrode.  Four  seconds’ 
arcing  time  is  employed  and,  according  to  the  authors,  a  large 
amount  of  sample  is  energized  in  the  discharge.  A  good  degree 
of  accuracy  and  reproducibility  is  indicated  by  the  published 
results. 

SUMMARY 

A  rapid  and  accurate  spark  spectrochemical  system  incorporat¬ 
ing  the  use  of  the  ammonium  chloride-packed  electrode  and  the 
flat  disk  self-electrode  has  been  developed.  A  commercial  high- 
voltage  spark  source  unit  with  extra  inductance  is  used  for  ex¬ 
citation  of  flat  disk  samples  on  a  Petrey  spark  stand.  A  grating 
spectrograph  is  employed  and  spectral  line  registration  is  made 
on  Eastman  No.  2  film.  Comparator-densitometers  are  used 
for  all  transmission  measurements  and  conversion  to  intensity 
ratios  is  made  on  calculating  boards. 

The  system  provides  for  the  simultaneous  evaluation  of  all 
zinc  alloy  constituents  and  impurities  in  a  quantitative  manner 
on  one  spectrogram.  The  method  is  applicable  to  the  Zamak 
series  of  zinc  alloys  over  the  full  compositional  range  as  well  as 
to  other  types  of  alloys. 

The  method  presented  accurately  measures  the  quantity  of 
lead  in  the  0.002  to  0.015  range,  tin  in  the  0.002  to  0.015  range, 
cadmium  in  the  0.002  to  0.010  range,  magnesium  in  the  0.01  to 
0.10  range,  iron  in  the  0.01  to  0.10  range,  copper  in  the  0.75  to 
3.25  range,  and  aluminum  in  the  3.50  to  4.50%  range. 

Data  presented  in  all  instances  represent  results  obtained  in 
the  routine  execution  of  the  method.  Certain  selective  refine¬ 
ments  of  method  manipulation  could  have  been  practiced  in  the 
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production  of  the  data  cited,  but  the  true  validity  of  the  system 
s  shown  by  results  obtained  under  daily  routine  conditions. 

The  application  of  the  ammonium  chloride-packed  electrode 
11  the  analysis  of  other  types  of  alloys  has  necessarily  had  to 
suffer  in  this  paper.  However,  better  than  70%  of  all  the 
luthor’s  spectrographic  results  are  obtained  by  the  use  of  this 
dectrode,  which  has  controlled  the  production  of  many  thousands 
>f  tons  of  specification  alloys  for  over  two  years. 

The  speed  of  sample  preparation  (nondestructive,  if  necessary), 
simplicity,  and  directness  of  manipulation  combined  with  a  high 
legree  of  analytical  accuracy  are  advantages  of  the  method. 
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Preparation  of  Synthetic  Samples  of  Low-Boiling 

Hydrocarbons 
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he  desisn  and  operation  of  an  apparatus  for  the  blending  of  low- 
roiling  hydrocarbons  are  described.  The  apparatus  is  so  designed 
hat  standard  samples  containing  any  number  of  components  may  be 
rrepared  rapidly,  in  any  size,  and  with  a  degree  of  accuracy  far 
uperior  to  present  methods  of  analysis.  The  apparatus  has  been 
horoughly  tested.  Data  are  presented  for  samples  in  the  butane  and 
rentane  range. 

WITH  the  constantly  increasing  emphasis  placed  upon 
newer  physical  methods  of  hydrocarbon  analysis  ( 2 ) — 
.e.,  infrared  spectroscopy,  mass  spectroscopy,  etc. — a  growing 
leed  has  been  felt  for  synthetic  mixtures  of  low-boiling  hydro- 
:arbons.  Not  only  are  such  mixtures  necessary  as  a  final  test 
lpon  calibration  data  but  periodically  a  check,  sample  must  be 
•un  to  ensure  continued  satisfactory  performance  of  the  instru- 
nent. 

Several  years  ago  the  need  for  such  a  method  became  apparent 
n  these  laboratories.  A  literature  search  revealed  very  little  in 
,he  way  of  blending  units  versatile  enough  to  satisfy  the  varied 
•equirements  of  the  work.  Not  only  were  small  “spot”  samples 
•equired  for  infrared  and  mass  spectrographic  work,  but  large 
samples  occasionally  were  necessary  to  develop  adequately  a 
variety  of  methods,  ranging  from  Matuszak  procedures  and 
oromine  numbers  to  low-temperature  distillation  analyses. 

The  usual  practice  for  obtaining  such  samples  has  taken  either 
if  two  forms.  The  sample  may  be  prepared  upon  a  pressure 
oasis,  putting  each  component  successively  into  a  constant- 
volume  device  and  measuring  the  pressure  increments  added. 
Large  volumes  are  necessary  if  the  sample  is  to  be  of  appreciable 
size  and  the  introduction  of  inert  material,  either  from  a  small 
eak  in  the  system  or  from  the  hydrocarbons  themselves,  may 
ntroduce  serious  error.  Deviations  from  the  gas  law  equation 
may  also  be  appreciable  if  mixtures  containing  components  hav¬ 
ing  a  different  number  of  carbon  atoms  are  blended  or  if  rela- 

Itively  high  pressures  are  used. 

In  the  second  method  the  composition  of  a  mixture  is  obtained 
by  another  method  of  analysis.  The  instrument  or  method 
tested  may  then  be  evaluated  on  the  basis  of  a  study  of  this  so- 
1  called  “secondary  standard”.  The  objections  to  such  an 
Evaluation  are  obvious,  in  that  the  evaluation  of  the  tested 
method  is  limited  to  the  accuracy  of  the  method  used  in  obtaining 
the  sample  composition.  With  the  ready  availability  of  the 
greater  number  of  pure  low-boiling  hydrocarbons  on  the  market 
today,  direct  preparation  of  the  sample  from  pure  materials  is 
the  only  satisfactory  method. 

1  Present  address,  The  University  of  California,  Berkeley,  Calif. 


The  blending  apparatus  described  by  McMillan  (f)  for  the 
testing  of  low-temperature  distillation  procedures  approaches 
most  closely  the  apparatus  developed  in  this  laboratory.  The 
sample  was  prepared  upon  a  pressure  basis,  inert  material  being 
removed  prior  to  preparation  in  the  manner  described  below. 
Although  satisfactory  for  the  purpose  at  hand,  the  blending  unit 
lacked  the  extreme  versatility  required  in  the  present-day  ana¬ 
lytical  laboratory. 

DESCRIPTION  OF  APPARATUS 

A  schematic  drawing  of  the  apparatus  is  shown  in  Figures  1 
and  2. 


G 


Figure  1 .  Schematic  Drawing  of  Apparatus 
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Essentially  the  apparatus  consists  of  the  following: 

A  stainless  steel  bomb  manifold,  B,  equipped  with  eight  brass 
Hoke  valves.  To  each  valve  is  attached  a  brass  compression  fit¬ 
ting  (for  y4-inch  pipe  thread)  similar  to  that  shown  in  Figure  3. 

A  constant-volume  manometer,  G,  complete  with  leveling  bulb. 

A  500-watt  Calrod  heater  with  shield,  E,  so  arranged  as  to  pre¬ 
vent  freezing  of  hydrocarbon  in  the  narrow  neck  of  the  enclosed 
Hoke  valve. 

A  water  bath  surrounding  four  boiling  flasks  of  the  indicated 
sizes.  Each  flask  is  equipped  with  a  mercury  seal  standard-taper 
joint  to  preclude  leakage  during  sample  make-up. 

Three  bomb  types  (Types  59,  65,  80),  described  in  detail  below. 

A  glass  manifold  equipped  with  the  indicated  stopcocks,  “freez- 
ing-out”  bulb,  C,  and  liquid  nitrogen  traps,  D. 

A  vacuum  pump,  7. 

The  apparatus  is  mounted  as  an  integral  unit  on  an  angle-iron 
table  having  a  2.5-cm.  (1-inch)  Transite  top.  The  manifold  sys¬ 
tem  and  the  expansion  flasks  are  rigidly  held  in  place  by  clamps 
leading  from  the  various  supports  which,  in  turn,  are  securely 
bolted  to  the  table  top.  A  grill  consisting  of  iron  rod  (0.5  inch) 
welded  in  4-inch  squares  has  been  found  most  satisfactory  for 
supporting  equipment  above  the  table  top. 

The  apparatus  measures  42  inches  across  the  front  and  is  18 
inches  deep  and  65  inches  high. 

SAMPLE  BOMBS 

A  highly  satisfactory  type  of  small  bomb  has  been  evolved  in 
this  laboratory.  Double-exit  bombs  have  been  found  to  be  much 
superior  to  single-exit  types  on  two  important  counts:  They  are 
more  readily  cleaned  by  flushing  with  the  proper  solvents  and 
dried  by  passage  of  air  current,  and  pressuring  of  samples  is  more 
readily  accomplished. 


7  M  M. 

-6  MM 

13-15  MM. 

8  M  M 

25  MM 


Figure  2.  Liquid  Nitrogen  Trap 


The  Type  80  bomb,  specially  constructed  for  synthesis  of 
hydrocarbon  mixtures,  consists  of  two  brass  Hoke  valves  threaded 
into  a  copper  and  brass  body  and  then  silver-soldered  to  form  a 
gas-tight  junction.  Hoke  valves  with  y4-inch  pipe  thread  ends 
are  used.  The  body  is  made  of  a  5.5-inch  length  of  copper  tubing 
(1.125  inches  in  outside  diameter,  0.065-inch  -wall),  inside  which 
six  vanes  or  fins  are  set  longitudinally  at  60  °  angles  to  each  other. 
To  the  ends  of  this  copper  tube  body  are  silver-soldered  two  brass 
swedge-type  reducers.  The  assembly  of  this  type  of  bomb  is 
shown  in  Figure  3. 

The  inclusion  of  the  vanes  in  the  Type  80  bomb  was  found 
advantageous  in  achieving  sufficient  heat  transfer  during  freezing 
out  of  hydrocarbon  components.  When  an  appreciable  amount 
of  hydrocarbon  has  been  frozen  into  a  bomb  without  such 
vanes,  the  interior  of  the  mass  tends  to  remain  in  a  liquid-solid 
state  for  a  considerable  time  and  the  vapor  pressure  of  this  mix¬ 
ture  is  appreciable.  When  the  fin-type  bomb  is  used,  heat  con¬ 
duction  is  rapid  enough  to  accomplish  complete  freezing  through¬ 
out  the  mass,  resulting  in  an  appreciable  reduction  of  the  vapor 
pressure. 

The  Type  65  bomb  is  identical  in  dimensions  and  construction 
to  the  Type  80,  except  that  the  vanes  are  omitted. 

The  Type  59  bomb  is  composed  of  brass  Hoke  valves  which 
have  been  machined  at  one  end  to  fit  a  4.5-inch  length  of  copper 
tubing  (0.5-inch  outside  diameter,  1/S2-inch  wall)  and  then  silver- 
soldered  in  position  (see  Figure  3).  Considerable  material  can  be 


machined  off  the  body  of  the  valves  to  reduce  materially  the  ne 
weight  of  the  bomb. 

Each  bomb  is  provided  with  two  brass  caps  equipped  with  16 
gage  sheet-lead  liners  which  insure  against  loss  of  sample  durinj 
storage. 

A  special  brass  compression  fitting  is  used  for  connection  to  thi 
y4-inch  pipe  thread  of  the  valve-ends.  Details  of  the  cap  an< 
fitting  are  shown  in  Figure  3. 

Chrome  plating  of  these  bombs  is  advantageous  in  that  wear  oi 
the  threaded  surfaces  and  hence  change  in  weight  of  the  bomb  an 
less.  There  is  also  less  tendency  to  pick  up  stray  mercury  on  thi 
surface  of  the  bomb. 

CALIBRATION 

Prior  to  preparation  of  synthetic  samples,  certain  instrumen 
constants  must  be  obtained — the  relative  volumes  of  all  flasl 
and  manifold  combinations  which  may  conceivably  be  used  ii 
sample  make-up. 

It  has  been  found  convenient  to  assign  a  value  of  unity  to  tha 
volume  occupied  by  the  500-ml.  flask  and  the  apparatus  manifold 
The  manifold  volume,  in  this  case,  includes  all  space  from  th 
reference  mark  of  the  manometer  (explained  below)  to  the  Hok 
valves  of  the  steel  bomb  manifold,  excluding  the  volume  oceupiei 
by  the  sample  bomb,  the  freezing-out  bomb,  and  the  liquii 
nitrogen  traps.  The  relative  volumes  of  all  other  flask  combina 
tions  are  thus  stated  in  multiples  of  this  so-called  “unit  volume” 

All  ratios  are  determined  in  a  similar  manner.  Illustrative  o 
the  procedure  is  the  determination  of  the  ratio  of  the  volume  o 
the  1000-ml.  flask  to  the  unit  volume. 

Procedure.  After  testing  the  apparatus  thoroughly  fo 
leaks,  adjust  the  mercury  columns  in  the  manometer  by  means  o 
the  leveling  bulb  until  the  total  of  the  readings  in  both  arms  is  no 
more  than  950  mm.  and  not  less  than  925  mm.  (This  is  most  im 
portant.  Failure  to  observe  this  precaution  whenever  the  syster 
is  evacuated  may  result  in  forcing  mercury  into  the  glass  manifold. 

With  stopcocks  1,  4,  and  5  open,  stopcocks  3  and  8  by 
passing  the  respective  bombs,  and  stopcock  2  connecting  all  arms 
evacuate  the  system.  After  the  system  is  evacuated,  close  stop 
cock  1  and  adjust  the  mercury  column  in  the  left  arm  of  th 
manometer  to  the  900-mm.  reference  mark.  Record  the  heigh 
of  the  mercury  column  in  the  right  arm  as  the  zero  reading. 

Now  close  stopcock  5  and,  by  means  of  stopcock  2,  connect  th 
bomb  manifold  to  the  system  leading  to  the  manometer,  by-pass 
ing  that  volume  between  stopcocks  1  and  2.  Open  one  of  th 
Hoke  valves  on  the  bomb  manifold  and  allow  atmospheric  pres 
sure  to  enter  the  system.  Close  the  Hoke  valve  and  again  adjus 
the  mercury  column  to  the  reference  mark.  Record  the  readin 
in  the  right  arm  as  sample  reading. 

After  lowering  the  mercury  in  the  manometer  as  previously  ir 
structed,  open  stopcock  5  leading  to  the  evacuated  1000-ml.  flas 
and  allow  the  system  to  come  to  equilibrium.  Measure  the  pres 
sure  in  the  usual  manner  and  record  as  equalized  pressure  readin| 

From  these  data  determine  nooo,  the  ratio  of  the  1000-ml.  flas 
to  the  unit  volume,  as  follows: 

_  sample  reading  —  equalized  pressure  reading  _ 
equalized  pressure  reading  —  zero  reading 

In  a  similar  manner  determine  r20oo  and  r3ooo. 

In  addition  to  these  three  ratios  a  fourth,  km,  must  be  detei 
mined.  This  is  defined  as: 

^  _  volume  of  500-ml.  flask 

'  500  volume  of  apparatus  manifold 

Determine  k5m  directly  in  the  above-described  manner,  in  th 
special  case  using  the  manifold  alone  in  place  of  the  unit  voluro 
and  measuring  the  pressure  drop  when  the  500-ml.  flask  is  turne 
into  the  system.  The  use  of  km,  will  be  apparent  later. 

Calculation  of  R  Values.  Since  it  is  obviously  impossibl 
to  use  any  flask  or  combination  of  flasks  without  employing  th 
use  of  the  manifold  volume,  the  measured  ratios  (riooo,  r2ooo,  r3* 
and  fc5oo)  cannot  be  used  per  se  but  serve  as  data  for  calculatin 
the  ratio  of  any  flask  combination  plus  manifold  to  the  un 
volume. 

These  latter  ratios  are  referred  to  as  R  values.  The  R  value 
once  determined  for  any  given  instrument,  serve  as  a  basis  f( 
computation  with  any  subsequent  sample  prepared  using  th 
apparatus. 

It  is  obvious  from  Equation  2  that  for  a  single  flask,  a, 


lly,  1946 


ANALYTICAL  EDITION 


409 


TYPE  80  BOMB 

Figure  3.  Bomb  Detail 


Ra  = 


Va  +  V. 


=  ra  + 


unit  volume  '  Vm  +  Vmk5m 

Likewise  for  any  combination  of  flasks 

R(a  +  b  +  . .  .X)  =  ra  +  rb  +  .  .  ,rx  + 


=  ra  + 


1 


^500  1 


&500  +  1 


(3) 


(4) 


For  those  flask  combinations  involving  the  use  of  the  500-ml. 
task,  the  following  simplified  relationship  may  be  derived 


R(a  +  500)  = 


V a  ~t~  F500  4~  V„ 
unit  volume 


ra  +  1 


(5) 


Occasionally  it  has  proved  necessary  to  prepare  a  sample  con- 
aining  only  a  trace  of  one  component.  On  these  occasions  it  is 
■lesirable  to  use  the  volume  of  the  manifold  alone.  Consequently, 
?m  must  be  calculated. 


Csoo  +  I  A^500  “ 1 

1  Using  Equations  3  to  6,  calculate  the  ratios  for  all  flask  com- 
nnations  and  for  the  manifold  alone,  tabulating  the  various 
ratios  in  suitable  form. 

I  Volume  of  the  Apparatus.  The  number  of  entries  of  a  given 
•omponent  into  the  apparatus  is  determined  by  the  volume  of  the 
lask  combination  used,  the  sample  size,  and  the  percentage  of 
hat  component  desired  in  the  finished  sample.  At  this  stage,  we 
ire  primarily  interested  in  the  first  of  these  considerations,  the 
volume  of  any  given  flask  combination.  Since  the  R  values 
alculated  above  relate  all  combinations  to  the  unit  volume,  it  is 
lecessary  to  determine  only  the  latter. 

The  volume  is  obtained  by  entering  any  pure  hydrocarbon 
rom  a  small  weighed  copper  bomb  into  the  unit  volume  of  the 
ipparatus.  The  pressure  of  the  gas  is  measured  and  using  the 
oss  in  weight  of  the  small  bomb,  the  approximate  volume  calcu- 
ated.  By  reference  to  the  R  values,  the  volume  of  any  flask 
■omposition  may  readily  be  obtained. 

SAMPLE  PREPARATION 

Preliminary  Calculations.  Assuming  that  the  total  weight 
and  composition  of  the  desired  sample  have  been  established,  it  is 
aow  necessary  to  determine  the  flask  combination  and  the 
'  approximate  pressures  to  be  used  for  each  individual  component. 


As  an  actual  example,  the  calculations  involved  in  the  preparation 
of  a  butane-pentane  sample  are  presented. 

Letting  a  represent  the  mole  fraction  of  component  A  in  the 
finished  sample  and  Vs  the  total  sample  volume  desired  (liquid 
ml.),  it  can  be  calculated  that  the  approximate  gaseous  volume 
(760  mm.  and  27  0  C.)  to  be  added  if  A  is  C4  material  is 

Volume  (C4  material)  =  254  V»a  (7) 

Similarly,  if  A  is  C5  material 

Volume  (C5  material)  =  205  Vsa  (8) 

The  volume  calculated  by  Equation  7  or  8.  is  now  divided  by 
the  capacity  of  the  unit  volume,  obtained  in  the  preceding  calibra¬ 
tion.  The  number  so  obtained  represents  the  number  of  unit 
volumes  wrhich  must  be  introduced  into  the  apparatus  at  760-mm. 
pressure  to  obtain  the  desired  amount  of  component  A. 

At  this  point,  however,  deviation  from  the  ideal  gas  law  must 
be  considered.  It  can  be  calculated  that,  should  C4  and  C6 
materials  be  entered  at  760-mm.  pressure,  the  deviation  of  the 
former  from  ideality  would  amount  to  approximately  3.1%  while 
the  deviation  of  C5  material  would  be  4.6%.  This  is  obviously 
too  high  a  differential  for  accurate  preparation.  Consequently, 
it  has  been  the  practice  in  this  laboratory  to  enter  the  C4  materials 
at  300-mm.  and  the  C&  materials  at  150-mm.  pressure.  Under 
these  conditions  the  successive  entries  of  a  component  may  be 
kept  to  a  reasonable  number  and  the  deviations  from  ideality 
safely  disregarded. 

Multiplication  by  the  appropriate  pressure  factor  yields  values 
which  may  now  be  compared  directly  with  the  R  values  obtained 
in  the  calibration  procedure.  The  flask  combination  having  an  R 
number  or  multiple  thereof  approach  most  closely  the  calculated 
value  is  chosen  as  that  to  be  used  for  the  component  under  con¬ 
sideration.  (These  directions  assume  that  each  entry  will  be 
made  at  300-mm.  for  C4  materials  and  150-mm.  pressure  for  C6 
materials.  If  preparation  to  an  exact  predetermined  percentage 
is  desired,  the  pressure  of  each  entry  must  be  modified  accord¬ 
ingly.  The  conversion  factor  is  simply  the  ratio  of  the  desired 
and  actual  R  values.)  It  is  obviously  desirable  to  keep  the  num¬ 
ber  of  entries  to  a  minimum  and  the  pressure  of  a  single  entry  to  a 
maximum  (not  over  300  mm.  for  C4  materials,  nor  150  mm.  for  C5 
materials). 

The  above  calculations  are  repeated  for  each  component  in  the 
sample. 

Filling  and  Weighing  Copper  Bombs.  If  only  5  to  6  grams 
of  hydrocarbons  are  .required  for  a  single  component,  a  small 
copper  bomb  (Type  59)  may  be  used;  otherwise  it  will  be  neces¬ 
sary  to  use  the  larger  type  (Type  65).  (The  smaller  bomb  may 
be  weighed  with  an  ordinary  analytical  balance  but  the  large 
bombs  require  the  use  of  a  balance  of  high  capacity.  A  series  of 
small  bombs  may  be  used,  however,  if  large  volumes  are  necessary 
and  a  high-capac.ity  balance  is  not  available.) 

Connect  the  copper  bomb  to  a  large  stock  bomb  of  pure  hydro¬ 
carbon,  attach  a  vacuum  pump,  and  evacuate  the  system  to  the 
closed  valve  of  the  stock  bomb.  Close  the  valve  next  to  the 
pump,  disconnect  the  pump,  and  cool  the  copper  bomb  by  pouring 
liquid  nitrogen  over  its  surface  from  one  Dewar  flask  to  another. 
Now  hold  the  stock  bomb  in  an  inverted  position  such  that  when 
its  valve  is  opened  the  liquid  phase  of  the  contained  hydrocarbon 
will  flow  into  the  cooled  bomb.  Open  the  valve  on  the  stock 
bomb  and,  after  a  suitable  interval,  close  the  valve  on  the  small 
bomb.  Tilt  the  system  in  such  a  way  that  excess  liquid  hydro¬ 
carbon  may  drain  from  the  connecting  link  into  the  stock  bomb. 
Close  the  valve  on  the  stock  bomb  and  disconnect.  Hold  the 
small  bomb  in  a  vertical  position  and  vent  approximately  0.5 
gram  of  the  hydrocarbon  from  the  bottom  valve.  (When  a 
liquid-full  bomb  is  warmed  it  becomes  slightly  distorted  in  shape.) 
Allow  the  bomb  to  warm  to  room  temperature.  No  hazard  is  in¬ 
volved,  since  liquid-full  copper  bombs  stretch  without  rupturing 
on  warming  to  room  temperature. 

For  hydrocarbons  normally  liquid  under  atmospheric  condi¬ 
tions,  the  following  technique  is  used. 

Connect  the  evacuated  copper  bomb  to  a  funnel  by  means  of  a 
clean  piece  of  neoprene  tubing.  Support  funnel  and  bomb  in  a 
vertical  position  and  pour  into  the  funnel  the  desired  amount  of 
liquid  hydrocarbon.  Open  the  upper  valve  of  the  bomb  slightly 
and  cool  the  bomb  with  liquid  nitrogen  until  all  hydrocarbon 
passes  into  the  bomb.  Close  the  valve,  disconnect  the  funnel, 
vent  approximately  0.5  gram  of  material,  and  allow  the  bomb  to 
warm  to  room  temperature.  After  washing  with  acetone  and 
drying,  accurately  weigh  each  filled  bomb  on  an  analytical  bal¬ 
ance. 

Testing  the  Apparatus.  Mount  the  weighed  bombs  filled 
with  hydrocarbon  on  the  bomb  manifold,  making  sure  that  the 
neoprene  gaskets  in  the  manifold  connections  are  in  good  condi- 
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Table  I.  Typical  Samples 


Sample  No. 

Component 

Pressure  Basis 
Mole  % 

Weight  Basis 
Mole  % 

1 

2-Methylpropane 

19.89 

19.85 

2-Methylpropene 

9.80 

9.80 

1-Butene 

10.53 

10.52 

2-Butene 

20.21 

20.25 

n-Butane 

39 . 57 

39.58 

2 

2-  M  ethylpropane 

69.86 

69.88 

2-Methvlpropene 

5.03 

5 . 05 

1-Butene 

5 . 00 

4.98 

2-Butene 

5.08 

5.08 

n-Butane 

15.03 

15.01 

3 

2-Methylpropene 

2.22 

2.24 

2-Butene 

11.33 

11.34 

2-Methylbutane 

59.20 

59.21 

1-Pentene 

19.52 

19.49 

n-Pentane 

7.73 

7.72 

A 

2-Methylpropene 

2.41 

2.44 

2-Butene 

11.98 

12.09 

2-IVlethylbutane 

57.12 

57 . 03 

1-Pentene 

.  20.23 

20.23 

n-Pentane 

8.27 

8.22 

5 

2-Methylpropane 

3.26 

.3.21 

1-Butene 

1.71 

1.68 

2-Butene 

2.40 

2.38 

n-Butane 

8.55 

8.48 

3-Methyl-l-butene 

4.16 

4.12 

2-Methylbutane 

57.43 

57.80 

1-Pentene 

16.26 

16.12 

n-Pentane 

4.86 

4.84 

2-Pentene 

0.69 

0.69 

2-Methyl-2-butene 

0.68 

0.69 

tion.  Connect  the  weighed  sample  bomb  (with  a  lead-lined  cap 
on  the  lower  end)  and  the  freezing-out  bomb  to  the  appropriate 
connection.  Fill  the  water  bath  and  regrease  all  stopcocks  which 
turn  with  difficulty  or  appear  streaked.  Adjust  the  mercury 
columns  in  the  manometer  as  previously  described  and  evacuate 
the  entire  system  including  the  sample  bomb,  freezing-out  bomb, 
expansion  flasks,  and  manifold.  Open  the  Hoke  valves  on  the 
manifold  below  the  bombs,  permitting  evacuation  to  the  bombs 
containing  the  hydrocarbons. 

With  the  system  evacuated,  close  off  the  expansion  flasks  by 
means  of  stopcocks  4,  5,  6,  and  7.  Place  the  system  “on  test”  by 
closing  stopcock  1,  and  observe  the  manometer.  Eliminate  any 
leaks  by  isolating  critical  parts  of  the  system. 

When  the  mercury  remains  steady,  turn  stopcock  8  to  connect 
the  sample  bomb  directly  to  the  manometer.  Turn  the  heater 
switch  to  “on”  and  cool  the  sample  bomb  in  liquid  nitrogen. 

If  no  leak  is  apparent  after  the  bomb  has  completely  cooled,  the 
sample  bomb  with  its  connection  is  satisfactory  for  use.  If  a  leak 
is  observed,  remove  the  bomb  a,nd  reconnect  it  to  the  apparatus 
by  means  of  the  other  valve.  If  a  leak  is  still  apparent,  replace 
with  another  weighed  sample  bomb. 

Introduction  of  Hydrocarbons.  Enter  first  that  hydro¬ 
carbon  which  will  be  present  in  the  smallest  amount  in  the  finished 
sample.  The  next  1  irgest  component  is  then  entered,  etc. ;  enter 
last  that  hydrocarbon  present  in  the  greatest  amount  in  the 
finished  sample.  (This  order  of  entry  is  followed  in  the  prepara¬ 
tion  of  samples  containing  C4  ahd  C6  materials.  It  may  prove 
desirable  with  lighter  hydrocarbons  to  enter  the  components  in 
the  reverse  order  of  their  molecular  weight,  thus  keeping  the 
residual  pressure  after  condensation  to  a  minimum.) 

Open  to  the  system  the  expansion  flask  (or  combination  thereof) 
to  be  Used  for  component  A.  Close  all  Hoke  valves  on  the  bomb 
manifold  except  the  one  beneath  the  bomb  containing  component 
A.  Evacuate  the  system  and  record  the  zero  reading  in  the  usual 
manner.  Turn  stopcocks  3  and  8  to  by-pass  the  bombs.  Close 
stopcock  1  and  turn  stopcock  2  to  connect  the  bomb  manifold  to 
the  system  leading  to  the  manometer.  Carefully  open  the  valve 
on  the  bomb  containing  component  A,  allowing  hydrocarbon  to 
vaporize  into  the  system  until  the  appropriate  pressure  is  ob¬ 
tained.  Close  the  valve  on  the  bomb.  Adjust  the  mercury 
column  in  the  left  arm  of  the  manometer  to  the  900-mm.  reference 
mark  and  record  the  sample  reading. 

Withdraw  the  mercury  from  the  manometer  until  the  total 
length  (sum  of  readings  in  both  arms)  does  not  exceed  950  mm. 
Turn  stopcock  8  to  connect  all  arms.  Add  liquid  nitrogen  to  the 
Dewar  flask  surrounding  the  sample  bomb  if  necessary.  After 
the  manometer  indicates  no  further  condensation,  turn  stopcock  8 
to  by-pass  the  sample  bomb. 

The  procedure  to  be  followed  at  this  point  depends  upon  the 
number  of  entries  of  this  component  which  are  to  be  made. 

Case  I.  A  Single  Entry.  Usually  a  small  amount  of  hydro¬ 
carbon  will  not  freeze  into  the  sample  bomb.  The  residual  pres¬ 
sure  is  due  to  phase  equilibria  at  the  surface  of  the  cold  hydro¬ 


carbon  in  the  sample  bomb;  it  must  be  taken  into  consideration 
fyefore  accurate  composition  can  be  calculated  on  a  weight  basis. 

Lower  the  mercury  in  the  manometer  as  usual.  Slowly  raise  a 
half-pint  Dewar  flask  of  liquid  nitrogen  around  the  freezing-out 
bulb,  thereby  condensing  practically  all  residual  hydrocarbon  in 
the  system.  After  condensation  is  complete  as  indicated  by  a 
steady  manometer  reading,  close  off  all  expansion  flasks  in  use 
from  the  system.  Lower  the  liquid  nitrogen  and  replace  it  with  a 
beaker  of  warm  water,  vaporizing  the  hydrocarbon  into  the  small 
glass  manifold.  As  soon  as  the  manometer  indicates  a  pressure 
in  the  manifold  greater  than  the  residual  pressure  of  the  sample 
bomb,  open  stopcock  8  to  all  arms  and  allow  as  much  additional 
hydrocarbon  as  possible  to  freeze  into  the  sample  bomb.  When 
the  manometer  again  indicates  equilibrium,  by-pass  the  sample 
bomb  with  stopcock  8,  open  all  expansion  flasks  previously  used, 
and,  after  adjusting  the  manometer  level  to  the  reference  mark, 
record  the  zero  reading  after  freezing. 

The  small  amount  of  hydrocarbon  which  yet  remains  in  the 
system  must  be  measured,  in  order  that  this  correction  may  be 
applied  to  the  loss  in  weight  of  the  manifold  bomb  containing  com¬ 
ponent  A. 

Slowly  raise  a  small  Dewar  flask  containing  liquid  nitrogen 
around  the  freezing-out  bulb  and  place  a  similar  flask  about  the 
liquid  nitrogen  traps.  Turn  stopcocks  2  and  3  to  connect  all 
arms.  Turn  on  the  vacuum  pump  and  slowly  open  stopcock  1 
All  residual  hydrocarbon  will  be  caught  in  either  the  freezing-out 
bulb  or  the  liquid  nitrogen  traps,  while  any  inert  material  present 
in  the  system  will  be  pumped  out.  It  is  essential  to  remove  all 
traces  of  inert  matter  at  this  point,  as  it  greatly  interferes  with 
the  subsequent  freezing-out  of  the  last  traces  of  hydrocarbon  in 
the  system.  After  the  manometer  indicates  that  evacuation  is 
complete,  close  off  allex  pansion  flasks  in  use  and  close  stopcock  1. 

Turn  stopcock  2  to  by-pass  the  bomb  manifold.  Remove  the 
Dewar  from  around  the  liquid  nitrogen  traps  and  replace  with  a 
beaker  of  warm  water.  After  all  hydrocarbon  has  vaporized 
from  the  traps  and  condensed  into  the  freezing-out  bulb,  turn 
stopcock  2  to  connect  the  bomb  manifold  and  the  liquid  nitrogen 
traps,  thereby  isolating  all  hydrocarbon  in  the  small  glass  mani¬ 
fold  leading  to  the  manometer.  (Because  of  vacuum  inside  the 
traps,  heat  is  transferred  slowly  to  the  inner  tubes  containing  the 
hydrocarbon.  Be  certain  all  material  has  vaporized  from  these 
tubes  before  turning  stopcock  2.) 

Remove  the  liquid  nitrogen  from  around  the  freezing-out  bulb 
and  place  it  around  the  freezing-out  bomb,  covering  only  about 
an  inch  of  the  bomb  above  the  lower  valve.  Place  a  beaker  of 
warm  water  around  the  freezing-out  bulb  to  vaporize  hydrocarbon 
from  the  bulb  to  the  bomb.  When  the  transfer  is  complete,  close 

the  upper  bomb  valve  and, 


after  by-passing  the  bomb 
with  stopcock  3,  disconnect  it. 
Warm  the  bomb  to  room 
temperature  under  tap  water, 
wash  both  its  surface  and 
ends  with  acetone,  and  re¬ 
move  any  residual  acetone  in 
the  ends  with  a  vacuum 
pump.  Wipe  with  a  clean 
cloth  and  weigh.  Evacuate 
the  contents  with  a  vacuum 
pump  and  reweigh. 

Case  II.  More  Than  Oru 
Entry.  Immediately  after 
by-passing  stopcock  8,  adjust 
the  mercury  level  to  the  refer¬ 
ence  mark,  and  record  the 
zero  reading  after  freezing. 

Treat  all  subsequent  entries 
except  the  last  one  exactly 
like  the  first  entry,  record¬ 
ing  only  the  sample  read¬ 
ing  and  zero  reading  after 
freezing  for  each  entry. 
The  residual  pressure  after 
condensation  is  not  pumped 
out  between  successive  entries 
of  a  single  component. 
Make  all  corrections  upon 
the  last  entry.  Treat  the  last 
entry  exactly  as  described  in 
Case  I. 

Repeat  the  above  pro¬ 
cedure  for  each  compo¬ 
nent  comprising  the  sam¬ 
ple,  evacuating  the  system 
between  the  entries  with  the 
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mple  bomb  cut  off  from  the  system  by  means  of  stopcock  8. 
'ter  the  last  component  has  entered  the  sample  bomb,  close  the 
live  on  the  latter,  remove  the  liquid  nitrogen  surrounding  it, 
jid  disconnect  it  from  the  apparatus.  Warm  to  room  tempera- 
re  with  tap  water,  wash  with  acetone  in  the  usual  manner,  and 
;igh. 

Calculation  of  Sample  Composition.  Pressure  Basis.  The 
fessure,  p\,  of  a  single  entry  of  component  A  with  respect  to  a 
ven  combination  of  expansion  flasks  is  obtained  by 

pi  =  sample  reading  —  zero  reading  after  freezing  (9) 

The  total  partial  pressure,  p„,  of  component  A  with  respect  to 
,at  flask  combination  is  simply  the  sum  of  the  pressures  of  the 
dividual  entries  of  that  component. 

pa  =  Pi  +  Pi  +  •  ■  +  P»  (10) 

The  total  partial  pressure,  Pa,  with  respect  to  the  unit  volume 
calculated  as 

Pa  =  PaP  a  (H) 

iere  Ra  is  that  ratio  listed  in  the  table  of  ratios  for  the  combina- 
>n  of  flasks  used  for  this  component. 

The  mole  percentage,  Ca,  of  component  A  in  the  finished  sample 
then : 


_ 100  Pa _ 

°  Pa  +  Pb  +  Pc  •  •  •  +  m 


(12) 


here  Pb,  Pc,  etc.,  are  similarly  calculated  partial  pressures  of 
imponent-s  B,  C,  etc. 

Weight  Basis.  The  total  weight  of  an  individual  component 
leased  into  the  system  is  equal  to  the  loss  in  weight  of  the  copper 
i>mb  containing  that  component  before  and  after  sample  prepa- 
,tion.  The  weight  actually  present  in  the  sample,  however, 
the  above  value  minus  that  found  in  the  freezing-out  bomb 
ter  removal  of  the  residual  hydrocarbon  in  the  system. 

Using  the  combined  weight  data,  the  mole  percentage  compo- 
tion  is  calculated  in  the  usual  manner. 

TYPICAL  SAMPLES 

Table  I  illustrates  the  accuracy  with  which  samples  (50  liquid 
I.)  in  the  butane  and  pentane  range  may  be  prepared.  All 
itanes  and  butenes,  as  well  as  the  w-pentane,  isopentane,  and  1- 
jntene,  were  research  grade  material  purchased  from  Phillips 
etroleum  Company. 


COMMENTS 

On  the  basis  of  the  experience  of  this  laboratory,  it  is  estimated 
that  a  50-liquid  ml.  sample  containing  six  components  can  be 
prepared,  obtaining  both  weight  and  pressure  data,  in  8  man¬ 
hours.  Although  this  appears  to  be  a  considerable  period,  it  must 
be  remembered  that  a  50-ml.  volume  permits  analysis  of  more 
than  fifty  infrared  or  mass  spectrograph  samples.  Assuming  that 
one  check  a  day  is  made  on  these  instruments,  a  single  prepara¬ 
tion  would  last  approximately  two  months. 

The  time  of  preparation  of  large  samples  is  greatly  reduced  if 
only  pressure  data  are  obtained.  Approximately  4  man-hours 
are  required  to  prepare  a  sample  of  any  composition  since,  under 
these  circumstances,  weighings  are  unnecessary  and  the  time 
necessary  to  freeze  out  the  residual  hydrocarbon  of  each  com¬ 
ponent  is  saved. 

The  usual  practice  in  this  laboratory,  when  introducing  an 
operator  to  these  techniques,  is  to  require  him  to  prepare  about 
four  samples  obtaining  data  which  permit  calculation  of  the  com¬ 
position  on  both  a  weight  and  pressure  basis.  At  the  end  of  this 
period  enough  experience  has  been  acquired  to  obtain  accurate 
results  on  a  pressure  basis  alone. 

Occasionally  a  “spot”  sample  of  definite  composition  is  required 
in  conjunction  with  the  infrared  work.  A  small  six-component 
mixture  may  be  blended  rapidly  (less  than  30  minutes),  substitut¬ 
ing  the  glass  sample  container  shown  in  Figure  4  for  the  sample 
bomb.  These  samples  are  prepared  on  a  pressure  basis,  using  the 
glass  manifold  and  the  glass  sample  container  (minus  the  cold 
finger)  as  the  gas  volume.  Each  component  is  frozen  successively 
into  the  cold  finger  and  any  inert  material  removed  with  the 
pump  exactly  as  described  above. 

Although  the  apparatus  has  been  used  only  in  conjunction 
with  hydrocarbons,  it  is  obviously  applicable  to  the  preparation  of 
any  sample  whose  components  are  liquefiable  with  liquid  nitrogen. 
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Method  (or  Calcium-Sequestering  Value  or 
Phosphate  Water  Conditioners 

B.  C  HAFFORD,  FRED  LEONARD1,  and  R.  W.  CUMMINS,  Westvaco  Chlorine  Products  Corporation,  Carteret,  N.  J. 


COMPARATIVELY  recently  molecularly  dehydrated  sodium 
^  phosphates  have  received  considerable  attention  in  the  fields 
i  water  conditioning  and  detergency  because  of  their  ability  to 
iquester  calcium,  magnesium,  and  other  metal  ions  in  soluble 
»rm  such  that  these  ions  are  not  precipitated  by  fatty  acid  and 
ther  radicals.  Since  the  use  of  these  phosphate  water  eondi- 
oners  depends  primarily  upon  this  ability,  it  is  becoming  in- 
reasingly  important  to  have  available  a  precise  analytical 
lethod  for  its  determination. 

I  A  number  of  investigators  have  studied  the  calcium-sequester- 
lg  properties  of  polyphosphates,  but  few  data  are  available 
rhich  may  be  used  to  ascertain  the  true  worth  of  the  analytical 
lethods  employed. 

Huber  (3)  and  Watzel  (6)  used  a  “residual  hardness  method” 
i  which  the  polyphosphate  is  added  to  water  of  known  calcium 
ontent  and  the  excess  calcium  determined  by  titration  with 
tandard  soap  solution.  Andress  and  Wiist  (1)  preferred  to  ti- 
rate  directly  with  standard  calcium  chloride  solution,  the  end 
>oint  being  marked  by  the  appearance  of  a  white  turbidity. 

II  1  Present  address,  Polytechnic  Institute  of  Brooklyn,  Brooklyn,  N.  Y. 


They  titrated  0.4-gram  samples  at  pH  10.0  to  10.5  to  a  definite 
turbidity  as  measured  with  a  Zeiss-Pulfrich  photometer  and 
pointed  out  that  the  calcium  values  so  obtained  decrease  with  in¬ 
creasing  concentration  and  temperature,  but  increase  with  in¬ 
creasing  pH.  Chwala  and  Martina  ( 2 )  also  titrated  directly 
with  calcium  chloride,  confirming  the  effect  of  pH  in  a  general 
way,  and  pointing  out  that  sharper  end  points  are  obtained  at 
higher  temperatures. 

Rudy,  Schloesser,  and  Watzel  (5)  noted  that  in  the  direct  ti¬ 
tration  method  the  pH  of  the  polyphosphate  solution  is  progres¬ 
sively  lowered  by  calcium  chloride  addition  and  attempted  to 
eliminate  this  factor  by  keeping  the  pH  fairly  constant  by  adding 
sodium  hydroxide  from  time  to  time  during  the  titration.  They 
also  measured  the  calcium  sequestering  power  of  polyphosphates 
in  the  presence  of  precipitating  anions  such  as  oxalate  and  fatty 
acid  radicals. 

The  present  paper  offers  a  tested  procedure  for  determining 
“calcium  value”  and  presents  data  showing  the  effects  of  some  of 
the  more  important  variables.  In  the  past,  this  property  has 
been  expressed  in  terms  of  grams  of  calcium  sequestered  by  1 
gram  of  sample.  It  is  now  proposed  that  calcium  value  be  ex¬ 
pressed  as  grams  of  calcium  per  100  grams  of  sample — that  is, 
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A  photometric  titration  method  for  precisely  determining  the  ability 
of  a  molecularly  dehydrated  sodium  phosphate  to  sequester  calcium 
is  described,  and  it  is  proposed  that  results  be  expressed  as  grams  of 
calcium  sequestered  per  100  grams  of  sample.  The  effect  of  pH 
on  results  is  marked  and  varies  with  the  type  of  sample  analyzed. 
Ability  to  sequester  calcium  increases  with  decreasing  concentra¬ 
tion,  but  this  is  not  marked  enough  to  affect  results  using  the  recom¬ 
mended  sample  size.  The  influence  of  variables  suggests  that  the 
procedure  be  rigidly  standardized  and  that  departures  from  the 
standard  conditions  be  indicated  in  presenting  results.  The  method 
has  a  limit  of  uncertainty  of  ±0.4  for  sodium  tripolyphosphate  hav¬ 
ing  an  average  "calcium  value"  of  10.4.  Duplication  of  results  is 
usually  excellent. 


the  per  cent  calcium  sequestered  by  the  material  on  the  basis 
of  the  original  sample.  Thus,  a  calcium  value  formerly 
written  as  0.127  becomes  12.7  (grams  of  calcium  per  100  grams  of 
sample),  providing  a  simpler  and  more  readable  number-  and 
affording  a  better  basis  for  comparing  different  values. 

REAGENTS  AND  APPARATUS 

The  only  reagents  required  are  approximately  0.1  N  sodium 
hydroxide  and  standard  calcium  chloride  solutions.  The  sodium 
hydroxide  solution  is  prepared  carbonate-free  without  the  addi¬ 
tion  of  barium  hydroxide;  this  is  conveniently  done  by  diluting 
a  clarified  50%  solution  of  analytical  grade  sodium  hydroxide  with 
boiled  distilled  water.  The  standard  calcium  chloride  solution  is 
prepared  by  dissolving  7.00  grams  of  pure  calcium  chloride  (Bak¬ 
er’s  c.p.  anhydrous,  lump,  for  reagent  use)  in  1  liter  of  distilled 
water  to  give  a  neutral  solution  containing  about  0.25  gram  of 
calcium  per  100  ml.  The  calcium  chloride  solution  is  conveni¬ 
ently  standardized  by  the  well-known  precipitation,  of  calcium 
oxalate  and  subsequent  titration  with  potassium  permanganate. 
However,  use  of  the  specified  grade  of  calcium  chloride  permits 
standardization  by  simply  titrating  the  chloride  present:  Dupli¬ 
cate  25-ml.  aliquots  are  titrated  in  the  presence  of  1  ml.  of  5% 
aqueous  potassium  chromate  to  a  salmon  end  point  with  standard 
0.1  N  silver  nitrate.  Two  solutions  analyzing  0.252  and  0.236 
gram  of  calcium  per  100  ml.  by  the  oxalate-permanganate  method 
gave  values  of  0.251  and  0.236,  respectively,  by  the  silver  nitrate 
titration  method. 

A  filter  photometer  employing  a  40  X  40  X  60  mm.  optical 
cell  is  used  to  locate  the  end  point  of  the  calcium  chloride  titra¬ 
tion.  An  Eimer  ana  Amend  photoelectric  colorimeter,  consist¬ 
ing  of  a  pair  of  electrically  opposed  barrier  layer  type  photocells 
whose  balance  is  ascertained  by  means  of  a  Wheatstone  bridge, 
was  used  in  the  present  work.  This  particular  instrument  is  no 
longer  on  the  market,  but  any  fairly  stable  spectro-or  filter  photom¬ 
eter  measuring  light  transmittance  through  a  cell  of  approxi¬ 
mately  the  indicated  dimensions  should  be  equally  satisfactory, 
provided  there  is  enough  space  available  to  position  a  stirrer  and 
titrating  buret  over  the  cell.  Also  necessary  is  a  glass  electrode 
pH  meter  to  adjust  the  pH  of  the  sample  solution  before  titration. 
The  Beckman  pH  meter,  Laboratory  Model  G,  was  used  through¬ 
out  the  present  work.  The  assembly  of  apparatus  is  completed 
by  a  motor-driven  stirrer  consisting  simply  of  a  15-cm.  length  of 
6-mm.  Pyrex  glass  rod  slightly  flattened  at  the  lower  end,  a  50- 
ml.  buret  with  offset  delivery  tube,  and  a  square  yard  of  light 
weight  black  cloth. 

PROCEDURE 

Dissolve  a  4.000-gram  sample  and  dilute  to  exactly  250  ml. 
with  distilled  water.  After  thorough  mixing,  if  the  solution  is 
turbid,  allow  the  insoluble  matter  to  settle  out  or  filter  through  a 
dry  No.  42  Whatman  paper  into  a  dry  vessel.  Pipet  25  ml.  of 
the  clear  solution  into  the  40  X  40  X  60  mm.  optical  cell,  dilute 
to  about  45  ml.,  and  adjust  the  pH  to  10.0  by  dropwise  addition 
of  0.1  N  sodium  hydroxide,  using  the  pH  meter  and  ordinary 
glass  electrode  and  omitting  the  correction  for  sodium-ion  con¬ 
centration.  After  rinsing  the  electrode  assembly  into  the  optical 
cell,  dilute  the  solution  to  about  55  ml.,  conveniently  determined 
by  previously  calibrating  the  cell.  Place  the  optical  cell  in  the 
photoelectric  colorimeter  and  insert  the  glass  stirrer  in  the  right- 
hand  corner  of  the  cell  nearest  the  light  source.  Place  the  titrat¬ 


ing  buret  in  position  and  completely  hood  the  optical  cell  and  at 
jacent  sections  of  the  apparatus  with  the  black  cloth.  Adju: 
the  colorimeter  to  read  100%  transmittance  with  the  stirrer  oi 
using  Wratten  filter  H  No.  45  in  the  Eimer  and  Amend  instn 
ment,  or  any  available  deep  blue  filter  in  a  similar  instrument. 

Titrate  with  the  standard  calcium  chloride  solution  until 
sharp  decrease  in  transmittance  is  obtained,  taking  at  least  thn 
readings  at  0.5-ml.  intervals  after  the  end  point.  For  samplf 
having  calcium  values  of  9.0  or  higher,  it  is  advantageous  to  ad 
about  14  ml.  of  titrant  before  making  a  reading.  Readings  at : 
ml.  intervals  should  then  be  taken  until  the  end  point  is  reachei 
when  the  intervals  should  be  cut  to  0.5  ml. 

The  calcium  value  of  the  sample,  expressed  as  grams  of  calciui 
sequestered  by  100  grams  of  sample,  is  obtained  by  plotting  tl 
observed  transmittance  readings  against  the  corresponding  mill 
liters  of  titrant  added  and  drawing  the  best  straight  lines  throug 
the  points  before  and  after  the  break.  The  intersection  of  the; 
lines  gives  the  milliliters  of  calcium  chloride  required  by  the  fo 
lowing  calculation: 

Calcium  value  =  (ml.  of  CaCL)  (grams  of  Ca/100  ml.)  (2.; 

Often  during  a,  titration  small  changes  in  transmittance  will  o 
cur  due  to  fluctuations  in  line  voltage,  etc.  If  such  a  change 
followed  by  essentially  constant  readings,  it  should  be  attribute 
to  a  change  in  the  100%  transmittance  setting  and  the  prior  rea( 
ings  disregarded  in  drawing  the  straight  line  through  the  plotte 
data. 

EXPERIMENTAL  WORK 

Development  of  Method.  The  direct  titration  with  stane 
ard  calcium  chloride  was  chosen  as  representing  the  simplest  an 
most  r'apid  method  for  determining  calcium  value.  Before  tt 
procedure  described  above  had  been  developed,  and  following  tl 
general  technique  of  previous  investigators,  0.4-gram  polypho 
phate  samples  dissolved  in  25  ml.  of  distilled  water  and  adjust* 
to  pH  10.1  to  10.3  were  titrated  with  0.06  M  calcium  chloride  1 
the  first  appearance  of  a  turbidity.  The  end  point  was  observe 
visually,  a  flashlight  beam  being  directed  through  the  titratio 
cell  to  increase  sensitivity.  Rather  extensive  testing  of  the  pri 
cision  of  this  procedure,  using  different  analysts,  indicated  tht 
while  fair  duplication  of  results  was  usually  obtained  at  any  give 
time,  visual  location  of  the  end  point  is  unreliable  because  < 
inability  of  the  analyst  to  duplicate  his  previous  day’s  value 
The  situation  is  also  complicated  by  the  occasional  appearam 
of  a  slight  turbidity  before  the  true  end  point  and  by  the  van 
ing  behavior  of  different  types  of  samples.  Accordingly,  it  w: 
considered  advisable  to  locate  the  end  point  photometrically  if 
precise  method  were  to  be  developed. 


Figure  1.  Effect  of  Initial  pH  on  Calcium  Values  of  Variou 
Polyphosphates 
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‘hotometric  titrations  on  different  samples  were  carried  out 
dissolving  0.4  gram  of  sample  in  50  ml.  of  distilled  water  and 
usting  the  pH  to  10.0.  This  solution  was  placed  in  the  40  X 
X  60  mm.  optical  cell  in  the  path  of  the  light  beam  in  the  Eimer 
l  Amend  colorimeter.  A  motor-driven  stirrer,  consisting  of  a 
light  glass  rod  flattened  at  the  lower  end,  was  inserted  in  the 
ition,  and  the  light  transmittance  adjusted  to  read  100%. 
ndard  calcium  chloride  solution  was  then  added,  the  transmit- 
ce  being  determined  at  intervals  during  titration. 

fhe  results  obtained  made  it  clear  that  in  the  majority  of  cases 
transmittance  remains  at  or  near  100%  until  the  end  point  is 
ched  and  then  decreases  linearly  with  added  titrant.  This 
dries  the  analyst  to  draw  straight  lines  through  the  plotted 
nts  after  the  break  as  well  as  through  those  before  the  break, 

1  to  take  their  intersection  as  the  end  point.  This  procedure 
uld  appear  to  be  more  valid  than  titrating  to  a  definite  measur- 
e  turbidity,  which  is  obviously  beyond  the  true  end  point, 
-thermore,  the  straight  lines  drawn  through  the  plotted  points 
3r  the  break  have  been  found  to  have  differing  slopes,  indicat- 
that  titrating  to  any  given  turbidity  would  give  values  vary- 
by  different  amounts  from  the  true  end  point, 
rhe  choice  of  light  filter  to  use  in  the  colorimeter  should  not  af- 
:  the  determination  greatly,  since  the  colorimeter  is  used  only 
find  the  end  point.  However,  a  number  of  Wratten  gelatin 
ers  were  tested,  and  filters  H  No.  45  and  C5  No.  47,  both 
nsmitting  deep  blue  fight,  were  found  to  give  the  greatest 
inge  in  transmittance  for  a  given  unit  of  turbidity.  Filter  H 
.  45  was  arbitrarily  chosen  for  the  present  method.  LTse  of  a 
■p  blue  filter  has  the  advantage  that  in  the  graphical  calcula- 
i  involved,  the  intersecting  fines  are  more  nearly  at  right  angles 
n  if  a  less  sensitive  filter  were  used. 

t  was  thought  that  the  position  of  the  glass  stirrer  in  the  opti- 
cell  might  have  some  effect  on  the  results  obtained,  since  the 
•rer  must  be  placed  at  least  partially  in  the  fight  beam  because 
the  dimensions  involved.  A  few  tests  indicated  that  small 
mges  in  position  do  not  affect  the  relativity  of  the  transmit- 
ice  readings,  and  if  the  stirrer  is  left  in  the  same  position  during 
letermination,  no  interference  is  encountered.  It  was  dis- 
rered,  however,  that  extraneous  light  might  cause  considerable 
or,  especially  when  light  conditions  are  changing.  To  nullify 


this  effect  the  optical  cell  and  adjacent  portions  of  the  apparatus 
were  shrouded  with  black  cloth. 

The  effects  of  titration  time  and  time  lapse  between  calcium 
chloride  addition  and  transmittance  measurement  were  also 
tested.  In  the  one  case,  varying  the  time  required  to  complete 
the  titration  from  2  to  8  minutes  gave  four  calcium  values  of 
11.0  for  a  sample  of  sodium  tripolyphosphate.  In  the  other, 
varying  the  time  interval  between  calcium  chloride  addition  and 
transmittance  measurement  from  10  to  60  seconds  gave  values 
having  a  total  calcium  value  range  of  0.2.  Small  changes  in 
temperature  were  also  found  to  be  relatively  unimportant.  A 
series  of  titrations  in  which  the  initial  temperature  varied  from 
20"  to  30°  C.  gave  calcium  values  ranging  from  11.1  to  10.9  for 
the  above  sample  of  sodium  tripolyphosphate. 

Effect  of  pH.  The  previously  cited  work  of  other  investiga¬ 
tors  and  early  unpublished  data  obtained  in  this  laboratory  by  the 
visual  end  point  calcium  value  titration  method  had  definitely 
shown  that  pH  is  an  important  variable  in  the  determination  of 
calcium  value. 

In  order  to  determine  the  effect  of  pH  on  the  present  method, 
the  calcium  values  of  various  types  of  polyphosphates  were  de¬ 
termined  after  adjustment  of  the  sample  solutions  to  different  pH 
levels.  Also,  since  pH  had  been  found  to  decrease  during  a  titra¬ 
tion  with  calcium  chloride,  the  end  point  pH  values  were  deter¬ 
mined  on  separate  aliquots  to  which  the  amount  of  titrant  re¬ 
quired  to  reach  the  end  point  had  b'een  added.  Three  samples  of 
commercial  sodium  tripolyphosphate,  two  samples  of  commercial 
sodium  “tetraphosphate”,  one  sample  of  commercial  anhydrous 
tetrasodium  pyrophosphate,  and  one  sample  of  glassy  sodium 
metaphosphate  were  tested  as  being  representative  of  the  types 
of  material  employed  in  water  conditioning.  The  metaphosphate 
was  prepared  by  fusing  about  25-gram  lots  of  c.p.  monosodium 
orthophosphate  in  a  platinum  crucible  at  700°  to  800  C.  for  one 
hour  and  quenching  the  hot  crucible  in  ice  water  after  rotating  to 
obtain  a  thin  film  of  melt  on  its  inside  surface.  The  results  ob¬ 
tained  are  shown  in  Table  I,  and  the  initial  pH  values  are  plotted 
against  calcium  value  in  Figure  1.  Uncorrected  pH  values  ob¬ 
tained  with  a  glass  electrode  are  used  throughout. 

Inspection  of  Figure  1  reveals  that  determined  calcium  value  is 
affected  by  the  pH  to  which  the  sample  solution  is  initially  ad¬ 
justed  in  a  marked  and  variable  manner.  For  sodium  tripoly¬ 
phosphate,  the  calcium  value  appears  to  be  fairly  constant  up  to  a 
pH  of  10.5  to  11.5,  in  which  range  a 
reasonably  sharp  increase  in  calcium 
value  occurs.  The  break  does  not  seem 
to  be  limited  to  a  very  narrow  pH  range. 
The  sodium  “tetraphosphate”  samples 
both  show  remarkable  increases  in  cal¬ 
cium  value  at  rather  different  pH  levels. 
The  calcium  values  of  the  tetrasodium 
pyrophosphate  and  glassy  metaphos¬ 
phate  samples  are  more  constant,  the 
latter  showing  a  fairly  slow  increase  with 
increasing  pH. 

These  findings  indicate  that  for  sodium 
tripolyphosphate,  at  least,  the  proce¬ 
dure  of  adjusting  to  pH  10.0  gives  cal¬ 
cium  values  in  a  pH  region  where  pH 
has  little  effect.  The  flat  portions  of 
the  calcium  value-pH  curves  for  tri¬ 
polyphosphate  are  not  in  agreement 
with  results  obtained  by  titrating  to 
the  first  visual  appearance  of  a  turbidity, 
or  by  titrating  to  a  given  instrumental 
turbidity.  The  latter  procedures  usually 
give  a  steady  increase  in  calcium  value 
with  increasing  pH,  and  the  present  flat 
curves  are  probably  the  result  of  the 
improved  method  of  locating  the  end 
point.  The  variability  of  the  calcium 
value-pH  data  shown  illustrates  that  use 
of  the  initial  pH  value  of  10.0  is  more  or 


Table  1. 

Effect  of  pH  on  Calcium 

Values  of  Various  Polyphosphates 

Calcium 

Sample 

Value 

Initial 

Final 

Sample 

Value 

Initial 

Final 

ium  tripolyphos- 

9.7 

9.21 

8.30 

Sodium  “tetra- 

10.3 

8.99 

8. 

00 

hate,  sample  A 

9.7 

10  00 

9.40 

phosphate”, 

16.2 

10.02 

8. 

45 

9.8 

10.30 

9  80 

sample  E 

16.5 

10.25 

8 

bo 

9.7 

10.58 

10.22 

16.7 

10.50 

9 

15 

9.8 

10.79 

10.55 

16.7 

10.75 

9 

90 

9.7 

11.00 

10.80 

16.7 

11.00 

10. 

41 

11.2 

11.25 

11.01 

16.5 

11.50 

11 

35 

10.9 

11.50 

11.32 

18.0 

12.00 

11 

99 

11.1 

11.77 

11.60 

lium  tripolyphos- 

10.2 

9.28 

8.40 

Sodium  “tetra- 

9.8 

7.51 

6 

39 

•hate,  sample  B 

10.3 

10.00 

9.50 

phosphate", 

9.0 

9.01 

8 

42 

10.3 

10.36 

10.00 

sample  F 

11.7 

10  00 

9 

25 

10.0 

10.64 

10.42 

11.6 

10.29 

9 

55 

10.3 

10.79 

10.60 

12.5 

10 . 56 

9 

78 

11.1 

11.10 

10.90 

16.6 

10.75 

9 

20 

12.0 

11.30 

11.11 

18.9 

11.02 

9 

81 

12.7 

11.50 

11.35 

18.9 

11.31 

10 

92 

12.4 

11.78 

11.62 

19.6 

11.75 

11 

58 

tium  tripolyphos- 

10.9 

9.70 

8.81 

Sodium  meta- 

14.3 

5.68 

4 

25 

•hate,  sample  C 

10.8 

10.05 

9.22 

phosphate 

14.4 

9  02 

7 

25 

10.9 

10.30 

9.87 

glass,  sample  G 

14.5 

10.09 

7 

80 

10.9 

10.53 

10.19 

14.8 

10.32 

7 

92 

11.6 

10.78 

10.49 

15.0 

10.50 

8 

21 

11.6 

11.01 

10.70 

15.0 

10.79 

8 

30 

11.7 

11.28 

11.05 

15.4 

11.02 

9 

35 

11.7 

11.50 

11.22 

16.0 

11.29 

9 

.50 

16.7 

11.50 

9 

.  50 

l.rasodium  pyro- 

4.9 

10.30 

10.19 

>hosphate,  sam- 

4.7 

10.50 

10.39 

.le  D 

4.9 

10.80 

10.71 

4.9 

11.19 

11.11 

4.9 

11.30 

11.22 

4.9 

11.50 

11.45 

4.7 

11.75 

11.71 

4.4 

12.00 

11.99 
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less  arbitrary,  and  that  no  given  initial  pH  will  result  in  calcium 
values  adequately  comparing  various  types  of  polyphosphates. 
The  calcium  value  of  a  given  polyphosphate  obviously  has  little 
meaning  unless  accompanied  by  a  statement  of  the  pH  at  which 
it  was  determined.  In  cases  where  the  calcium  value-pH  be¬ 
havior  is  unknown,  maximum  information  is  gleaned  only  from  a 
calcium  value-pH  curve  of  the  type  shown  in  Figure  1. 


Figure  2.  Effect  of  Sample  Size  (Concentra¬ 
tion)  on  Calcium  Values  of  Several  Polyphos¬ 
phates 


During  the  development  of  the  present  method  for  calcium 
value,  a  few  determinations  were  made  using  a  calcium  chloride 
solution  that  had  been  adjusted  to  pH  10.0  in  an  attempt  to  elim¬ 
inate  the  difference  between  “initial”  and  “end  point”  pH  values. 
However,  owing  to  the  difficulty  of  maintaining  the  unbuffered 
reagent  at  pH  10.0  and  because  the  pH  was  not  constant  during 
titration  in  any  case,  it  was  decided  to  eliminate  this  feature  in 
the  interest  of  simplicity. 

Effect  of  Sample  Size.  Andress  and  Wiist  (2)  have  showD 
that  the  calcium  value  of  sodium  tripolyphosphate  decreases 
with  increasing  concentration  in  the  range  3  to  35  grams  per  liter, 
the  greatest  decrease  occurring  at  about  10  to  15  grams  per  liter. 
Chwala  and  Martina  (2)  observed  the  same  general  effect  for 
various  polyphosphates.  The  effect  of  varying  sample  size  on  the 
present  method  was  determined  for  commercial  sodium  tripoly¬ 
phosphate,  sodium  “tetraphosphate”,  tetrasodium  pyrophos¬ 
phate,  and  laboratory  prepared  glassy  sodium  metaphosphate. 
The  pyrophosphate  and  one  of  the  “tetraphosphate”  samples  used 
in  the  pH  study  were  employed.  A  different  laboratory  batch  of 
glassy  metaphosphate  and  a  different  sample  of  commercial 
tripolyphosphate  were  used.  The  calcium  values  obtained  for 
different  sample  sizes  of  these  materials  by  the  present  method 
are  shown  in  Table  II  and  plotted  against  sample  size  in  Figure  2. 
Since  the  method  specifies  a  volume  of  about  55  ml.  at  the  start 
of  the  titration  and  since  about  15  to  20  ml.  of  titrant  may  be 
added,  the  final  concentration  using  a  0.4-gram  sample  corre¬ 
sponds  to  about  5.5  grams  per  liter  in  the  method  as  written. 

Figure  2  confirms  the  general  effect  of  concentration  on  calcium 
value  noted  by  other  investigators.  The  curves  are  fairly  flat 
at  a  sample  size  of  0.4  gram,  indicating  that  sample  size  should 
not  affect  the  precision  of  the  method  greatly.  The  steepest 


curve  in  this  concentration  range  is  found  for  tetrasodium  pyro 
phosphate ;  a  sample  size  difference  of  0. 1  gram  in  this  case  wouli 
give  a  difference  in  calcium  value  of  about  0.5. 

Precision.  The  precision  of  the  present  method  for  calciuii 
value  has  been  found  to  vary  somewhat,  depending  on  the  typ 
of  sample  being  examined.  In  order  to  test  precision,  ten  de 
terminations  were  made  by  a  single  experienced  analyst  on  t 
sample  of  sodium  tripolyphosphate.  Treatment  of  the  dat; 
(shown  in  Table  III)  as  outlined  by  Moran  (4)  gives  an  LUi  o 
±0.4  against  an  average  calcium  value  of  10.4.  LU\  is  the  sym 
bol  for  the  limit  of  uncertainty  of  the  method  under  the  best  con 
ditions.  For  data  which  are  statistically  normal,  this  LU\  im 
plies  that  a  single  determination  has  997  chances  out  of  1000  o 
being  within  0.4  unit  of  the  average  calcium  value. 

On  many  samples,  duplicate  determinations  check  somewha 
better  than  might  be  indicated  by  the  above  precision.  For  in 
stance,  in  determining  the  calcium  values  of  various  polyphos 
phate  mixtures,  eight  sets  of  duplicate  determinations  gave  ai 
average  difference  between  duplicates  of  only  0.05.  In  othe 
cases,  where  the  end  point  is  not  so  well  defined,  duplicate  deter 
ruinations  may  vary  by  as  much  as  0.4.  In  general,  the  methcx 
has  been  found  capable  of  precise  results  on  most  of  the  material 
tested. 


CONCLUSIONS 

The  calcium-sequestering  ability  of  sodium  polyphosphat 
water  conditioners  can  be  determined  with  good  precision  by  ti 
tration  with  standard  calcium  chloride  solution,  using  a  filte 
photometer  and  graphical  computation  to  ascertain  the  poin 
at  which  a  precipitate  first  begins  to  form.  Results  should  b 
expressed  as  grams  of  calcium  sequestered  by  100  grams  of  sam 
pie.  Increasing  concentration  decreases  calcium  value,  bu 
small  differences  in  sample  size  do  not  greatly  influence  the  pre 
cision  of  the  method.  Calcium  values  of  different  polyphos 
phates  are  affected  in  a  marked  and  variable  maimer  by  the  pi 
level  to  which  the  sample  solution  is  adjusted  before  titrating 
The  precision  of  the  method,  in  terms  of  limit  of  uncertainty  unde 
the  best  conditions,  was  found  to  be  ±0.4  for  sodium  tripoly 
phosphate  having  a  calcium  value  of  10.4.  Precision  varies,  de 
pending  on  the  type  of  sample  and  conditions  of  determination 

Since  the  calcium  value  of  phosphate  water  conditioners  varie 


Table  II.  Effect  of  Sample  Size  on  Calcium  Values  of  Varioi 

Polyphosphates 


Sample 

Calcium  Value 

Sample  size,  grams 

0.100 

0.200 

0.400 

0.800 

1.00 

Approximate  concentration. 

grams  per  liter 

1.4 

2.8 

5.5 

11.0 

13.8 

Sodium  tripolyphosphate  sam- 

pie  H 

Tetrasodium  pyrophosphate. 

11.7 

10.9 

10.6 

9.2 

y.y 

sample  D 

8.6 

6.2 

4.8 

3.7 

3.0 

Sodium  "tetraphosphate”, 

sample  E 

13.1 

15.8 

16.1 

15.4 

16.1 

Sodium  metaphosphate  glass, 

sample  I 

15 . 3 

14.9 

14.5 

14.3 

13. y 

Table  III,  Precision  of  Method  for  Calcium  Value 

Calcium  Value 

Deviation 

(Deviation)2 

10.27 

0.17 

0.0289 

10.32 

0.12 

0.0144 

10.39 

0.05 

0 . 0025 

10.32 

0.10 

0.0100 

10.59 

0.15 

0.0225 

10.49 

0.05 

0 . 0025 

10.49 

0.05 

0 . 0025 

10.52 

0.08 

0.0064 

10.61 

0.17 

0.0289 

10.39 

0  05 

0 . 0025 

Average 

10.44 

Average  deviation 

0. 10 

Standard  deviation,  a 

0.11 

L  Ui,  3<r/0.923 

±0.36 

Range,  10.61-10.27 

0.34 
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th  such  factors  as  pH  and  concentration,  the  conditions  of  the 
termination  must  be  rigidly  standardized,  and  any  departure 
>m  these  conditions  should  be  noted  in  expressing  results.  The 
lcium  value  obtained  may  have  little  connection  with  water- 
iftening  power  under  conditions  of  use  other  than  those  of  the 
jethod.  Where  performance  under  conditions  of  actual  use  is 
jquired,  the  method  may  be  modified,  but  only  with  the  under- 
anding  that  the  resulting  data  cannot  be  compared  directly 
ith  data  obtained  by  using  the  method  as  written. 
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procedure  for  the  quantitative  radioactive  analysis  of  arsenic 
90-day  half-life  depends  upon  the  isolation  of  arsenic  metal  by 
duction  with  hypophosphite,  collection  on  a  Selas  filter  plate,  and 
jasurement  of  the  activity  inside  the  chamber  of  a  Lauritzen  elec- 
>scope.  The  utilization  of  90-day  arsenic  rather  than  the  16-day 
dope  extends  considerably  the  duration  of  experimentation  fol- 
wing  cyclotron  bombardment. 

)URING  the  course  of  investigations  utilizing  16-day  As74  as 
a  tracer,  it  was  found  that  an  appreciable  amount  of  radio- 
tivity  due  to  90-day  arsenic  is  also  present.  This  long-lived 
senic  (2)  is  known  to  be  either  As72  or  As73.  It  disintegrates 
to  Ge72’  73  by  the  capture  of  a  K-shell  electron  and  the  emission 
a  gamma-ray  of  about  0.05  Mev.  Through  photon  absorption, 
is  gamma-ray  may  result  in  the  ejection  of  either  a  K-  or  L-shell 
jctron  surrounding  the  germanium  nucleus.  Such  electrons  are 
iown  as  internal  conversion  electrons  and  in  the  case  of  90-day 
senic  the  process  is  highly  efficient.  A  special  procedure  has 
■en  worked  out  for  the  detection  of  these  low  energy  (approxi- 
ately  0.05  Mev.)  electrons. 

Both  the  16-  and  90-day  arsenic  isotopes  are  formed  by  the 
■uteron  bombardment  of  germanium.  On  the  basis  of  a  10- 
>ur  bombardment  by  the  M.I.T.  cyclotron  of  Ge  and  the  addi- 
m  of  50  mg.  of  carrier  As76  for  separation  purposes,  it  was  pos- 
ole  with  As74  to  detect  0.005  microgram  and  make  quantitative 
dioactive  analyses  to  a  0. 1  microgram  of  arsenic  for  a  period  of 
dy  10  to  12  weeks.  The  procedure  described  for  the  detection 
the  90-day  isotope  produced  by  the  same  bombardment  ex- 
nded  these  analyses  to  a  period  of  about  one  year. 

DETECTION  APPARATUS 

Although  the  usual  thin-walled  cylindrical  Geiger  counter  ( 1 ) 
the  thin  mica  window  helium-filled  bell-tvpe  counter  (5)  is 
tisfactory  for  detection  of  the  16-dav  isotope,  it  is  not  satisfac- 
iry  for  detection  of  the  internal  conversion  electron  emitted  by 
e  90-day  isotope.  This  is  due  to  the  large  fraction  of  these  soft 
ectrons  that  are  absorbed  by  either  the  window  or  wall  of  the 
>ove  counters.  Since  it  has  not  as  yet  proved  feasible  to  make 
utine  radioactive  analysis  to  better  than  15%  accuracy  by 
acing  samples  inside  counters,  recourse  is  taken  to  the  use  of 
ie  modified  Lauritzen  electroscope  (4). 

As  in  the  case  of  S36,  the  arsenic  samples  are  placed  inside  the 

1  Second  article  on  subject,  “Radioactive  Studies’’.  The  first  appeared 
.  page  349,  June  15  issue.  Succeeding  papers  appear  on  pages  417  and 
0.  The  fifth  paper  will  appear  in  a  later  issue. 

■  -'Present  address.  Radiation  Laboratory,  University  of  California, 
irkeley,  Calif. 

*  Present  address,  Massachusetts  Department  of  Public  Safety,  Boston, 
i  ass. 
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electroscope  chamber.  In  view  of  the  low  energy,  nearly  all  the 
ionization  resulting  from  inelastic  collision  of  the  electron  with 
air  molecules  takes  place  in  the  chamber.  This  is  the  reason  for 
the  much  greater  sensitivity  of  the  modified  electroscope  over 
the  thin  mica  window  counters  in  this  particular  case.  The  situa¬ 
tion  is  reversed  with  the  16-day  arsenic  isotope,  because  of  the 
high  energy  of  the  emitted  particles.  Thus,  during  the  early 
period  following  the  cyclotron  bombardment,  the  concentration 
of  the  16-day  isotope  is  relatively  high  and  the  Geiger  counter  has 
a  greater  sensitivity  as  compared  to  background  than  the  modi¬ 
fied  electroscope.  This  is  of  little  import,  however,  since  during 
this  interval  the  specific  radioactivity  is  also  high. 

ANALYTICAL  METHOD 

The  radioactive  determination  is  made  on  finely  divided  ar¬ 
senic  metal.  Arsenic  in  either  the  +3  or  +5  state  of  oxidation  is 
quantitatively  reduced  to  arsenic  metal  by  alkali  hypophosphites 
in  strong  hydrochloric  acid  solutions.  The  procedure  on  a  micro 
scale  was  developed  by  Polyakov  and  Kolokolov  (3).  One  pro¬ 
cedure  for  obtaining  the  arsenic  initially  in  the  form  of  arsenate, 
which  is  well  suited  for  biological  investigations,  is  to  oxidize  the 
sample  containing  the  arsenic  by  the  Carius  method.  Sufficient 
nonradioactive  (carrier)  arsenic  is  added  in  the  form  of  ILAsO^ 
to  produce  4  mg.  as  arsenic  metal. 

The  Carius  solution  containing  4.0  mg.  of  arsenic  as  H2As04- 
is  transferred  to  a  25-cc.  beaker  and  evaporated  to  dryness  to  re¬ 
move  the  nitric  acid.  The  residue  is  taken  up  in  3  cc.  of  water 
and  0.1  to  0.2  gram  of  sodium  hypophosphite  is  added,  followed 
by  about  10  to  15  cc.  of  7  N  hydrochloric  acid.  The  solution  is 
then  heated  on  a  hot  plate  until  the  clearing  of  the  supernatant 
layer  (30  to  45  minutes)  signifies  that  the  precipitation  is  com¬ 
plete. 


Tr 
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Figure  1.  Cross  Sections  of  Filter  Cruci¬ 
bles  Prepared  from  Selas  Crucible  2001 

Effective  filtering  area,  2.1  5  sq.  cm. 


The  arsenic  precipitate  is  collected  in  a  maimer  similar  to  that 
used  for  benzidine  sulfate  in  the  radioactive  sulfur  work  (4) ,  ex¬ 
cept  that  a  Selas  filter  disk  (Selas  Co.,  Philadelphia,  Pa.)  is  sub¬ 
stituted  for  the  filter  paper.  The  finely  divided  state  of  the  ar¬ 
senic  metal  necessitates  the  use  of  these  filter  disks,  which  are 
prepared  by  cutting  off  the  top  of  a  Selas  filter  crucible  No.  2001. 
After  the  filtering  areas  are  immersed  in  paraffin  for  protective 
purposes,  the  disks  are  ground  to  identical  size  as  indicated  in 
Figure  1.  The  paraffin  is  then  removed  with  hot  ligroin. 
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Table  I.  Radioactivity  Measurements  as  a  Function  of  90-Day  Arsenic  Content  of  HjAsO*  Usin3  Modified  Lauritzen  Electroscope 

(Dilution  experiments.  Concentration  of  least  active  sample  is  taken  as  unity.  Radioactivity  measurements  are  expressed  as  ratio  of  net  activity 

average  background.) 


Radioactive 

Arsenic 

Concentration,  C» 

Radioactive  Measurements 
Observed,  Expected", 

Ri  Ri 

Average 

Deviation, 

% 

250 

181  ■ 

182 

181 

0.3 

Av. 

182 

200 

145 

145 

145 

0.0 

Av. 

145 

125 

90.2 

90.6 

90.6 

0.2 

Av. 

90.4 

100 

73.8 

72.5 

72.5 

0.9 

Av. 

73.2 

50 

35.0 

36.8 

36.3 

1.1 

Av. 

35.9 

25 

17.5 

18.2 

18. 1 

1-.4 

Av. 

17.9 

20 

14.6 

15.1 

14.5 

2.4 

Av. 

14.9 

Radioactive 

Arsenic 

Concentration,  C» 

Radioactive  Measurements 
Observed,  Expected®, 

Ri  Ri 

Average 

Deviation. 

% 

12  5 

9.27 

9.14 

9.06 

1.6 

Av. 

9.21 

10 

7.28 

7.12 

7.25 

0.7 

Av. 

7.20 

5 

3.43 

3.59 

3.63 

3.3 

Av. 

3.51 

2.5 

1.78 

1.65 

1.81 

5.3 

Av. 

1.72 

2 

1.49 

1.56 

1.45 

5.2 

Av. 

1.53 

1 

0,70 

0.64 

0.73 

8.3 

Av. 

0.67 

1  't  y  ^  “to  Clj  Ud  tlUll  CApi  CooCo  tUC  iub  t  tlidt  ti 

accuracy  of  measurement  increases  somewhat  with  concentration  of  rad 
activity. 


After  the  arsenic  metal  is  collected  on  these  disks,  it  is  well 
washed  with  a  hot  reducing  solution  of  1%  sodium  hypophosphite 
in  7  N  hydrochloric  acid  followed  by  absolute  ethyl  alcohol. 
Until  ready  for  measurement  these  disks  are  kept  in  a  vacuum 
desiccator. 

The  radioactive  determination  is  now  made  by  placing  the 
disk  containing  the  arsenic  precipitate  inside  the  electroscope 
chamber  by  means  of  the  sliding  bar  device  previously  described 
(4)-  After  the  sample  is  measured,  the  arsenic  is  removed  by  the 
reverse  flow  of  hot  nitric  acid.  Alkaline  oxidizing  agents  are  to 
be  avoided  because  of  their  injurious  action  on  the  porous  plate. 

Since  the  very  low  energies  of  the  emitted  electrons  result  in 
considerable  self-absorption,  uniformity  of  the  thickness  of  pre¬ 
cipitate  over  the  filter  disk  area  is  especially  important  in  quanti¬ 
tative  work.  Before  preparing  the  disks,  the  Selas  crucibles  are 
selected  with  this  in  mind;  visual  observation  of  uniformity  of 
precipitate  suffices  and  about  70%  of  these  crucibles  pass  inspec¬ 
tion. 

Although  the  hypophosphite  reduction  is  quantitative  (S),  it 
cannot  be  used  for  gravimetric  analysis,  since  arsenic  metal  forms 
an  oxide  film  in  moist  air.  The  resulting  increase  in  weight  is 
consistently  less  than  2%  if  the  procedure  described  above  is 
strictly  followed.  This  variation  in  the  weight  results  in  a  maxi¬ 
mum  uncertainty  of  only  0.4%  in  the  radioactive  measurements  of 
arsenic  precipitates  weighing  about  4.0  mg.  or  1.86  mg.  per  sq. 
cm.  (Computed  from  Equation  2.) 

ACCURACY  OF  RADIOACTIVE  ANALYTICAL  PROCEDURE  AS 
MEASURED  BY  LAURITZEN  ELECTROSCOPE 

The  accuracy  of  the  analytical  procedure  was  evaluated  by  the 
progressive  dilution  of  the  radioactivity,  through  the  addition  of 
known  amounts  of  inactive  arsenate  ion  to  an  arsenate  solution 
containing  90-day  arsenic.  Each  arsenate  solution  that  was  sub¬ 
jected  to  analysis  contained  0.0552  millimole  of  arsenic  (4.0  mg. 
as  arsenic  metal).  As  in  the  case  of  S36  %),  the  data  are  pre¬ 
sented  in  the  terms  of  the  following  ratio : 

Wt\  -  {d/th 
(4/th 

where  d  is  the  distance  traversed  by  the  electroscope  fiber  in  time  t, 
s  indicates  the  radioactive  sample,  b  denotes  background,  and 


{d/t)b  is  the  average  background  rate  of  fiber  discharge.  T 
usual  distance  traversed  by  the  electroscope  fiber  during  mei 
urements  is  10  small  divisions. 

Duplicate  experimental  determinations  are  presented  in  Tat 
I.  The  concentration  of  the  90-day  arsenic  present  in  the  lea 
active  sample  is  arbitrarily  taken  as  unity. 

The  data  indicate  that  radioactive  analysis  to  2%  can  be  ma 
on  all  arsenic  samples  containing  activity  greater  than  about 
times  background  by  the  procedure  given  above. 

SELF-ABSORPTION  OF  ELECTRONS  BY  ARSENIC  METAL  PRECIP1TAT 

Unfortunately  it  is  not  possible  to  prepare,  as  was  done  f 
radioactive  sulfur  (4),  a  correction  table  for  self-absorption 
radioarsenic  that  is  nonvarient  in  time.  This  is  due  to  the  tin 
dependent  ratio  of  16-day  arsenic  to  90-day  arsenic.  This  is  n 
a  serious  limitation,  since  in  most  chemical  and  biological  expe 
ments  involving  the  use  of  radioarsenic,  the  weight  of  the  mel 
precipitate  can  be  predetermined  by  the  addition  of  carrier  in  t 
form  of  nonradioactive  arsenate.  If  the  weight  of  arsenic  mel 
precipitate  cannot  be  predetermined,  it  is  necessary  to  have  < 
hand  standards  of  different  known  weights  of  precipitate  co 
taining  equal  radioactivity;  this  activity  must  of  course  rest 
from  the  same  bombardment  as  the  radioarsenic  being  analyze 

It  is  found  that  4  to  10  mg.  (1.86  to  4.65  mg.  per  sq.  cn 
of  arsenic  give  a  uniform  distribution  of  metal  precipitate  on  Sel 
plate.  This  weight  should  be  kept  minimal  in  view  of  the  hi] 
self-absorption. 

After  about  100  days  following  cyclotron  bombardment,  t 
effective  concentration  of  16-day  radioarsenic  is  small  as  compar 
to  90-day  arsenic.  Thus  from  this  time  on,  it  would  be  possil 
to  use  a  weight  correction  table  for  self-absorption.  Data  f 
this  table  have  been  obtained  but  are  not  given  here  in  deta 
To  within  4%,  these  data  follow  the  following  equation  (4) : 

/  =  A  (l  -  e  ad)  y 

aa 

I  is  the  measured  radioactivity,  K  is  a  constant,  d  is  the  thic 
ness  of  precipitate  in  mg.  per  sq.  cm.,  and  a  is  an  exponential  a 
sorption  coefficient  of  numerical  value  equal  to  0.79  sq.  cm.  p 
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ig.  of  arsenic  metal  precipitate.  Self-absorption  is  more  than 
3%  complete  for  a  precipitate  heavier  than  5  mg.  per  sq.  cm. 
nd  is  equal  to  22%  for  a  precipitate  of  about  2  mg.  per  sq.  cm. 
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\  detailed  quantitative  procedure  for  the  measurement  of  radio- 
ctivity  due  to  long-life  C14  incorporated  into  organic  compounds 
;  described  and  evaluated.  The  method  is  based  on  the  insertion 
f  carbon  dioxide  gas  into  a  quartz  ionization  chamber  attached  to 
|  Lauritzen  electroscope.  The  assemblage  of  this  detection  ap- 
.aratus  is  described  in  detail.  The  method  is  especially  suitable  to 
biological  work,  since  it  will  measure  3  X  10_1  microcurie  of  O* 
liluted  with  as  much  as  20  millimoles  of  ordinary  carbon. 

RADIOACTIVE  carbon  C14  of  half-life  greater  than  1000 
\  years  is  certainly  the  most  valuable  of  all  the  radioactive 
lements  for  general  tracer  work.  It  is  usually  prepared  by  the 
leutron  bombardment  of  the  N14  present  in  ammonium  nitrate. 
Radioactive  carbon  is  present  in  the  form  of  carbon  monoxide 
tnd  carbon  dioxide  and  is  ultimately  collected  as  barium  car- 
lonate  (5).  Because  of  the  low  yield  of  the  N14  (n,  p)  C14  reac- 
ion,  the  production  of  appreciable  quantities  of  C14  of  high 
pecific  activity  by  cyclotron  bombardment  is  very  costly.  How¬ 
ever,  the  utilization  of  the  neutron  sources  which  are  now 
t  vail  able  through  the  construction  of  uranium  piles  will  make  C” 
jnore  plentiful. 

.  .Ammonium  nitrate,  subjected  to  neutron  bombardment  by  the 
VLI.T.  cyclotron  staff,  was  the  authors’  source  of  long-life  carbon. 

Long-life  carbon  disintegrates  into  N14  by  the  emission  of  a 
peta-particle  of  maximum  energy  of  about  0.14  Mev.  (5).  Ruben 
ind  Kamen  (8)  have  outlined  a  procedure  for  the  radioactive 
analysis  of  C14,  which  depends  upon  the  isolation  and  precipita¬ 
tion  of  the  activity  in  the  form  of  a  carbonate  precipitate.  The 
precipitate  in  milligram  quantities  is  then  placed  inside  a  screen- 
yall  counter  and  a  certain  fraction  of  the  number  of  disintegra¬ 
tions  is  recorded.  This  procedure  is  subject  to  two  serious  limi¬ 
tations:  (1)  Geiger  counters  which  are  repeatedly  subjected  to  the 
iterations  necessary  for  the  insertion  of  a  sample  inside  the 
counter  are  erratic;  hence  accuracy  better  than  10  to  15%  is  not 
;o  be  expected.  (2)  Because  of  the  low  energy  of  the  emitted 
^articles,  self-absorption  is  an  appreciable  factor,  especially  in 
biological  tracer  work,  where  the  weight  of  a  carbonate  precipi¬ 
tate  resulting  from  the  oxidation  of  1  gram  of  tissue  is  usually  in 
!grams.  In  view  of  the  expense  involved  in  the  production  of  C14 
Sf  high  millicurie  strength,  this  factor  must  be  minimized. 

The  procedure  described  was  developed  with  both  detection 
'sensitivity  and  over-all  accuracy  in  mind. 

DETECTION  APPARATUS 

The  ideal  solution  to  the  problem  would  be  the  insertion  of  car¬ 
bon  dioxide  containing  C14  inside  a  Geiger  counter;  under  these 

.  1  Present  address,  Radiation  Laboratory,  University  of  California, 

■'Berkeley,  Calif. 

Is  Present  address,  Massachusetts  Department  of  Public  Safety,  Boston, 

Mass. 


conditions  at  least  90%  of  the  radioactive  disintegrations  would 
be  counted.  One  would  have,  then,  a  routine  analytical  method 
of  optimum  sensitivity  which  is  applicable  to  all  long-life  radio¬ 
carbon  compounds.  Unfortunately  this  gas  is  not  suitable  for 
proper  Geiger  counter  operation  (no  measurable  plateau  and 
erratic  counting  rates),  and  in  view  of  the  importance  of  G14  de¬ 
tection,  considerable  research  has  been  directed  toward  the  solu¬ 
tion  of  this  problem. 

Recently  it  has  been  found  (6 )  that  the  addition  of  certain  con¬ 
taminating  vapors  to  carbon  dioxide  markedly  improves  these 
counter  characteristics,  but,  as  yet,  this  method  cannot  be  adopted 
for  accurate  routine  analyses. 

It  is  also  possible  to  introduce  the  gaseous  carbon  dioxide  into 
an  ionization  chamber  and  to  measure  the  ionization  produced  by 
the  collisions  of  the  emitted  beta-particles  with  carbon  dioxide 
molecules  by  means  of  an  auxiliary  apparatus.  It  was  decided 
to  measure  this  ionization  with  a  Lauritzen  electroscope  (5).  In 
view  of  its  sensitivity,  simplicity  of  design,  ruggedness,  and  aceu- 


A.  Light  source  (1 1  5-volt  6-watt)  lor  illumination  of  quartz  fiber  and  scale 

C.  Tungsten  w?re  providing  electrical  connection  to  silvered  surface 

D.  Condensing  tube 

E.  Quartz  flask  (ionization  chamber) 

F.  Pyrex-quartz  graded  seal 

G.  Silvered  portion  of  flask 

H.  High-vacuum  pressure  stopcocks 

/.  Ion  trap  (very  coarse  silvered  fritted  disk  and  silvered  glass  tube; 

J.  Ion  collecting  wire  (3-mil  tungsten) 

K.  Fiber-repelling  post 

L.  Gold-plated  quartz  fiber 

M.  Electroscope  charge  button  .  .  .  . 

N.  Portion  of  flask  coated  with  colloidal  graphite  (Aquadag) 

O.  Thin  coat  of  ceresin  wax 

P.  Brass  adapter  . 

P' .  Brass  straps,  0.25  inch  (4  in  all) 

P".  Brass  collar  provided  with  screw  for  cinching  straps 

Q.  Rubber-stoppered  hole  0.375  inch,  in  brass  adapter  (4  in  all) 

R.  Lauritzen  electroscope  frame  ,  . 

R'.  Electroscope  tube  containing  objective,  scale,  and  eyepiece 

S.  To  vacuum  system 

T.  To  mercury  vapor  pump 
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racy,  this  electroscope  is  believed  .to  be  better  suited  for  routine 
analytical  work  than  ( 9 )  either  a  sensitive  electrometer  or  a 
vacuum  tube  electrometer  circuit. 

The  combination  of  the  ionization  chamber  and  Lauritzen 
electroscope  is  shown  in  Figure  1. 

Assembling  of  Detection  Apparatus.  The  neck  of  a  200- 
cc.  quartz  flask  is  drawn  down  and  sealed  to  a  quartz-Pyrex 
graded  seal.  An  L-shaped  tungsten  lead  wire,  C,  is  tacked  for  a 
distance  of  2  mm.  along  the  inside  wall  of  the  Pyrex  tube  and  then 
is  sealed  in.  A  minute  hole  (about  0.13  mm.),  for  subsequent 
introduction  of  the  collecting  wire,  is  made  in  the  bottom  of  the 
flask,  which  is  then  sealed  with  a  thin  filpa  of  quartz. 

After  the  inside  surface  is  scrupulously  cleaned,  the  interior 
spherical  segment  (about  3  cm.  in  diameter)  which  is  to  remain 
unsilvered  is  coated  with  vinyl  acetate  (Vinylite  Resin  AYAF, 
Carbide  and  Carbon  Chemicals  Corp.,  New  York,  N.  Y.).  This  is 
done  by  clamping  the  flask  in  a  vertical  position  and  then  intro¬ 
ducing  a  3%  solution  of  vinylite  in  acetone  to  the  requisite  depth 
by  means  of  a  long  capillary  funnel.  The  excess  vinylite  solution 
is  removed  via  the  capillary  funnel  by  suction.  The  remaining 
acetone  is  allowed  to  dry;  this  leaves  a  thin  protective  coating 
of  vinylite  over  the  small  spherical  segment. 

The  flask  is  evacuated  with  a  water  pump,  and  Brashear’s 
silvering  solution  (9)  is  introduced  by  means  of  a  stopcock.  Re¬ 
moval  of  the  silvering  solution  and  subsequent  rinsings  are 
facilitated  by  use  of  the  water  pump.  After  the  silvered  surface  is 
well  washed  with  distilled  water,  the  vinylite  is  dissolved  with 
reagent  acetone.  Anhydrous  reagent  ether  is  used  for  final  rins¬ 
ing.  The  silvered  surface  is  now  tested  for  electrical  continuity. 

After  the  remainder  of  the  glass  apparatus  shown  in  Figure  1 
is  attached,  the  outside  lower  half  of  the  flask  is  well  cleaned  and 
dried.  The  thin  quartz  film  sealing  the  hole  in  the  bottom  of  the 
flask  is  pierced  by  means  of  a  5-mil  tungsten  wire.  A  3-mil 
(0.076-mm.)  tungsten  wire  is  now  introduced  into  the  hole  until 
it  projects  8  mm.  inside  the  flask.  This  ion-collecting  wire  is 
sealed  in  with  picein  wax. 

The  external  surface  of  the  unsilvered  spherical  segment  is 
coated  with  a  thin  layer  of  ceresin  wax.  The  remainder  of  the 
external  surface  of  the  flask  is  coated  with  colloidal  graphite 
(Aquadag). 

After  the  external  portion  of  the  collecting  wire  is  cut  to  3-mm. 
length  (total  length  1.3  cm.)  the  brass  adapter  is  attached  to  the 
flask.  This  adapter  is  constructed  so  that  when  the  entire  ap¬ 
paratus  is  assembled  the  bottom  of  the  flask  is  2  mm.  from  the 
repelling  post  of  the  Lauritzen  electroscope. 

The  adapter  is  fitted  on  to  the  electroscope,  the  collecting  wire 
is  brought  near  the  repelling  post  by  moving  the  quartz  flask,  and 
the  flask  is  securely  clamped  to  the  adapter.  Final  adjustments 
are  made  by  bending  the  collecting  wire  with  a  dissecting  needle. 
A  fine  pencil  brush  is  used  for  cementing  the  wire  to  the  repelling 
post  with  colloidal  graphite.  During  these  operations  the  quartz 
fiber  is  kept  charged  in  order  to  keep  it  out  of  the  way.  The  four 
9.5-mm.  holes  symmetrically  drilled  in  the  cylindrical  sides  of  the 
adapter  allow  visual  observation  of  the  above  manipulations  .after 
which  they  are  closed  with  rubber  stoppers. 

The  electroscope  chamber  is  made  reasonably  airtight  by  seal¬ 
ing  the  adapter  to  both  the  quartz  flask  and  the  electroscope 
mounting  with  beeswax  and  rosin.  These  nonconducting  surfaces 
are  then  coated  with  colloidal  graphite. 

The  detection  apparatus  is  sealed  to  the  rest  of  the  vacuum 
system  and  the  entire  apparatus  is  ready  for  use. 

A  power  pack  of  standard  design,  employing  a  5R4  rectifier  and 
three  VR150  voltage  regulator  tubes,  provides  a  constant  450- 
volt  source  required  for  operating  the  detection  apparatus.  A 
115-volt  pilot  light  (6-watt)  illuminates  the  quartz  fiber  and  eye¬ 
piece  scale  in  spite  of  the  interposition  of  the  auxiliary  ionization 
chamber. 

The  detection  apparatus  operates  on  the  following  principle: 

Let  the  electroscope  mounting,  the  brass  adapter,  and  the 
Aquadag  surfaces  be  grounded ;  let  the  silvered  surface  be  main¬ 
tained  at  a  positive  voltage;  and  let  the  unit,  consisting  of  the 
gold-plated  quartz  fiber,  the  repelling  post,  and  the  ion-collecting 
wire  be  charged  to  a  negative  potential  and  then  be  isolated. 
Then  the  ion  pairs  (mainly  C02+  and  e~),  produced  by  the  in¬ 
elastic  collisions  of  beta-particles  from  C14  with  gaseous  carbon 
dioxide  molecules  inside  the  ionization  chamber,  are  separated 
by  the  electric  field  resulting  from  the  potential  difference  of  the 
silvered  surface  and  the  collecting  wire.  The  subsequent  neu¬ 
tralization  of  the  positive  ions  at  the  collecting  wire  makes  the 
repelling  post  and  quartz  fiber  less  negative,  and  the  elastic  re¬ 
storing  force  of  the  quartz  moves  the  gold  fiber  somewhat  nearer 
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the  repelling  post.  The  rate  of  this  motion  is  a  measure  of  the 
amount  of  radioactivity  present  . 

It  is  apparent  that  electrical  leakage  from  the  silvered  and 
Aquadaged  surfaces  will  also  neutralize  the  charge  on  the  repelling 
post.  To  prevent  this  the  ionization  chamber  was  made  of 
quartz,  in  view'  of  its  high  electrical  resistance  (7) ;  as  was  to  be 
expected  (7),  Pyrex  proved  to  be  unsatisfactory.  Furthermore 
the  ceresin  wax  minimized  exterior  surface  conduction  due  to  the 
absorption  of  water  vapor  on  the  quartz.  No  increase  in  “nat¬ 
ural”  background  rate  due  to  volume  and  surface  electric  con¬ 
ductivity  of  the  quartz  was  detectable. 

The  absolute  sensitivity  of  a  Lauritzen  electroscope  depends 
upon  the  elastic  force  constant  of  the  quartz  fiber  and  the  electro¬ 
static  capacity  of  the  isolated  unit.  By  connecting  the  collecting 
ware  to  the  repelling  post  this  capacity  is  increased  by  only  about 
0.1  mmf.,  since  a  wire  of  small  diameter  (0.076  mm.)  and  minimal 
length  (1.3  cm.)  is  used.  Depending  somewhat  upon  the  electro¬ 
scope,  the  resulting  reduction  in  sensitivity  amounts  to  about 
30%.  It  is  suggested  that  electroscopes  to  be  used  for  this 
purpose  be  ordered  with  a  sensitivity  of  5  to  6  divisions  per 
minute  per  millicurie  of  radium  at  1  meter. 

Optimal  operating  conditions  were  ascertained  by  numerous 
preliminary  tests. 

With  the  brass  adapter  and  Aquadaged  surfaces  grounded, 
the  silvered  surface  inside  the  quartz  ionization  chamber  is  kept 
continuously  at  a  potential  of  +240  volts.  Except  when  meas¬ 
urements  are  being  made,  the  collecting  wfire,  repelling  post,  and 
fiber  are  held  at  a  potential  of  — 140  volts  by  means  of  a  simple 
lock  device  attached  to  the  electroscope  charge  button.  These 
potentials  are  somewhat  in  excess  of  that  necessary  for  maximum 
collection  of  ions.  The  continual  maintenance  of  the  above  volt¬ 
ages  is  necessary  because  of  the  initial  flow  of  polarization  cur¬ 
rent  or  “soak  in  charge”  into  the  quartz  insulation;  about  18 
hours  were  required  to  attain  complete  equilibrium  (7). 

When  not  in  use  the  quartz  chamber  is  left  filled  with  the  last 
gas  sample  subjected  to  radioactive  analysis.  Under  no  circum¬ 
stances  is  the  chamber  left  evacuated  more  than  15  minutes, 
There  is  apparently  at  least  a  monomolecular  layer  of  carbon 
dioxide  that  is  strongly  adsorbed  by  the  quartz  insulating  the 
collecting  wire  from  the  silvered  surface,  and  the  orientation  oi 
this  layer  in  the  electrical  field  alters  slightly  the  capacity  of  the 
measuring  unit.  This  phenomenon  is  readily  recognizable,  since 
longer  periods  of  evacuation  will  result  in  a  discrete  jump  of  about 
3  small  divisions  of  the  electroscope  fiber  to  a  new  position  ol 
equilibrium.  Surface  adsorption  is  indicated  because  this  phe¬ 
nomenon  does  not  take  place  with  either  dry  air  or  hydrogen. 

The  negatively  charged  silvered  fritted  disk,  through  which 
the  gas  enters  the  ionization  chamber,  neutralizes  the  slow-moving 
polymeric  molecular  ions  which  are  always  present  in  carbon  di¬ 
oxide  owfing  to  cosmic  ray  bombardment.  The  presence  of  these 
ions  in  greater  than  nonequilibrium  proportions  results  in  an  ap¬ 
preciably  increased  discharge  rate  of  the  electroscope  fiber  for  all 
samples  with  activity  the  order  of  the  background  for  a  period 
of  about  2  hours.  The  above  ion  trap  enables  immediate  meas¬ 
urement  of  all  samples.  This  ion  trap  proved  to  be  as  efficient  as 
those  of  more  usual  design  (9). 

The  ionization  chamber  is  always  filled  with  about  20  milli¬ 
moles  of  carbon  dioxide  gas;  since  its  volume  is  219  cc.,  this  is 
equivalent  to  about  2  atmospheres’  pressure  at  room  tempera¬ 
ture.  Under  these  conditions,  the  carbon  beta-particles  en¬ 
counter  sufficient  inelastic  collisions  to  produce  97%  of  the  total 
ionization  possible.  Further  increase  in  pressure  to  3  atmos¬ 
pheres  increases  the  efficiency  to  nearly  100%. 

Sensitivity.  Accurate  radioactive  analysis  for  C 14  can  be  made 
by  utilizing  the  information  given  above.  Through  the  coopera¬ 
tion  of  W.  W.  Miller  of  the  Massachusetts  Institute  of  Technol¬ 
ogy,  the  number  of  counts  per  minute  (±10%)  were  determined 
on  10-cm.  mercury  pressure  of  carbon  dioxide  containing  C14 
within  a  Geiger  counter  of  35  cc.  detection  volume.  These  data 
were  then  compared  with  that  obtained  with  an  identical  sample 
inside  the  author’s  detection  apparatus.  F or  purposes  of  compari¬ 
son,  the  relative  sensitivity  will  be  defined  as  the  dimensionless 
ratio  of  measured  radioactivity  due  to  the  sample  to  the  measured 
activity  due  to  background  radiation;  then,  these  data  show 
that,  even  if  it  were  possible  to  operate  a  200-cc.  Geiger  counter 


ily,  1946 

ANALYTIC 

ible  1.  Radioactive  Measurements  as  a  Function  of  C14  Content  of 
srbon  Dioxide  in  the  Ionization  Chamber-Lauritzen  Electroscope 
Detection  Apparatus 
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“  /?»  =  C%  This  equation  expresses  the  fact  that  the 

2  log  G*  f  ,  , 

curacy  of  measurement  increases  somewhat  with  concentration  of  radio- 
tivity. 


oxide  is  condensed  in  a  trap  surrounded  with  liquid  nitrogen. 
By  means  of  a  ground  joint,  this  trap  is  then  joined  to  an  all-glass 
vacuum  system  similar  in  design  to  that  reported  in  ( 8 ).  The 
carbon  dioxide  is  transferred  to  any  desired  part  of  the  apparatus 
by  means  of  vacuum  distillation,  employing  liquid  nitrogen  as  the 
condensing  agent.  The  number  of  millimoles  of  gas  produced  is 
determined  in  a  calibrated  volume  connected  to  a  mercury  monom- 
eter. 

This  carbon  dioxide  is  transferred  to  a  mixing  bulb  and  the 
amount  of  nonradioactive  (carrier)  gas  required  to  bring  the  total 
amount  to  20  millimoles  is  added.  The  previous  sample  in  the 
quartz  ionization  chamber  is  either  transferred  to  a  storage  bulb 
or  pumped  away.  The  chamber  is  then  completely  evacuated  for 
5  minutes  by  means  of  a  mercury  diffusion  pump.  The  carbon 
dioxide  is  condensed  into  tube  D  (Figure  1)  and  allowed  to  evap¬ 
orate  slowly  through  the  ion  trap  into  the  ionization  chamber. 
The  electroscope  charge  button  is  now  released  and  the  discharge 
rate  of  the  fiber  is  determined.  Samples  producing  a  sufficiently 
high  discharge  rate  (greater  than  one  small  division  per  minute) 
are  measured  in  triplicate;  others  are  usually  determined  in 
duplicate.  When  the  apparatus  is  in  routine  use,  a  standard 
sample,  which  is  kept  in  a  storage  bulb  attached  to  the  vacuum 
system,  is  measured  at  the  beginning  and  the  end  of  the  day; 
background  is  determined  during  the  noon  hour. 

The  accuracy  of  this  method  for  the  measurement  of  relative 
amounts  of  C14  was  determined  by  progressive  dilutions  with 
inert  carbon  dioxide  of  a  standard  sample  of  carbon  dioxide  con¬ 
taining  some  C14.  Depending  upon  the  activity  present,  each 
radioactive  determination  was  made  either  in  triplicate  or  dupli¬ 
cate.  Two  independent  series  of  dilutions  were  measured.  As 
in  previous  investigations  (4),  the  data  are  presented  in  terms  of 
the  following  equation : 


Ri  = 


jd/t),  -  {d/t)b 
C d/t)b 


(I) 


where  d  is  the  distance  traversed  by  the  electroscope  fiber  in  time 
t,  s  indicates  the  sample,  b  denotes  background,  and  (d/t)b  is  the 
average  background  rate  of  fiber  discharge.  The  usual  distance 
traversed  by  the  fiber  during  measurements  was  10  small  divi¬ 
sions,  although  no  samples  were  measured  for  periods  longer 
than  about  1  hour. 


2  atmospheres  carbon  dioxide  pressure,  it  would  possess  a  rela¬ 
ve  sensitivity  no  greater  than  the  authors’  detection  apparatus, 
hus  an  ionization  chamber  attached  to  a  Lauritzen  electroscope 
sufficiently  sensitive  for  all  investigations  utilizing  C14  as  a 
acer,  so  long  as  there  is  adequate  gas  pressure  to  allow  nearly 
aximum  ionization  within  the  chamber. 

It  is  capable  of  detecting  the  presence  of  about  3  X  10” 5  micro- 
irie  of  C14  in  20  millimoles  of  carbon  dioxide  (4  grams  of  barium 
rbonate).  Surrounding  the  ionization  chamber  with  a  lead 
Under  would  decrease  the  minimum  detectable  quantities  of 
14  to  about  2  X  10-6  microcurie.  This  method  is  of  particular 
Ivantage  in  biological  work  where  20  milhmoles  of  carbon  are 
irmally  present  in  approximately  2  to  4  grams  of  tissue. 

With  the  electroscope  used,  the  discharge  rate  of  the  fiber  when 
lie  chamber  is  filled  with  20  milUmoles  of  nonradioactive  car- 
>n  dioxide  (background)  is  numerically  equal  to  about  4.3  small 
visions  per  hour.  On  the  basis  of  5  division  determinations 
0  minutes),  the  maximum  variation  in  background  was  usually 
|ss  than  3%  and  seldom  greater  than  5%.  This  variation  is 
mewhat  less  than  that  of  the  Lauritzen  electroscope  used  pre- 
ously  (4),  since  the  number  of  molecules  inside  the  ionization 
lamber,  and  thus  the  measured  ionization  resulting  from  each 
y,  does  not  depend  upon  the  room  temperature  and  barometric 
•essure;  probably  the  number  of  alpha-particles  emitted  per 
uare  centimeter  of  a  silvered  quartz  flask  is  less  than  that  of 
ass  [~6  a’s  per  sq.  cm.  per  hour,  (1)  ];  and  unlike  air  (30  a’s 
;r  hour  per  100  cc.),  the  number  of  alpha-particles  emitted  from 
ire  carbon  dioxide  is  not  measurable  (1 ). 

ANALYTICAL  PROCEDURE 

All  organic  compounds  containing  C14  are  oxidized  to  carbon 
oxide  by  the  standard  combustion  procedure.  The  issuing 
rises  are  dried  with  phosphorus  pentoxide,  and  the  carbon  di- 


The  experimental  determinations  for  two  independent  dilu¬ 
tion  series  are  given  in  Table  I.  The  concentration  of  the  least 
active  sample  (approximately  5  X  10” 5  microcurie  of  C14)  has 
been  arbitrarily  taken  as  unity. 

The  data  indicate  that  radioactive  analysis  to  2%  can  be  made 
on  all  carbon  samples  containing,  per  20  millimoles  of  carbon, 
activity  at  least  equal  to  the  background. 
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Analytical  Procedure  for  Measurement  of  Radioactive  Hydrogen  (Tritium) 
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A  quantitative  procedure  for  the  measurement  of  radioactivity  due 
to  H3  depends  upon  insertion  of  hydrogen  gas  in  a  quartz  ionization 
chamber  attached  to  a  Lauritzen  electroscope.  Radioactive  analysis 
of  organic  compounds  containing  H3  is  based  on  combustion  to 
water  and  the  quantitative  conversion  of  this  water  to  hydrogen.  A 
procedure  for  obtaining  tritium  water  samples  of  high  specific  ac¬ 
tivity  is  described. 

TRITIUM  (radioactive  hydrogen)  is  in  certain  respects  an 
ideal  tracer  element.  It  has  a  half-life  of  about  30  years  (7) 
and  samples  of  high  millicurie  strength  are  easily  obtainable. 
The  principal  difficulty  is  in  detection.  Tritium  (H3)  disinte¬ 
grates  into  He3  by  the  emission  of  a  beta-particle  of  maximum 
energy  ( 6 )  of  about  0.015  Mev.  This  energy  is  so  low  that  tritium 
must  be  detected  in  the  gaseous  phase. 

Semiquantitative  investigations  using  tritium  as  a  tracer  have 
been  made  principally  by  Ruben  and  co-workers  ( 8 ),  who  ana¬ 
lyzed  for  radioactivity  by  introducing  hydrogen  gas  containing 
H3  into  a  Geiger  counter.  Under  the  best  conditions,  radioactive 
analyses  by  this  procedure  are  limited  to  about  10  to  15%  accu¬ 
racy  because  hydrogen  is  not  an  ideal  counting  gas  (1);  and  be¬ 
cause  of  the  extreme  importance  of  the  nature  of  the  cathode  sur¬ 
face  and  traces  of  contaminants — e.g.,  mercury  vapor — in  the 
mechanism  of  Geiger  counter  discharge.  It  has  been  the  authors’ 
experience  that  the  continual  evacuation  and  refilling  of  counters 
are  not  practical  as  a  routine  procedure. 

Black  and  Taylor  (3)  have  obtained  reproducible  counting  by 
introducing  hydrogen  at  low  pressure  together  with  three  con¬ 
taminants  into  a  counter.  Unfortunately,  their  method  is  not 
adaptable  to  routine  analysis. 

Since  certain  planned  investigations  using  tritium  as  a  tracer 
necessitated  about  2%  accuracy,  it  was  decided  to  employ  a 
quartz  ionization  chamber  attached  to  the  Lauritzen  electroscope 
as  a  means  of  analyzing  the  relative  tritium  content  of  hydrogen 
gas.  This  detection  apparatus  has  been  used  successfully  for  the 
analysis  of  long-life  carbon  as  carbon  dioxide  (4). 

This  paper  evaluates  this  procedure  as  a  general  method  for  the 
radioactive  analysis  of  compounds  containing  tritium  as  a  tracer, 
and  describes  briefly  the  method  of  obtaining  tritium  samples  of 
high  specific  activity. 

PREPARATION  OF  TRITIUM  SAMPLES  OF  HIGH  SPECIFIC  ACTIVITY 

During  the  production  of  neutrons  by  the  interposition  of  a 
water-cooled  beryllium  target  in  the  deuteron  cyclotron  beam, 
two  nuclear  side  reactions  (3,  7)  take  place  which  lead  to  the 
formation  of  radioactive  hydrogen,  H3  (tritium,  T).  These  reac¬ 
tions,  the  first  of  which  gives  the  greater  yield  of  H3,  are: 

Be9  +  H2  =  H3  +  2He4(Be8)  (1) 

H2  +  H2  =  H3  +  H1  (2) 

A  significant  fraction  of  this  tritium  remains  trapped  inside 
the  beryllium  target,  probably  as  TD  gas.  The  tritium  is  re¬ 
moved  by  placing  the  target  in  a  quartz  tube  attached  to  a 
vacuum  apparatus.  The  tube  is  evacuated,  a  predetermined 
quantity  of  “carrier”  hydrogen  is  introduced,  and  the  tube  is  then 
heated  to  red  heat  for  about  15  minutes.  The  hydrogen  is  now 
oxidized  to  water  by  allowing  the  gas  to  come  in  contact  with  hot 
(300°  C.)  cupric  oxide.  The  water  is  condensed  out  into  a  trap 
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chilled  with  liquid  nitrogen.  At  the  completion  of  this  reaction 
the  degree  of  vacuum  will  be  the  same  as  before  the  introduction 
of  the  hydrogen,  and  thus  a  spark  discharge  serves  as  an  indicator. 

At  least  99%  of  the  tritium  initially  present  in  the  target  forim 
tritiated  water  by  the  above  process.  Both  water  and  hydrogen 
are  the  most  useful  general  starting  materials  for  the  synthesis  of 
compounds  containing  tritium.  In  view  of  the  ease  of  storage, 
water  was  chosen  as  the  end  product  of  the  above  process,  es¬ 
pecially  since  it  is  a  simple  matter  to  convert  water  quantita¬ 
tively  to  hydrogen. 

Three  samples  containing  tritium  have  been  prepared.  In 
each  case  the  amount  of  carrier  hydrogen  added  was  sufficient  to 
form  2  millimoles  (36  mg.)  of  water.  Two  of  these  preparations 
were  made  from  beryllium  targets  obtained  through  the  coopera¬ 
tion  of  J.  G.  Hamilton  of  the  Radiation  Laboratory,  Berkeley, 
Calif.  The  authors  are  indebted  to  H.  W.  Fullbright  of  Wash¬ 
ington  University,  St.  Louis,  for  the  beryllium  scrapings  of 
numerous  targets  employed  in  the  preparation  of  the  third 
sample.  As  data  on  the  cyclotron  bombardment  times  are  not 
available,  the  millicurie  strength  of  the  water  samples  cannot 
be  used  to  compute  yield  data. 

DETECTION  APPARATUS 

All  radioactive  analyses  are  made  on  hydrogen  gas  containing 
tritium  inside  a  quartz-ionization  chamber  attached  to  the  Lau¬ 
ritzen  electroscope.  This  apparatus  has  been  used  successfully 
for  the  detection  of  long-life  carbon  as  carbon  dioxide  (4)-  The 
substitution  of  H3  for  C14  necessitated  certain  minor  modifica¬ 
tions. 

Because  of  the  low  molecular  weight  of  hydrogen,  the  ion  trap 
is  not  necessary. 

The  chamber  is  filled  with  10  millimoles  of  hydrogen,  which  is 
equivalent  to  a  pressure  of  about  1  atmosphere.  This  quantity  of 
gas  is  sufficient  to  ensure  the  production  of  all  the  ionization 
(mainly  H2+  and  e~)  which  can  result  from  the  inelastic  colli¬ 
sions  of  tritium  beta-particles  with  hydrogen  molecules. 

The  potentials  of  the  silvered  surface  and  the  unit  consisting  of 
the  collecting  wRe,  repelling  post,  and  quartz  fiber  are  charged  to 


Figure  1.  Vacuum  Analytical  Apparatus  for  Measurement  of 
Tritium  Content  of  Water 
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-125  and  —125  volts,  respectively.  These  potentials  suffice 
jr  total  collection  of  the  ions.  . 

Owing  to  the  low  ionization  efficiency  of  hydrogen  gas,  the  dis- 
harge  rate  of  the  electroscope  fiber  is  exceedingly  slow  when  the 
mization  chamber  contains  10  millimoles  of  nonradioactive 
ydrogen.  Hence  to  facilitate  the  measurement  of  background 
nd  “weak”  samples,  a  20  X  eyepiece  containing  a  glass  scale  with 
.0254  mm.  graduations  is  substituted  for  the  standard  6  X  eye- 
iece  and  0.1-mm.  graduated  scale. 

For  this  particular  detection  apparatus,  the  background  rates 
re  numerically  equal  to  about  1.2  and  5  small  divisioos  per  hour, 
sspectively,  with  the  0.1-mm.  and  0.0254-mm.  graduated.scales. 

)n  the  basis  of  1-hour  determinations,  the  variations  in  this  back- 
round  were  identical  with  that  obtained  with  carbon  dioxide 
4) — namely,  a  maximum  variation  that  was  usually  less  than 
%,  and  seldom  greater  than  5%.  An  intercomparison  of  this 
etection  apparatus  with  a  Geiger  counter  filled  with  hydrogen 
ontaining  tritium  showed  that  the  relative  sensitivity  (activity / 
ackground)  of  the  ionization  chamber  is  about  40%  of  that  of  a 
ounter  of  identical  volume  filled  to  the  same  pressure.  Since 
ritium  is  readily  obtainable  with  high  specific  activity,  this  re¬ 
action  in  relative  sensitivity  is  trivial.  The  apparatus  is  capable 
f  quantitative  detection  of  about  10“ 4  microcurie  of  tritium  in 
0  millimoles  of  hydrogen. 

In  order  to  compare  the  dilution  factors  possible  with  tritium 
vith  respect  to  those  of  the  more  commonly  used  hydrogen 
racer,  deuterium,  let  us  consider  the  tritium  sample  prepared 
rom  targets  obtained  from  Washington  University  at  St.  Louis, 
fhis  sample,  as  prepared,  contained  about  1  millieurie  of  tritium 
n  2  millimoles  of  hydrogen;  the  dilution  factor  of  this  particular 
ample  is  at  least  5  X  107.  This  dilution  is  about  100-fold  greater 
han  that  possible  with  100%  deuterium.  Since  tritium  contain- 
ng  considerably  more  than  1  millieurie  total  activity  could  be 
eadily  prepared,  this  factor  can  still  be  increased  significantly. 

ANALYTICAL  PROCEDURE 

A  general  method  for  the  determination  of  tritium  activity  is 
rased  on  the  conversion  of  the  hydrogen  present  in  the  sample  to 
vater  by  the  combustion  method  and  the  reaction  of  this  water 
vith  magnesium  amalgam  to  form  hydrogen.  This  hydrogen  is 
,hen  introduced  into  the  ionization  chamber. 

The  quantitative  formation  of  water  by  direct  combustion  of 
in  organic  compound  in  oxygen  is  standard.  However,  instead  of 
ibsorbing  the  water  vapor,  it  is  condensed  in  a  weighed  U-tube 
drilled  with  a  dry  ice-ether  mixture.  The  weight  of  water  formed 
s  then  determined  by  reweighing  the  U-tube.  The  weight  of 
vater  used  for  the  production  of  hydrogen  is  about  220  =*=  20  mg. ; 
;hus  if  the  weight  of  the  water  formed  by  combustion  is  less  than 
200  mg.,  nonradioactive  (carrier)  water  is  added  dropwise  while 
;he  U-tube  is  on  the  balance;  if  this  weight  is  greater  than  240 
ng.,  the  water  is  well  stirred  and  a  rough  aliquot  is  used. 

Allen  and  Ruben  ( 1 )  converted  water  to  hydrogen  by  reaction 
vith  magnesium  at  620  °  C.  The  addition  of  mercury  to  the  mag- 
lesium  turnings  lowers  the  temperature  to  400°  C.  and  a  Pyrex 
vessel  can  be  employed. 

About  2  grams  of  magnesium  turnings  and  3  grams  of  mercury 
ire  introduced  into  a  250-cc.  reaction  flask  (K,  Figure  1)  and  are 
veil  mixed.  The  flask  and  U-tube  containing  the  water  are 
;hen  attached  to  a  3-way  stopcock  by  means  of  ground  joints, 
is  indicated  in  the  upper  left  corner  of  Figure  1.  The  water  is 
rozen  with  liquid  nitrogen  and  this  system  is  evacuated.  All  the 
vater  is  vacuum-distilled  into  the  reaction  flask;  the  flask  is  then 
sealed  off  at  the  indicated  constriction.  Before  placing  the  flask  in 
in  electric  furnace,  the  contents  are  well  shaken  in  order  to  dis¬ 
perse  the  magnesium  amalgam  throughout  the  inside  surface. 
One  hour  at  400°  C.  suffices  for  complete  production  of  hydro¬ 
gen. 

Storage  bulb  A  contains  nonradioactive  hydrogen  for  the  pur¬ 
pose  of  determining  background.  Storage  bulb  C  contains  a  refer¬ 
ence  sample  of  tritium;  during  routine  analysis  this  standard  is 
measured  daily  and  then  toepplered  back  into  C.  The  mixing 
chamber,  D,  enables  the  dilution  of  samples  which  are  too  active 
to  measure  accurately.  The  fritted  disk,  O,  prevents  spillage  of 
the  mercury  in  the  Toeppler  pump  into  the  remainder  of  the 
vacuum  system.  The  mercury  manometer,  M,  measures  the 
pressure  of  the  hydrogen  gas  introduced  into  the  ionization  cham- 


Table  I.  Radioactive  Measurements  as  a  Function  of  Tritium  Content 

in  Benzene 

(Dilution  experiments.  H3  concentration  in  least  active  benzene  sample  is 
chosen  as  unity.  Radioactivity  measurements  are  expressed  as^  ratio®  of 
net  activity  to  average  background  measured  as  hydrogen  gas  in  ionization 
ehamber-Lauritzen  electroscope  detection  apparatus.) 


Relative 

H3  Concentration, 

Ci 

Radioactive  Measurements 
Observed,  Expected*, 

Ri  Ri 

Average 

Deviation, 

% 

2.59 

474 

479 

Av. 

476 

472 

0.7 

65.7 

117.4 

120.7 

Av. 

119 

120 

0.8 

14.6 

26.6 

25.8 

Av. 

26.2 

26.5 

1.1 

3.79 

7.06 

6.87 

Av. 

6.97 

6.90 

0.9 

1.00 

1.81 

1.88 

Av. 

1.85 

1.82 

1.4 

®  This  ratio  includes  factor  Wl  U  2-  where  wi  is  weight  of  water  obtained 

w  1 

from  benzene  combustion  and  wi  is  weight  of  nonactive  water  added  to 
bring  total  weight  above  200  mg.  In  each  case  this  factor  was  about  2r  B.na 
thus  ratios  of  activities  measured  as  hydrogen  to  background  are  l/2  of 
the  values  given  in  table. 

b  Ri  =  Ci  log  Ci  expresses  the  {act  that  the  accuracy  of  measure- 

2  log  Ci  _  _  j  •  •  • 

ment  increases  somewhat  with  concentration  of  radioactivity. 


ber,  E.  Since  the  volume  of  the  ionization  chamber  and  the 
manometer  were  calibrated,  the  number  of  millimoles  introduced 
can  be  calculated. 

The  ionization  chamber  is  always  filled  with  10  millimoles  ol 
hydrogen  (about  70  cm.).  In  view  of  the  unavoidable  deaxt  space 
during  the  toepplering  of  gas  from  the  reaction  flask,  J ,  into  the 
ionization  chamber,  E,  at  least  200  mg.  (11  millimoles)  of  water 
must  be  used  for  conversion  to  hydrogen. 

The  relative  amount  of  tritium  present  in  the  original  sample 
analyzed  is  computed  from  the  weight  of  water  formed  during 
the  combustion  process  and  any  additional  carrier  water  added, 
together  with  the  discharge  rates  of  the  electroscope  fiber  when 
the  ionization  chamber  is  filled  with  the  hydrogen  generated 
from  this  water,  the  reference  standard  in  bulb  C,  and  nonradio¬ 
active  hydrogen,  respectively. 

The  threefold  difference  in  mass  between  Hl  and  H3  may  result 
in  a  considerable  difference  in  reaction  rates  during  any  process 
involving  either  these  atoms  or  the  ions.  In  order  to  ensure 
completion  of  the  chemical  reactions  in  the  above  analytical  pro¬ 
cedure,  radioactive  analyses  were  made  on  radiobenzene  pro¬ 
gressively  diluted  with  nonradioactive  benzene.  The  radio¬ 
benzene  was  prepared  by  the  nickel-catalyzed  exchange  between 
TH  and  the  hydrogens  of  benzene;  this  method  was  used  by 
Polanyi  and  co-workers  for  the  partial  deuteration  of  benzene  (5). 

In  order  to  include  in  the  final  computations  both  the  weight 
of  the  water  produced  by  combustion  and  the  weight  of  carrier 
water  required  to  bring  the  total  weight  above  200  mg.,  about  160 
mg.  of  benzene  (about  6  millimoles  of  hydrogen)  were  analyzed  in 
each  case.  These  experiments  also  evaluate  the  quartz  ionization 
chamber  as  an  apparatus  for  the  determination  of  relative  con- 
ccntr&tions  of  H 

The  data  are  presented  in  terms  of  the  following  equation: 

[(d/o.  -(d/t)b)  m 


{d/Ob 

where  Wi  is  weight  of  water  resulting  from  the  benzene  combus¬ 
tion,  w2  is  the  weight  of  the  carrier  water  added ;  d  is  the  distance 
traversed  by  the  electroscope  fiber  in  time  t ,  s  indicates  sample, 
and  b  denotes  background.  The  usual  distance  traversed  by  the 
fiber  during  measurements  was  10  small  divisions,  although  no 
samples  were  measured  for  periods  longer  than  about  one  hour; 
at  least  duplicate  readings  were  made. 

The  radioactive  analyses  of  duplicate  benzene  samples  are 
given  in  Table  I.  The  concentration  of  the  least  active  tri- 
tiated  benzene  sample  (approximately  3  X  10~4  microcurie  of 
tritium)  has  been  arbitrarily  taken  as  unity. 
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The  data  in  Table  I  indicate  that  no  detectable  isotope  separa¬ 
tion  takes  place  in  the  analytical  procedure  given  here.  Further¬ 
more,  radioactive  analysis  to  2%  can  be  made  on  organic  com¬ 
pounds  which  contain  enough  tritium,  per  10  millimoles  of  hydro¬ 
gen  gas,  to  give  an  activity  at  least  equal  to  background. 
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The  relative  amounts  of  hydroperoxide  in  natural  rubber  or  syn¬ 
thetic  polymers  can  be  determined  by  allowing  the  peroxide  to 
react  with  ferrous  iron  in  benzene-methanol  solution,  using  o-phe- 
nanthroline  as  a  color  reagent  for  the  excess  ferrous  iron.  The 
method  gives  results  reproducible  to  about  20%  on  a  given  rubber 
solution,  but  sampling  difficulties  may  cause  larger  variations  on 
solid  samples.  The  procedure  as  written  is  sensitive  to  10  or  20 
p.p.m.  of  active  oxygen,  calculated  on  the  solid  polymer  and  it  can 
be  easily  made  sensitive  to  1  p.p.m.  by  increasing  the  sample  size 
and  compensating  for  its  color.  Evidence  is  presented  to  show  that 
the  results  with  any  ferrous  iron  procedure  are  high  and  have  only 
relative  significance. 

FERROUS  iron  has  been  used  as  a  reagent  for  the  determina¬ 
tion  of  peroxide  by  numerous  investigators.  Yule  and 
Wilson  (12)  estimated  peroxide  in  cracked  gasoline  by  shaking 
with  an  acid  solution  of  ferrous  thiocyanate  and  back-titrating 
the  resulting  ferric  salt  with  titanous  chloride.  The  method  was 
criticized  by  Young,  Vogt,  and  Nieuwland  (11),  who  used  the 
color  of  the  resulting  ferric  thiocyanate  complex  as  a  basis  for  a 
colorimetric  determination  of  peroxide.  In  this  procedure  meth¬ 
anol  was  used  as  the  solvent.  Bolland  et  al.  (1)  modified  the 
method  to  enable  rubber  samples  to  be  analyzed  by  changing  the 
solvent  to  a  mixture  of  benzene  and  methanol  (73%  benzene  by 
volume). 

For  determining  peroxide  in  GR-S  (butadiene-styrene  co¬ 
polymer)  and  other  butadiene  copolymers  it  would  be  desirable 
to  employ  a  solvent  rich  in  benzene,  since  these  polymers  tend 
towards  insolubility  upon  oxidation.  A  solvent  composed  largely 
of  benzene  would  also  improve  the  sensitivity  of  the  determina¬ 
tion,  since  larger  quantities  of  polymer  could  be  dissolved  in  a 
given  volume  of  solvent. 

There  are  several  disadvantages  inherent  in  the  use  of  thio¬ 
cyanate  as  a  color  reagent  for  iron  (10).  The  intensity  of  the 
color  depends  upon  the  concentration  of  thiocyanate  and  upon 
the  acid  concentration,  and  varies  with  the  presence  of  various 
ions  which  form  complexes  with  iron.  In  practice,  a  large  excess 
of  thiocyanate  is  used  to  lower  the  effects  of  acid  and  interfering 
ions  and  to  give  a  closer  approximation  to  Beer’s  law.  The  red 
color  of  the  ferric  thiocyanate  complex  is  somewhat  unstable,  re¬ 
quiring  colorimeter  readings  to  be  made  without  undue  delay. 
The  ferrous  thiocyanate  reagent  of  Bolland  et  al.  (1)  and  Robey 
and  Wiese  (7)  is  so  unstable  that  it  must  be  freshly  prepared  every 
few  hours  and  stored  in  the  dark. 

The  advantages  of  o-phenanthroline  as  a  color  reagent  for  iron 
have  been  recognized  by  many  investigators  (3,  8,  9,  10).  Its 
complex  with  ferrous  iron  is  very  stable,  its  solutions  showing  no 
change  in  color  for  many  months.  Beer’s  law  is  closely  obeyed. 


The  intensity  is  not  so  strongly  affected  by  the  concentration  ( 
excess  reagent  or  of  acid,  as  in  the  case  of  the  thiocyanate  con 
plex.  Since  large  concentrations  of  inorganic  salts  are  not  neede( 
it  should  be  possible  to  use  a  solvent  consisting  largely  of  bei 
zene,  with  only  a  small  amount  of  methanol.  Solutions  of  fe: 
rous  salts  in  methanol  under  nitrogen  and  o-phenanthroline  i 
benzene  are  stable  and  can  be  stored  indefinitely  without  notic< 
able  change. 

The  effects  of  complexing  agents  on  the  oxidation  potenti; 
of  the  ferrous-ferric  ion  system  are  of  interest.  Thiocyanal 
lowers  the  oxidation  potential,  making  the  oxidation  of  the  fe; 
rous  ion  proceed  more  readily.  This  shift  is  advantageous  i 
making  the  reagent  very  reactive  toward  polymer  peroxides  bi 
also  accounts  for  its  extreme  sensitivity  to  air  oxidation,  i 
Phenanthroline  has  just  the  opposite  effect  (4) ;  the  ferrous  i 
phenanthroline  complex  is  not  appreciably  oxidized  by  polymt 
peroxides,  and  it  is  entirely  stable  with  respect  to  air  oxidatioi 
To  increase  the  reactivity  with  polymer  peroxides,  uncomplexe 
ferrous  iron  was  first  tried  as  a  reagent.  As  will  be  seen  behw 
satisfactory  results  were  obtained  under  the  proper  condition 
provided  that  no  antioxidant  was  present  in  the  polymer.  I 
the  presence  of  antioxidant,  incomplete  reduction  of  rubb< 
peroxide  was  observed.  It  was  found  that  the  addition  of  pho; 
phoric  acid  (which  lowers  the  ferrous-ferric  oxidation  potentia 
made  the  reaction  proceed  satisfactorily  even  in  the  presence  < 
antioxidant.  Nitric  acid  was  added  to  prevent  a  color  due  1 
solvolysis  of  ferric  iron. 

Farmer  and  Sutton  (2)  observed  that  natural  rubber  forn 
only  peroxides  of  the  hydroperoxide  type.  In  the  present  invest 
gation,  numerous  synthetic  polymers,  including  polyisopren 
polybutadiene,  and  copolymers  of  isoprene  or  butadiene  wit 
styrene,  acrylonitrile,  and  other  vinyl-type  monomers,  we: 
found  to  form  peroxides  which  reacted  at  the  same  rate  as  nati 
ral  rubber  peroxides  with  the  text  reagent.  Since  disubstitutf 
organic  peroxides  failed  to  react  (2),  this  observation  is  evidem 
that  all  the  polymers  studied  form  peroxides  of  the  hydroperoxic 
type. 

PROCEDURE 

This  method  is  intended  for  the  determination  of  relath 
amounts  of  hydroperoxides  in  natural  rubber,  and  various  sy: 
thetic  polymers  and  copolymers.  It  is  applicable  only  to  hydr 
peroxides,  and  except  for  this  limitation  it  can  be  used  general 
for  compounds  of  low  molecular  weight  as  well  as  high  polymei 

Preparation  of  Solutions.  Ferrous  Iron  Solution.  R 
move  the  dissolved  oxygen  from  1  liter  of  methanol  by  bubblii 
nitrogen  through  it  for  30  minutes.  Dissolve  19.605  grams 
ferrous  ammonium  sulfate  hexahydrate,  FeSO^NH^SCh.OHjf 
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i  the  methanol  containing  13.9  ml.  of  concentrated  sulfuric 
cid  to  make  the  solution  about  0.25  M  in  sulfuric  acid.  If  stored 
nder  an  atmosphere  of  nitrogen,  this  solution  is  stable  for  a  long 
ime.  For  use  over  a  period  of  a  few  days,  10-ml.  portions  can  be 
flowed  to  stand  in  air. 

Each  day  a  0.002  N  working  solution  is  prepared  by  diluting 
ml.  of  the  0.05  N  solution  to  50  ml.  with  methanol  but  without 
ddingacid. 

Nitric  Acid-Methanol  Solution.  Add  1  ml.  of  concentrated 
dtric  acid  to  20  ml.  of  methanol  slowly  and  with  cooling.  One 
(lilliliter  of  this  solution  provides  0.05  ml.  of  concentrated  nitric 
cid. 

Phosphoric  Acid-Methanol  Solution.  Prepare  altf  stock  solu- 
ion  by  adding  6.75  ml.  of  85%  phosphoric  acid  (14.8  M)  to 
ufficient  methanol  to  prepare  100  ml.  of  solution.  Dilute  the 
M  solution  to  0.04  M  for  use  as  a  working  solution;  0.5  ml.  of 
1.04  M  solution  provides  0.02  millimole  of  phosphoric  acid. 

o-Phenanthroline  Solution.  Dissolve  1  gram  of  o-phenanthro- 
ine  monohydrate  in  1000  ml.  of  thiophene-free  benzene. 

Analysis  of  Unknown  Samples.  Pipet  1  ml.  of  rubber  solu- 
ion  (containing  about  1  gram  of  polymer  per  100  ml.  of  benzeue) 
nto  a  50-ml.  volumetric  flask.  Add  about  25  ml.  of  thiophene-free 
lenzene,  washing  any  polymer  solution  from  the  sides  of  the  flask. 
Idd  1  ml.  of  nitric  acid-methanol  solution  and  0.5  ml.  of  0.04  M 
ihosphoric  acid  (methanol),  shaking  well  after  each  addition. 
3ipet  1  ml.  of  0.002  M  ferrous  iron  into  the  flask,  shake  well,  and 
dlow  the  mixture  to  stand  at  least  15  minutes.  Add  3  to  5  ml.  of 
i-phenanthroline  solution  and  make  up  to  50  ml.  with  thiophene- 
ree  benzene.  Read  the  transmission  value  at  508  m/i  with  a  spec- 
,ro photometer  or  use  a  photoelectric  colorimeter  provided  with  a 
liter  showing  maximum  transmission  at  500  or  510  mu  (pref- 
irably  not  520  m/i),  comparing  the  transmission  with  that  of 
lenzene.  ,  .  . 

If  the  transmission  value  lies  between  50  and  70%,  calculate 
he  active  oxygen  content  as  shown  below.  Otherwise,  estimate 
,he  adjustment  necessary  in  sample  size  required,  and  repeat  the 
letermination.  For  samples  of  entirely  unknown  peroxide  con- 
ent,  it  is  advisable  to  vary  the  sample  size,  using  0.1,  1,  and  10 
ll.  of  polymer  solution  in  the  preliminary  estimation.  If  a  10- 
il.  sample  is  used,  or  if  the  sample  is  highly  colored,  a  diluted 
enzene  solution  of  polymer  should  be  used  instead  of  benzene  for 
ie  comparison  liquid  in  the  optical  measurement. 
Construction  of  Calibration  Curve.  Using  a  graduated 
-ml.  pipet,  add  the  following  amounts  of  0.002  N  ferrous  iron 
ilution  to  a  series  of  50-ml.  volumetric  flasks:  0.2,  0.4,  0.6,  0.8, 
nd  1.0  ml.  Add  about  25  ml.  of  benzene  to  each  flask,  washing 
lie  walls  carefully.  Complex  the  ferrous  iron  with  3  to  5  ml.  of 
-phenanthroline  solution  and  make  up  to  50  ml.  with  benzene, 
'ake  colorimeter  or  spectrophotometer  readings  relative  to  ben- 
ene. 

Compute  the  optical  density  of  each  solution  from  the  equation 
)  =  log  Jo//,  and  construct  a  graph  of  optical  density  against 


Table 

1.  Effect  of  Sulfuric  Acid 

on  Ferric  Complex 

0.002  N 

Iron 

Complexed 

Concentrated 

H2SO4 

Time  of  i 

Standing 

Transmission 

Ml. 

Ml. 

ti,  min. 

(2,  min. 

h.  % 

Ii,  % 

1.0 

0.00 

95 

1200 

87 

85 

1.0 

0.02 

95 

1200 

98 

97 

1.0 

0.05 

95 

1200 

99.5 

98.5 

1.0 

0.08 

95 

1200 

99.5 

99 

1.0 

0.0 

90 

360 

81 

78 

1.0 

0.1 

90 

360 

100 

99 

1.0 

0.2 

90 

360 

100 

100 

1.0 

0.4 

90 

360 

100 

100 

3.0 

0.0 

90 

1200 

80 

80 

3  0 

0. 1 

90 

1200 

99 

78 

1  3.0 

0.2 

90 

1200 

98.5 

98 

3.0 

0.4 

90 

1200 

99 

99 

Table  II. 

Effect  of  Sulfuric  Acid  on  Ferrous  Co 

mplex 

0.002  N 

Iron  Complexed 

Concentrated 

H2S04 

Time  of  Standing 

Transmission 

Ml. 

Ml. 

Min. 

% 

1.0 

0.00 

45 

34 

1.0 

0.02 

45 

62 

1.0 

0.05 

45 

68.5 

1.0 

0.08 

45 

69 

1.0 

0.0 

45 

34 

1.0 

0.1 

45 

62 

1.0 

0.2 

45 

65 

1.0 

0.4 

45 

69 

0.002  N 

Iron 

Complexed 

Table  III.  Effect  of  Nitric  Acid 

On  Ferric  Complex 

Concentrated 

HNO3  Time  of  Standing 

Transmission 

Ml. 

Ml. 

ti,  min.  t2 

min. 

.a,  % 

J-  2,  Vo 

1  0 

0.00 

15 

60 

94 

94 

1  0 

0.02 

15 

60 

95 

95 

1.0 

1.0 

0.05 

15 

60 

95 

95 

0.08 

15 

60 

95 

94.5 

1.0 

0. 

960 

76.5 

1.0 

0.2 

960 

96 

1.0 

0.5 

960 

96 

1.0 

1.0 

960 

98 

1  0 

On  Ferrous  Complex 

0.00  15 

60 

34 

34 

1.0 

1  0 

0.02 

15 

60 

34 

34.5 

0.05 

15 

60 

34 

34. 5 

1.0 

0.08 

15 

60 

34 

34. 5 

1.0 

0.0 

960 

34 

1.0 

0. 1 

960 

36 

1.0 

0.3 

960 

83 

•  • 

1.0 

0.5 

960 

95 

concentration  of  iron  (expressed  as  equivalents  of  ferrous  iron  per 
50  ml.).  A  straight  line,  corresponding  to  Beer’s  law,  should  be 
obtained. 

Calculations.  From  the  calibration  curve  the  amount  of 
iron  remaining  unoxidized  can  be  read  directly.  By  difference 
the  amount  of  iron  oxidized  is  determined.  Each  equivalent  of 
iron  oxidized  corresponds  to  one  equivalent  or  8  grams  of  active 
oxygen.  The  active  oxygen  content  is  calculated  as  parts  per 
million  parts  of  solid  polymer.  If  a  polymer  is  only  partly  soluble, 
the  concentration  of  the  soluble  polymer  is  determined  by  evapo¬ 
ration  of  an  aliquot  portion  of  the  solution,  and  the  calculation 
is  based  on  the  soluble  part  only. 

(A  —  B)  X  8  X  106  _  micr0grams  0f  active  oxygen  per  gram  of 
C  XV  polymer  =  p.p.m.  active  oxygen 

where  A  =  equivalents  of  ferrous  iron  taken 

B  =  equivalents  of  ferrous  iron  remaining 
C  =  concentration  of  polymer  grams  per  ml.  of  benzene 
V  =  ml.  of  polymer  solution  used 


DEVELOPMENT  OF  METHOD 

Spectrophotometric  Curves  of  Standard  Iron  Solutions. 
A  0.05  N  stock  solution  of  ferrous  iron  was  prepared  by  dissolving 
ferrous  ammonium  sulfate,  FeSO^NH^SO^flHsO,  in  air-free 
methanol  with  sufficient  concentrated  sulfuric  acid  added  to  make 
the  solution  0.25  M  in  acid.  The  solution  was  stored  under 
nitrogen  and  by  occasional  titration  with  ceric  sulfate  was  found 
to  be  stable  indefinitely.  A  0.002  N  working  solution  was  freshly 
prepared  each  day  by  diluting  2  ml.  of  the  stock  solution  to  50 
ml. "with  methanol. 

A  0.1%  solution  of  o-phenanthroline  in  benzene  was  used  as  the 
indicator  solution.  Various  amounts  of  iron  from  2.5  X  10  4 
to  2  5  X  10~3  milliequivalent  were  treated  with  6  ml.  ol  indicator 
solution,  and  diluted  to  25  ml.  with  benzene,  and  the  absorption 
curves  were  determined  with  a  Cenco-Sheard  spectrophotel- 
ometer.  In  agreement  with  Fortune  and  Mellon  (3)  for  aqueous 
solutions,  the  maximum  absorption  was  found  at  508  m/i. 

Calculation  of  the  optical  density  at  the  wave  length  of  maxi¬ 
mum  absorption  and  plotting  against  concentration  showed  that 
Beer's  law  was  being  closely  followed  over  the  concentration  range 
studied. 

Effect  of  Acids  on  Ferrous  and  Ferric  Complexes.  Pre¬ 
liminary  experiments  showed  that  while  the  concentration  of 
excess  indicator  could  be  varied  over  wide  limits  without  affecting 
the  absorption  at  508  m/i,  the  acidity  of  the  solution  is  of  consider¬ 
able  importance.  If  the  acidity  is  too  low,  the  ferric  ion  shows 
appreciable  absorption,  apparently  because  of  partial  solvolysis 
of  the  o-phenanthroline  complex.  Upon  complete  oxidation  of  a 
solution  of  ferrous  iron,  the  usual  yellow  color  of  ferric  iron  ap¬ 
peared.  When  o-phenanthroline  was  added,  a  deeper  yellow  color 
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Table  IV. 

Effect  of  Ti 

me.  Temperature, 

and  Acid  or 

i  the 

Reaction 

of  Rubber  Peroxides 

and  Ferrous  Iron 

Con- 

Tem- 

centra ted 

pera- 

Time  of 

Time  after 

hno3 

ture 

Reaction 

Complexing 

Transmission 

Ml. 

Min. 

ti. 

ti. 

/.,% 

Ii,  % 

min. 

min. 

0. 1 

Cold 

5 

30 

64 

0.1 

Cold 

10 

30 

67.5 

0. 1 

Cold 

15 

30 

960 

69 

64 

0.1 

Cold 

20 

30 

69.5 

0.1 

Cold 

30 

DO 

180 

69.5 

68 

Cold 

30 

40 

64 

6i 

Hot 

15 

30 

960 

66 

62 

Hot 

15 

30 

960 

67 

60 

o.i 

Hot 

30 

30 

960 

70 

66 

Hot 

30 

30 

960 

70 

64 

o.i 

Hot 

60 

30 

120 

70 

69.5 

Table  V.  Effect  of  Concentration  of  Excess  Ferrous  Iron 


Polymer 

Solution 

0.002  N 
Ferrous 
Iron 

Time  after 
Complexing 

Transmission 

Active1* * 

Oxygen 

Ml. 

Ml. 

ti, 

min. 

ti, 

min. 

Ii, 

% 

1*2, 

% 

P.p.m. 

0.2 

1.0 

10 

180 

43.5 

43 

2230 

0.4 

1.0 

10 

180 

51 

50 

1730 

0.6 

1.0 

10 

180 

59 

57 

1550 

0.8 

1.0 

10 

67 

1470 

1.0 

1.0 

10 

70 

1220 

1.2 

1.0 

10 

77 

1150 

1.4 

1.0 

10 

83 

1080 

0.4 

0.4 

60 

86 

1380 

0.4 

0.8 

60 

61 

1540 

0.4 

1.0 

60 

51 

1730 

0.4 

1.2 

60 

40 

1610 

1.0 

0.8 

30 

82.8 

1120 

1.0 

1.0 

30 

70.0 

1220 

1.0 

1.2 

30 

62.5 

1390 

1.0 

1.4 

30 

47.0 

, . 

1280 

a  Calculated  as  parts  of  active  oxygen  (equivalent  weight  =  8)  per  million 
parts  of  dry  polymer. 


appeared  instead  of  the  usual  blue  color  obtained  in  aqueous  solu¬ 
tions.  With  a  larger  excess  of  acid,  absorption  at  508  m/a  by  the 
ferric  complex  could  be  eliminated,  but  the  ferrous  o-phenanthro- 
line  complex  then  became  unstable. 

A  series  of  experiments  was  performed  in  which  conditions 
were  sought  that  would  give  the  maximum  transmission  for  ferric 
iron  and  the  minimum  for  ferrous  iron  at  508  mg.  In  each  ex¬ 
periment  a  known  amount  of  standard  ferrous  ammonium  sulfate 
in  methanol  or  standard  ferric  chloride,  prepared  by  dissolving 
sublimed  ferric  chloride  in  methanol,  was  used.  The  iron  solu¬ 
tion,  in  a  50-ml.  volumetric  flask,  was  treated  with  25  ml.  of 
benzene.  Five  milliliters  of  0.1%  benzene  solution  of  o-phenan- 
throline  were  added.  After  addition  of  the  acid  being  investi¬ 
gated  and  just  sufficient  methanol  (1  to  2  ml.)  to  keep  the  acid  in 
solution,  the  volume  was  made  up  to  50  ml.  with  benzene.  The 
spectrophotometric  transmission  value  was  determined  at  508  mg 
at  different  time  intervals  after  complexing,  using  benzene  as  a 
comparison  liquid. 

• 

The  results  for  sulfuric  acid  are  shown  in  Tables  I  and  II  and 
for  nitric  acid  in  Table  III. 

Similar  data  for  trichloroacetic  acid  showed  that  the  ferrous 
complex  was  unaffected  but  that  the  absorption  by  the  ferric 
complex  could  not  be  removed.  Hydrochloric  acid  prevented 
absorption  by  the  ferric  complex  but  decomposed  the  ferrous 
complex. 

Nitric  acid  is  the  only  acid  tried  that  will  remove  the  absorp¬ 
tion  by  the  ferric  complex  at  508  mg  and  yet  not  affect  the  ferrous 
complex.  Not  more  than  0.1  ml.  of  concentrated  acid  can  be 
used  per  50  ml.  of  solution.  Using  this  amount  of  acid,  the  ab¬ 
sorption  by  the  ferrous  complex  is  not  affected,  and  only  5% 
absorption  is  found  for  the  ferric  complex. 

Effect  of  Time,  Temperature,  and  Acid  on  Reaction 
between  Polymer  Peroxide  and  Ferrous  Iron.  A  polymer 
of  relatively  high  peroxide  content  was  desired. 

A  laboratory  GR-S  sample  was  heated  in  air  at  70  °  for  2  hours. 
The  polymer  was  allowed  to  stand  with  100  ml.  of  benzene  for 
each  gram  of  polymer:  the  gel  was  filtered  off  with  a  100-mesh 
stainless  steel  screen.  The  resulting  solution  contained  0.0088 


gram  of  soluble  polymer  per  ml.  Preliminary  experiments  shower 
that  1  ml.  of  this  polymer  solution  gave  a  convenient  extinctioi 
value  when  allowed  to  react  with  1  ml.  of  0.002  N  ferrous  iron. 

Experiments  were  run  as  described  in  the  previous  section,  usin; 
1  ml.  of  polymer  solution,  1  ml.  of  0.002  N  ferrous  iron,  and  0. 
ml.  of  nitric  acid,  except  as  noted.  The  solutions  containini 
ferrous  iron,  polymer,  and  acid  were  allowed  to  stand  variou 
lengths  of  time  at  room  temperature  before  the  o-phenanthrolin 
was  added.  No  oxidation  of  iron  occurred  in  the  presence  of  th 
indicator.  In  certain  experiments  the  mixture  was  heated  t 
boiling  and  kept  at  the  boiling  point  for  the  desired  time.  Ii 
these  instances  the  acid  was  not  added  until  after  cooling  am 
complexing,  as  the  acid  would  oxidize  the  ferrous  iron  in  hot  solu 
tions. 

The  data  in  Table  IV  indicate  that  the  reaction  between  poly 
mer  peroxide  and  ferrous  iron  is  complete  in  15  minutes  at  roor 
temperature  if  acid  is  present.  No  increase  in  transmission  wa 
obtained  by  heating  up  to  60  minutes.  The  final  solutions  wer 
stable  with  respect  to  transmission  values  for  periods  of  1  to 
hours,  with  only  slight  effects  over  longer  periods  of  time.  In  a 
cases  a  more  stable  color  was  obtained  in  the  presence  of  acid. 

Effect  of  Concentration  of  Excess  Ferrous  Iron.  T 
determine  whether  an  excess  of  ferrous  iron  is  necessary  for  com 
plete  reduction  of  the  rubber  peroxides,  the  same  polymer  solu 
tion  and  procedure  were  used  as  in  the  previous  section,  allowin 
reaction  times  of  15  and  30  minutes  at  room  temperature.  Th 
results  are  given  in  Table  V. 

From  Table  V  it  appears  that  with  an  increasing  excess  c 
ferrous  iron  a  higher  apparent  peroxide  content  is  in  general  oh 
tained.  As  is  shown  below,  this  trend  is  caused  by  a  variabl 
amount  of  air  oxidation  of  the  excess  ferrous  iron.  By  limitin 
the  observed  transmission  range  to  50  to  70%,  a  maximum  dev: 
ation  of  around  ±20%  in  apparent  peroxide  content  is  allowec 
according  to  Table  V.  Considering  the  difficulty  of  samplin 
solid  polymers  and  the  relative  nature  of  the  method,  this  var; 
ation  is  not  serious  for  following  trends  in  polymer  peroxides. 

Effect  of  Antioxidant.  To  determine  the  effect  of  anti 
oxidant,  2%  of  phenyl-0-naphthylamine  (based  on  the  dry  poly 
mer)  was  added  to  the  polymer  solution  already  studied.  Wit 
antioxidant  present,  hardly  any  oxidation  of  the  ferrous  iro 
occurred  either  at  room  temperature  or  upon  heating. 

Effect  of  Phosphoric  Acid  in  Preventing  Interferenc 
by  Antioxidant.  Experiments  designed  to  increase  the  ease  c 
oxidation  of  ferrous  iron  by  lowering  the  ferrous-ferric  ion  ox 
dation  potential  were  carried  out.  Fluoride  and  phosphoric  aci 
were  used  as  complexing  agents.  After  preliminary  experiment: 
phosphoric  acid  was  adopted  to  avoid  the  etching  effect  c 
fluorides.  The  optimum  concentrations  of  phosphric  and  nitri 
acids  were  found  by  a  study  of  the  spectrophotometric  absorj: 
tion  at  508  m^  of  the  ferrous  and  ferric  o-phenanthroline  con 
plexes  in  the  absence  of  peroxides.  The  same  procedure  was  use 
as  for  ferrous  and  ferric  complexes  above,  with  the  addition  c 
phosphoric  acid  in  the  form  of  a  methanol  solution.  The  result 
appear  in  Table  VI.  In  each  experiment  1.00  ml.  of  0.002  N  fei 
rous  or  ferric  iron  was  treated  with  various  amounts  of  pho- 
phoric  and  nitric  acids,  o-phenanthroline  was  added,  and  th 
volume  brought  to  50  ml. 

Even  small  amounts  of  phosphoric  acid  exert  an  adverse  effec 
on  the  ferrous  complex  if  no  nitric  acid  is  present,  presumably  b 
pulling  the  ferrous  iron  away  from  the  o-phenanthroline  com  pie: 
A  small  amount  of  nitric  acid,  by  suppressing  the  ionization  of  th 
phosphoric  acid,  prevents  the  interference.  Phosphoric  acid  ha 
a  desirable  effect  on  the  ferric  iron  in  decreasing  the  absorption  b 
forming  the  colorless  ferric  phosphate  complex.  From  these  re 
suits  it  was  decided  that  0.02  millimole  of  phosphoric  acid  an 
0.05  ml.  of  concentrated  nitric  acid  per  50  ml.  are  the  optimur 
amounts. 

To  determine  whether  phosphoric  acid  prevents  the  interfei 
ence  by  phenyl-/3-naphthylamine,  the  polymer  solution  contain 
ing  antioxidant  was  tried  with  a  reaction  time  of  20  minutes  befor 
adding  the  indicator.  The  results  are  shown  in  Table  VII.  i 
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Table  VI.  Effect  of  Phosphoric  Acid 


|  Con- 
entrated 
HNOa 

HjPOi 

Time 

Milli¬ 

<i. 

j  Ml. 

moles 

min. 

0.0 

0.00 

On  Ferrous 

30 

0.0 

0.008 

30 

0.0 

0.02 

30 

j  0.0 

0.04 

30 

0.05 

0.00 

20 

0.05 

0.008 

20 

0.05 

0.02 

20 

0.05 

0.04 

20 

i  0.1 

0.00 

25 

0.1 

0.008 

25 

0.1 

0.02 

25 

0.1 

0.04 

25 

0.05 

0.00 

On  Ferric 

35 

0.05 

0.008 

35 

0.05 

0.02 

35 

0.05 

0.04 

35 

of  Standing  Transmission 


ti, 

h. 

U. 

min. 

% 

% 

Complex 

34 

40.3 

43.3 

44.3 

180 

34.0 

33.0 

180 

33.9 

35.0 

180 

34.0 

35.9 

180 

34.5 

36.5 

180 

35 

36 

180 

36 

39 

180 

36 

39 

180 

36 

39 

Complex 

95 

i20 

97 

97 

120 

97 

97 

120 

98 

98 

ble  VII.  Oxidation  of  Ferrous  Iron  in  Presence  of  Antioxidant 


’olymer 

olution 

0.002  M 
Ferrous 
Iron 

Time  after 
Complexing 

Transmission 

Active 

Oxygen 

Ml. 

Ml. 

Min. 

% 

P.p.m . 

0.2 

1.0 

15 

44 

2230 

0.4 

1.0 

15 

51.5 

1770 

0.6 

1.0 

15 

59.2 

1560 

0.8 

1.0 

15 

67 

1420 

omparison  of  the  results  with  those  obtained  with  the  same 
olymer  solution  in  the  absence  of  antioxidant  (Table  V,  first 
>ur  experiments)  shows  that  very  similar  data  were  found  in  the 
vo  cases.  The  modified  method  using  both  nitric  and  phos- 
horic  acids  was  also  tried  on  the  polymer  solution  without 
ntioxidant,  with  very  similar  results. 

The  commonly  used  antioxidants  BLE  (a  complex  condensa- 
.on  product  of  acetone  and  diphenylamine)  and  Stalite  (an 
lkylated  secondary  arylamine)  were  likewise  shown  not  to  inter¬ 
ne  in  the  peroxide  determination. 

ABSOLUTE  ACCURACY 

i  To  check  the  absolute  accuracy  of  the  proposed  method,  an 
inalysis  of  a  standard  peroxide  was  desired.  Benzoyl  peroxide 
nd  furoyl  peroxide,  which  is  much  less  stable  thermally,  failed 
o  react  noticeably  with  the  reagent  even  after  long  standing. 
)n  the  other  hand,  <er<-butyl  hydroperoxide  reacted  as  readily  as 
olymer  peroxides. 

Since  Farmer  and  Sutton  (2)  have  shown  natural  rubber  per- 
xides  to  be  of  the  hydroperoxide  type,  it  was  of  interest  to  com- 
>are  the  results  obtained  on  rubber  peroxides  by  the  proposed 
aethod  and  by  the  thiocyanate  method  of  Robey  and  Wiese  (7), 

,  hich  responds  to  all  peroxides.  The  same  rubber  or  GR-S  solu- 
ion  showed  about  20%  more  peroxide  (relative)  by  the  o-phe- 
lianthroline  method  than  by  the  thiocyanate  method. 

Analysis  of  solutions  of  tert-butyl  hydroperoxides  standardized 
>y  the  iodide  method  of  Liebhafsky  and  Sharkey  (6),  and  diluted 
or  colorimetric  analysis,  showed  that  both  colorimetric  pro- 
iedures  gave  high  results,  increasing  with  decreasing  amounts  of 
oeroxide  in  the  reaction  mixture  (compare  Table  V).  However, 
careful  exclusion  of  oxygen  by  bubbling  the  reagents  before  and 
luring  the  reaction  led  to  lower  results  (Table  VIII).  W  ith  use  of 
he  thiocyanate  method, the  rate  of  reaction  between  peroxide  and 
iron  was  founck  to  decrease  markedly  as  the  last  traces  of  oxygen 
were  removed.  Thus  a  fading  of  the  thiocyanate  color  led  to  low 
•esults  in  air-free  solutions.  These  observations  suggest  that 
neroxide  catalyzes  the  air  oxidation  of  iron  (induced  reaction)  and 
■onversely  that  oxygen  catalyzes  the  peroxide  iron  reaction.  Thus 
x>th  colorimetric  procedures  are  nonstoichiometric  in  the  pres¬ 
ence  of  air  and  very  slow  in  its  absence.  For  best  results,  both 


Table  VIII.  Effect  of  Air  on  Colorimetric  Peroxide  Determination 


0.002  N 

0.002  N 

Peroxide 

Iron 

Ml. 

Ml. 

0.50 

1.20 

0.50 

i :  oo 

0.50 

1.00 

0.50 

1.00 

Iron 

Used  Recovery 

Ml.  %  Conditions 


o-Phenanthroline  Method 


1.14 

0.73 

0.65 

0.59 


228  Air  saturated 

140  N2  through  benzene  only 

130  N2  through  all  reagents  before 

reaction 

118  N2  through  all  reagents  and 

during  reaction 


Thiocyanate  Method 


0.20 

15 

0.38 

190 

Air  saturated 

0.30 

15 

0.56 

187 

Air  saturated 

0.50 

15 

0.75 

150 

Air  saturated 

0.80 

15 

0.77 

96 

Air  saturated 

0.30 

15 

0.55 

183 

Ns  before  reaction 

0.50 

15 

0.72 

144 

Ns  before  reaction 

0.80 

15 

0.74 

93 

Ns  before  reaction 

0.30 

15 

0.18 

60 

N2  before  and  during  reaction 

0.50 

15 

0.12 

24 

N2  before  and  during  reaction 

should  be  applied  only  over  a  narrow  range  of  peroxide  content 
in  the  reaction  mixture. 

If  the  recommended  transmission  range  of  50  to  70%  is  used 
in  the  proposed  procedure  (corresponding  to  a  twofold  range  of 
peroxide  concentration),  comparative  analyses  can  readily  be 
made  without  standardization.  For  results  of  absolute  signifi¬ 
cance,  standardization  by  means  of  teri-butyl  hydroperoxide  is 
recommended.  For  larger  amounts  of  peroxides,  the  iodide 
method  gives  stoichiometric  results,  but  titration  methods  in¬ 
volving  ferrous  iron  again  were  found  to  give  high  results  in  the 
presence  of  air.  This  observation  has  also  been  made  by  Kolthoff 
and  co-workers  (5)  in  the  analysis  of  soap  peroxides. 

SENSITIVITY 

The  procedure  as  given  is  sensitive  to  10  or  20  p.p.m.  active 
oxygen,  calculated  on  the  solid  polymer.  No  particular  effort 
has  been  made  to  gain  the  utmost  sensitivity,  but  much  larger 
sample  sizes  could  be  used.  The  limiting  factor  is  the  color  of  the 
polymer  solution  itself,  which  could  be  compensated  by  using  a 
solution  of  the  polymer  rather  than  benzene  as  the  comparison 
liquid.  By  this  means,  less  than  1  p.p.m.  of  active  oxygen  could 
be  detected,  considering  the  fact  that  the  method  gives  an  ab¬ 
normal  response  to  very  small  traces  of  hydroperoxide. 
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Separation  of  Calcium  from  Magnesium 

By  Oxalate  Method  in  Samples  of  High  Magnesium-Calcium  Ratio 

E.  R,  WRIGHT  AND  R.  H.  DELAUNE,  Texas  Division,  The  Dow  Chemical  Company,  Freeport,  Texas 


By  careful  control  of  the  relative  concentrations  of  magnesium  and 
oxalate  ion,  it  is  possible  to  achieve  acceptable  separations  of 
calcium  from  magnesium  by  direct  precipitation  of  calcium  oxalate 
in  samples  containing  magnesium-calcium  ratios  of  20  to  1  or 
greater.  Results  which  can  be  achieved  with  a  single  precipitation 
are  limited  by  the  solubility  of  calcium  oxalate  which  increases 
rapidly  with  increasing  oxalate  concentration  in  hot  solutions. 

IN  THE  analysis  of  magnesites  and  magnesium  chloride  brine 
concentrates,  it  has  long  been  recognized  that  the  separation 
of  calcium  as  calcium  oxalate  becomes  increasingly  uncertain 
as  the  magnesium  content  of  the  sample  is  increased.  This  un¬ 
certainty  is  caused  by  two  properties  of  magnesium  oxalate: 
its  complex-forming  nature  which  effectively  ties  up  oxalate 
ion  and  makes  the  precipitation  of  calcium  oxalate  slow  or  in¬ 
complete,  and  its  low  solubility  which  causes  excessive  adsorp¬ 
tion  and  especially  postprecipitation  of  magnesium  oxalate. 

As  a  result  of  a  study  of  the  solubility  of  magnesium  oxalate  in 
ammonium  oxalate  solutions,  Bobtelsky  and  Malkowa-Janow- 
ski  ( 2 )  pointed  out  that  both  these  effects  could  be  ameliorated 
by  adding  to  the  solution  a  much  larger  quantity  of  oxalate 
ion  than  normally  employed,  the  additional  concentration  of 
oxalate  having  the  effect  of  forming  a  soluble  complex  with  mag¬ 
nesium  and  furnishing  sufficient  oxalate  in  excess  for  the  pre¬ 
cipitation  of  the  calcium.  Additional  information  is  herein  pre¬ 
sented  dealing  with  the  solubility  of  calcium  oxalate,  the  quan¬ 
tity  of  oxalate  required  to  prevent  precipitation  of  magnesium 
oxalate,  the  best  mode  of  precipitation  of  calcium  oxalate,  the 
amount  of  error  to  be  expected  from  coprecipitation  of  magne¬ 
sium,  and  maximum  permissible  magnesium-calcium  ratio. 

REAGENTS 

Magnesium  Chloride  Solution.  A  solution  of  magnesium 
chloride  free  of  calcium  was  prepared  by  dissolving  pure  magne¬ 
sium  metal  in  hydrochloric  acid  and  diluting  so  that  it  contained 
16.0%  magnesium  chloride  (4.09%  magnesium).  A  spectro- 
graphic  analysis  showed  that  this  solution  contained  less  than 
0.001%  calcium  and  no  detectable  amount  of  aluminum,  copper, 
iron,  manganese,  silicon,  or  nickel.  The  solution  was  stored  in  a 
Pyrex,  glass-stoppered  bottle. 

Standard  Calcium  Solution.  The  solutions  were  made  up 
as  needed  to  contain  about  0.8  mg.  of  calcium  per  millimeter  by 
dissolving  a  weighed  quantity  of  Baker’s  Iceland  spar  in  a  slight 
excess  of  distilled  hydrochloric  acid  and  diluting  to  known 
volume.  The  solutions  were  standardized  according  to  the  pro¬ 
cedure  shown  below,  although  a  good  agreement  was  always 
obtained  between  the  calcium  content  as  determined  and  that 
obtained  by  assuming  the  Iceland  spar  to  be  a  primary  standard. 

Hydrochloric  Acid.  Reagent  grade  hydrochloric  acid  was 
diluted  with  an  equal  volume  of  water  and  distilled  from  an  all- 
Pyrex  still.  The  resulting  solution  was  approximately  6  N  in 
hydrochloric  acid. 

Ammonia.  Ammonia  solutions  were  prepared  1  liter  at  a 
time  by  passing  ammonia  gas  from  a  cylinder  through  a  water 
scrubber,  then  into  cold  water  in  a  Yycor  flask.  The  concen¬ 
trated  solution  (6  to  9  N)  so  obtained  was  stored  in  the  Vycor 
flask,  or  in  some  cases  in  hard  rubber  bottles. 

Ammonium  Oxalate:  For  most  of  the  work,  ammonium  oxa¬ 
late  was  purified  by  a  single  crystallization  from  hot  water  in 
order  to  remove  insoluble  impurities. 

In  some  cases  where  crystallization  did  not  appear  neces¬ 
sary,  analytical  reagent  grade  ammonium  oxalate  monohydrate 
was  used  directly.  Determinations  of  the  solubility  of  calcium 
oxalate  were  made  with  ammonium  oxalate  prepared  by  crystal¬ 
lizing  reagent  grade  oxalic  acid  which  was  then  neutralized  with 
ammonia  gas. 


Nitric  Acid.  Analytical  reagent  grade  acid  was  distilled 
from  an  all-Pyrex  still  and  stored  in  a  Pyrex  bottle. 

PROCEDURE 

Standardization  of  Calcium  Solutions.  The  required 
amount  (25.00  or  50.00  ml.)  of  calcium  solution  was  pipetted 
into  a  400-ml.  beaker  and  5  ml.  of  6  N  hydrochloric  acid  were 
added.  The  solution  was  diluted  to  75  ml.,  25  ml.  of  5%  am¬ 
monium  oxalate  solution  were  added,  and  the  solution  was 
heated  to  about  80°  C.  The  calcium  oxalate  was  then  precipi¬ 
tated  by  the  dropwise  addition  of  6  N  ammonia  until  the  solution 
became  basic  to  methyl  red  indicator  and  about  3  drops  in  ex¬ 
cess.  After  digestion  at  80°  C.  for  about  15  minutes  the  solu¬ 
tion  was  allowed  to  cool  for  an  hour,  and  was  then  filtered  through 
a  tared  fritted  Pyrex  filter  (fine  porosity)  and  washed  5  times  with 
cold  0.2%  ammonium  oxalate  solution.  The  precipitate  was 
dried  for  a  half  hour  at  180°  C.,  and  was  ignited  for  one  hour  at 
475 0  to  500 0  C.  in  a  muffle  furnace  according  to  the  procedure  of 
Willard  and  Boldyreff  (3).  The  resulting  calcium  carbonate 
was  allowed  to  cool  at  least  4  hours  in  a  desiccator  containing 
anhydrous  calcium  chloride  and  was  then  weighed. 


Grams  of  (NH4)2C2C>4.H20  per  100  Ml.  of  Water 


Figure  1.  Solubility  of  Calcium  Oxalate  in 
Ammonium  Oxalate  Solutions  at  95°  C. 


Table  I.  Solubility  of  Calcium  Oxalate  in  Solutions  of  Ammonium 
Oxalate  and  Other  Salts 


Salt  Present  per  100  Ml. 

Calcium  Carbonate 

of  H20  at  80-90°  C. 

Taken 

Found 

Ca  Dissolved 

Grams 

Mg. 

Mg. 

Mg. 

5.0  (NH4)2C204  .  H2O 

49.5 

49.2 

0.14°  ±  0.02 

10.0  (NH4)2C204.H20 

49.5 

48.6 

0.35°  ±  0.05 

15.0  (NH4)2C204.H20 

49.4 

47.9 

0.60<>  ±  0.12 

20.0  (NH4)2C204.H20 

57.0 

53.6 

1.4°  ±0.2 

25.0  (NH4)2C204.  H2O 

49.5 

44.4 

2.0°  ±0.2 

18.0  H2C2O4.2H2O4 

56.5 

53.2 

1.4* 

26 . 0  K2C2O4 .  H2O 

68.4 

63.2 

2.0° 

20.0  NH4CI 

56.5 

56.4 

<0.1° 

20.0  NaCl 

56.5 

56.8 

<0.1* 

20.0  KC1 

56.5 

56.8 

<0.18 

a  Average  of  four  determinations. 
b  Average  of  three  determinations. 
c  Average  of  five  determinations. 

<l  Neutralized  with  NH4OH. 
e  Average  of  two  determinations. 
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Phecipitation  fkom  Magnesium  Chloride  Solutions. 
■veral  modes  of  precipitation  were  tried  as  shown  below,  the 
Lowing  being  adopted  finally  as  the  recommended  procedure. 

I  The  neutral  magnesium  chloride  solution  containing  the 
oper  amount  of  calcium  and  about  1  gram  of  ammonium  chlo- 
de  is  diluted  to  100  ml.  in  a  400-ml.  beaker  and  heated  to  80  °  C. 
|Ke  proper  quantity  of  solid  ammonium  oxalate  monohydrate 
jrom  Table  III)  is  then  added  all  at  once  and  the  mixture 
I  irred  until  solution  is  complete.  The  precipitate  is  digested  for 
Jo  to  1  hour  at  80°  C.,  and  filtered  hot  through  a  tared  Pyrex 
Iter.  The  determination  is  completed  as  for  standardization  of 
dcium  solution. 

In  many  cases  a  second  precipitation  was  made  by  dissolving 
j  e  ignited  calcium  carbonate  in  dilute  hydrochloric  acid,  filtering 
je  acid  solution  through  the  Pyrex  filter  from  which  the  calcium 
rbonate  was  dissolved,  and  then  continuing  by  the  procedure 
I  own  above  under  standardization  of  the  calcium  solutions. 

I  RESULTS 

Solubility  of  Calcium  Oxalate.  The  fact  that  the  solu- 
lity  of  calcium  oxalate  increases  with  oxalate-ion  concentra- 
>n  became  evident  early  in  the  work,  and  in  order  to  obtain 
ta  showing  the  magnitude  of  this  effect,  a  number  of  deter- 
inations  were  made  by  adding  various  quantities  of  solid 
imonium  oxalate  monohydrate  to  the  hot  solution  containing 
lcium  oxalate  monohydrate  precipitated  by  the  procedure 
scribed  above  for  standardization  of  the  standard  calcium 
lutions.  After  addition  of  the  solid  ammonium  oxalate  the 
dutions  were  digested  hot  for  1  hour,  filtered  hot,  and  washed 

1th  cold  0.2%  ammonium  oxalate.  Results  are  shown  in 
tble  I,  together  with  similar  determinations  made  with  a  few 
i  her  salts. 

In  order  to  provide  further  corroboration  of  the  general  magni- 
•  de  of  this  solubility,  a  number  of  determinations  were  made  by 
f.alyzing  for  calcium  in  the  filtrate  of  the  ammonium  oxalate 
rlutions.  For  this  purpose  an  all-Pvrex  apparatus  was  em~ 


Figure  2.  Solubility  at  100°  C.  of  Magnesium 
Oxalate  in  Ammonium  Oxalate  Solutions  (2) 


Table  II.  Quantity  of  Ammonium  Oxalate  Required 

Calcium  Carbonate 

Found  Error,  Ca 


Magnesium 

(NH,)2- 

C20rH20 

Taken 

1st 

pptn. 

2nd 

pptn. 

1st 

pptn. 

2nd 

pptn. 

Grams/ 100  ml.  at  90°  C. 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

0.046 

3.0 

50.3 

50.7 

49.9 

+  0.16 

-  0.16 

3.0 

50.3 

50.5 

49.7 

+  0.08 

-  0.24 

0.116 

3.0 

56.8 

128.6 

56.4 

+  28.7 

-  0.16 

3.0 

56.8 

142.0 

56.5 

+  34.1 

-  0.12 

3.0 

101.0 

218.4 

100.3 

+  47.0 

-  0  28 

3.0 

101.0 

224.5 

100.6 

+49.4 

-  0.16 

5.0 

56.8 

60.6 

56.1 

+  1.5 

-  0.28 

5.0 

56.8 

57.3 

55.1 

+  0.2 

-  0.28 

5.0 

101.0 

131.2 

100.4 

+  12.1 

-  0.24 

5.0 

101.0 

134.0 

100.4 

+  13.2 

-  0.24 

7.0 

50.3 

50.5 

49.6 

+  0.08 

-  0.28 

7.0 

50.3 

50.3 

49.5 

0.00 

-  0  32 

7.0 

101.0 

101.5 

100.1 

+  0.20 

-  0.36 

7.0 

101.0 

101.5 

100.2 

+  0.20 

-  0.32 

0.231 

5.0 

56.8 

86.5 

58.0 

+  11.9 

+  0.48 

5.0 

56.8 

228.5 

98.1 

+  68.7 

+  16.5 

10.0 

56.8 

55.8 

55.3 

-  0.4 

-  0.6 

10.0 

56.8 

55.7 

55.2 

-  0.4 

-  0.7 

15.0 

56.8 

54.4 

54.2 

-  1.0 

-  1.0 

15.0 

56.8 

54.0 

54.1 

-1.1 

-  1.1 

0  462 

5.0 

51.3 

Very 

high 

Very  high 

10.0 

51.3 

712.2 

238.4 

+  264 

+  75 

10.0 

51.3 

518.8 

341.0 

+  187 

+  116 

15.0 

51.3 

106.9 

50.5 

+  22.2 

-  0.32 

15.0 

51.3 

91.7 

49.0 

+  16.1 

-  0.9 

20.0 

51.3 

48.7 

48.7 

-  1.0 

-  1.0 

20.0 

51.3 

47.9 

47.5 

-  1.4 

-  1.5 

20.0 

68.8 

65.5 

64.7 

-  1.3 

-  1.6 

20.0 

68.8 

65.9 

65.6 

-  1.2 

-  1.3 

25.0 

51.3 

45.8 

45.4 

-  2.2 

-  2.3 

25.0 

68.8 

63.6 

62.7 

-  2.1 

-  2.4 

1 .  16 

25.0 

56.8 

Very  high 

Very  high 

30.0 

56.8 

145.0 

55.7 

+35.3 

-  0.4 

30.0 

56.8 

153.0 

47.4 

+  38.5 

-  3.8 

35.0 

56.8 

43.0 

42.5 

-  5.5 

-  5.7 

35.0 

56.8 

42.3 

42.2 

-  5.8 

-  5.8 

ployed  containing  a  sealed-in  fritted  filter,  so  that  the  filtration 
could  be  made  while  the  apparatus  was  immersed  in  a  constant- 
temperature  bath  at  95°  C.  Results  by  this  method  (Figure  1) 
provide  an  approximate  check  on  those  values  shown  in  Table  I. 

It  is  evident  from  these  solubility  figures  that  if  hot  filtration 
is  employed,  the  solubility  error  is  appreciable  and  increases 
rapidly  with  increasing  oxalate  concentration. 

Quantity  of  Ammonium  Oxalate  Required.  The  solu¬ 
bility  at  100°  C.  of  magnesium  oxalate  dihydrate  in  ammo¬ 
nium  oxalate  solutions  of  concentration  up  to  20  grams  of 
ammonium  oxalate  per  100  grams  of  solution  is  shown  in  Figure  2 
according  to  data  presented  by  Bobtelsky  and  Malkowa-Janow- 
ski  (2). 

The  practical  significance  of  these  solubility  figures  was 
checked  approximately  as  shown  in  Table  II  by  a  procedure  w'hich 
consisted  of  adding  various  quantities  of  solid  ammonium  oxalate 
monohydrate  to  100  ml.  of  hot  solution  containing  known  quan¬ 
tities  of  magnesium  and  calcium.  These  solutions  were  digested 
at  80°  to  90°  C.  for  0.5  to  1  hour  and  filtered  hot.  The  quan¬ 
tity  of  precipitated  magnesium  oxalate  drops  sharply  when  suf¬ 
ficient  ammonium  oxalate  is  present  to  equal  the  solubility  re¬ 
quirement  shown  in  Figure  2.  In  actual  practice  a  further  ex¬ 
cess  of  oxalate  appears  desirable  in  reducing  coprecipitation  of 
magnesium;  consequently  amounts  of  ammonium  oxalate  are 
recommended  as  show'n  in  Table  III,  together  with  the  solubility 
corrections  necessary. 


Table  III.  Recommended  Quantity  of  Ammonium  Oxalate 


(NH,)2- 

Solubility 

Magnesium 

c2c+h2o 

Correction, 

Present 

Added 

Ca 

G./100  ml. 

G./100  ml. 

Mg./100  ml. 

0.10 

7 

0.20 

0.20 

11 

0.35 

0.30 

15 

0.60 

0.40 

20 

1.4 

0.50 

25 

2.0 
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Table  IV.  Mode  of  Precipitation 

Error  in  First  Pptn.  (as 


CaCOa) 

MgO  in  Ppt. 

Magne- 

(NHA- 

Method 

Method 

Method 

Method 

Method  Method 

sium 

c2o,-h2o 

A 

B 

C 

A 

B 

C 

Grams/ 100  ml. 

Mg. 

Mo- 

Mg. 

Mg. 

Mg. 

Mg. 

0.075 

1.5 

+  1.3 

1.0 

3.0 

+  0.6 

+  0.6 

0.5 

6.7 

5.0 

+  0.7 

+  0.3 

0.6 

0.5 

6.0 

-0.5 

6.2 

0 . 200 

1.5 

+  4.7 

3.3 

5.0 

+  2.4 

+  2.7 

+  86.7 

1.3 

8.0 

+  0.5 

6.5 

11.0 

+  1.4 

-1.3 

-0.6 

0.6 

0.4 

0.2 

0.400 

10.0 

+  13.5 

+  5.3 

13.0 

-1.1 

+  11.6 

0.7 

15.0 

-2.2 

-2.6 

-1.4 

0.9 

0.1 

0.3 

0.462  20.0 

Method  A,  Kolthoff  and  Sandell  (6). 

-3.8 

0  1 

Method 

B,  reverse 

order,  addition  of  sample 

to  hot 

(NHp2C204 

solu- 

tion. 

Method  C,  addition  of  weighed  quantity  of  solid  (NH.i)2C204‘H20  di¬ 
rectly  to  hot  sample. 

All  determinations  made  with  calcium  content  of  about  50  mg.  of  CaCOa. 
Figures  listed  are  averages  of  duplicate  determinations. 


monohydrate  was  used  by  maintaining  the  solution  at  70°  C.  in 
order  to  prevent  precipitation  of  ammonium  oxalate  monohydratf 
upon  cooling. 

Method  B.  Reverse  order.  The  sample  was  added  dropwise 
from  a  separatory  funnel  to  a  hot  solution  of  ammonium  oxalate 
of  such  dilution  that  the  final  volume  would  be  100  ml.  The 
precipitate  was  digested  0.5  hour  at  70  °  C.  and  filtered  hot. 

Method  C.  Solid  ammonium  oxalate  monohydrate  was 
added  directly  to  the  hot  solution  according  to  the  method  giver 
under  Procedure. 

After  the  first  precipitation  was  completed  according  to  one  ol 
the  above  procedures,  the  ignited  and  weighed  precipitate  ol 
calcium  carbonate  containing  any  coprecipitated  magnesium  was 
dissolved  in  hydrochloric  acid,  and  a  second  precipitation  was 
made  (see  Procedure).  The  filtrate  from  the  second  precipita¬ 
tion  was  examined  for  magnesium  by  the  Titan  yellow  method 
(8)  as  a  check  on  the  loss  in  weight  between  the  first  and  second 
precipitations. 

Conclusions  drawn  from  the  results  shown  in  Table  IV  may  lx 
summarized  as  follows: 


Mode  of  Precipitation.  This  is  the  point  to  which  pre¬ 
vious  investigators  have  devoted  most  of  their  attention  in  an 
effort  to  improve  the  calcium-magnesium  separation.  It  has 
been  clearly  shown  ( 1 ,  3,  5,  6,  7)  that  in  magnesium-calcium 
ratios  (by  weight)  of  1  to  1  or  lower  a  better  separation  is  at¬ 
tained  by  slow  neutralization  of  an  acid  oxalate  solution  than  by 
addition  of  oxalate  to  a  neutral  solution.  In  this  case,  suf¬ 
ficient  oxalate  according  to  Figure  2  is  not  always  added  and  it  is 
necessary  to  depend  upon  supersaturation  to  keep  magnesium 
oxalate  from  precipitating  (4). 

It  was  pointed  out  by  Blasdale  ( 1 )  that  there  is  no  purpose  in 
the  slow  neutralization  of  a  sample  containing  much  magnesium 
because  the  calcium  does  not  begin  to  precipitate  in  this  case  until 
the  solution  is  nearly  neutral.  This  observation  has  been  re¬ 
peatedly  confirmed;  in  fact,  it  was  noted  that  the  neutralization 
of  a  hot  acid  solution  containing  20  grams  of  ammonium  oxalate 
monohydrate  and  0.4  gram  of  magnesium  ion  resulted  sometimes 
in  a  heavy  precipitation  of  magnesium  oxalate  which  tended  to 
dissolve  as  the  neutralization  proceeded.  This  behavior  is  to  be 
expected,  since  in  an  acid  solution  the  oxalate-ion  concentration 
is  low  at  first  and  as  it  increases  during  the  neutralization  a  point 
is  reached  at  which  the  oxalate-ion  concentration  is  favorable  for 
the  precipitation  of  magnesium  oxalate.  As  the  oxalate-ion 
concentration  continues  to  increase  during  the  neutralization, 
the  precipitated  magnesium  oxalate  goes  back  into  solution, 
presumably  in  the  form  of  a  complex  ion.  The  exact  nature  of 
this  complex  ion  is  not  clear,  but  it  may  contain  a  mole  ratio  of 
oxalate  to  magnesium  as  high  as  4  to  1,  since  the  mole  ratios 
calculated  from  the  solubilities  shown  in  Figure  2  appear  to  ap¬ 
proach  this  value  as  the  magnesium  content  increases. 

It  was  decided,  therefore,  to 
investigate  three  modes  of  pre¬ 
cipitation  according  to  the 
following  scheme.  Results 


Method  A  results  in  a  somewhat  greater  Coprecipitation  ol 
magnesium  than  method  B  or  C,  but  gives  less  precipitation  ol 
magnesium  oxalate  where  a  deficiency  of  ammonium  oxalate  i; 
used. 

Method  B  is  somewhat  less  convenient  than  method  C  and  does 
not  give  results  that  are  much,  if  any,  better  than  those  with 
method  C. 

If  sufficient  ammonium  oxalate  is  present,  methods  B  and  C 
result  in  negligible  coprecipitation  of  magnesium,  about  0.1  t< 
0.3  mg.  of  magnesium  usually  being  found  with  the  ignited  cal¬ 
cium  carbonate.  Results  are  1owt,  however,  because  of  the 
solubility  of  calcium  oxalate  in  the  concentrated  ammoniurr 
oxalate  solutions. 

Method  A  lends  itself  to  good  accuracy  without  solubility  cor¬ 
rection  in  samples  containing  magnesium-calcium  ratios  bj 
weight  as  high  as  20  to  1  if  5.0  grams  of  ammonium  oxalate 
monohydrate  are  used  per  100  ml.  of  solution,  a  double  precipita¬ 
tion  is  made,  and  not  more  than  0.2  gram  of  magnesium  ion  pel 
100  ml.  is  present. 

The  stability  toward  boiling  of  a  magnesium  solution  con¬ 
taining  excess  oxalate  was  tested  by  boiling  gently  for  2  hours  £ 
solution  containing  0.462  gram  of  magnesium  ion,  20.0  grams  ol 
ammonium  oxalate  and  20.7  mg.  of  calcium  ion.  The  precipi¬ 
tated  calcium  oxalate  was  then  filtered,  w'ashed,  ignited,  anc 
weighed  in  the  regular  manner.  No  evidence  of  postprecipita¬ 
tion  of  magnesium  oxalate  was  found.  This  point  was  checker 
further  by  refluxing  for  8  hours  a  pure  magnesium  chloride 
solution  containing  0.462  gram  of  magnesium  and  20.0  grams  ol 
ammonium  oxalate  per  100  ml.  No  visible  precipitation  ol 
magnesium  oxalate  occurred. 

Applications.  Results  which  can  be  obtained  by  a  single 
precipitation  of  calcium  oxalate  in  the  analysis  of  three  sample: 
containing  a  high  magnesium-calcium  ratio  are  shown  in  Table  V 
While  these  results  are  in  general  satisfactory,  the  method  is  nol 


Table  V;  Miscellaneous  Applications 


Calcium 


are  shown  in  Table  IV. 

Method  A.  According  to 
Kolthoff  and  Sandell  {5).  This 
procedure  consists  of  the  drop- 
wise  addition  of  6  A”  ammonia 
to  an  acid  solution  containing 
1.5  grams  or  more  of  ammo¬ 
nium  oxalate  monohydrate 
per  100  ml.  at  70°  to  80°  C. 
until  the  solution  is  basic  to 
methyl  red  indicator.  The 
solution  is  then  allowed  to 
stand  without  further  heating 
for  1  hour  and  filtered  cold. 
This  procedure  was  modified 
in  cases  where  more  than  5.0 
grams  of  ammonium  oxalate 


Description 

Ratio 
by  Wreight 
Mg:Ca 

Correc¬ 
tion  Ap¬ 
plied,  Ca 

Magne¬ 

sium 

Present 

Volume 

(NHPj- 

C204.H20 

Used 

Present 

Found 

CaCOa0  KMnO 
method  methoc 

Mg. 

Grams 

Ml. 

Grams 

% 

% 

% 

Dilute  (15%)  MgClj 
liquor 

16:1 

1.4 

0.43 

100 

20 

0 . 232 t 

0.231 

0.231 

0.232 

0.229 
0.229 
0  229 

Concentrated  -  (34%) 
MgCh  liquor 

85: 1 

4.0 

1.08 

200 

50 

0 . 099 

0.098 

0.097 

0.096 

B.  of  S.  burned  mag¬ 
nesite  (standard 

sample  104) 

22:1 

1.4 

0.41 

100 

20 

2.39 

2.39 

9 

2.37 


°  By  method  shown  under  procedure,  using  single  oxalate  precipitation. 

By  removal  of  90%  of  magnesium  with  NaOH,  followed  by  double  oxalate  precipitation  of  calcium,  ther 
ignition  to  CaCOa. 


ly,  1946 
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ways  practical  because  of  the  large  quantity  of  ammonium 
palate  required,  and  the  necessity  for  applying  an  accurately 
jown  empirical  correction  due  to  solubility  of  calcium  oxalate, 
he  calcium  oxalate  precipitate  can  be  titrated  with  permanga- 
iite  with  results  that  check  closely  those  obtained  by  weighing 
i  calcium  carbonate,  as  shown  in  Table  V . 

CONCLUSIONS 

The  separation  of  calcium  by  precipitation  as  oxalate  fiom 
ilutions  containing  much  magnesium  is  limited  by  the  solubility 
calcium  oxalate,  which  becomes  appreciable  in  hot  concen- 
ated  ammonium  oxalate  solutions,  and  by  the  necessity  of 
sing  large  amounts  of  ammonium  oxalate  in  order  to  prevent 
-ecipitation  of  magnesium  oxalate.  By  the  addition  of  suf- 
;ient  ammonium  oxalate,  up  to  0.5  gram  of  magnesium  ion  can 
» held  in  solution  in  100-ml.  volume  at  80°  C. 

Coprecipitation  of  magnesium  is  small  if  a  large  excess  of 
nmonium  oxalate  is  added  directly  to  a  hot  neutral  solution 
mtaining  magnesium  and  calcium. 

In  the  range  of  magnesium-calcium  ratios  (by  weight)  of 


20  to  1,  calcium  can  be  determined  with  acceptable  accuracy  by  a 
single  precipitation  of  calcium  oxalate  using  a  large  amount  of 
ammonium  oxalate  and  an  empirical  correction  for  solubility  of 
calcium  oxalate,  or  by  double  precipitation  using  not  over  5 
grams  of  ammonium  oxalate  per  100  ml.  as  precipitant. 
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irocedures  are  described  for  determining  tin,  lead,  nickel,  and  zinc 

copper-base  alloys.  Other  minor  elements  such  as  antimony, 
ismuth,  iron,  and  manganese,  do  not  interfere,  and  two  samples 
tffice  for  all  four  determinations.  Electrolysis  at  controlled  poten- 
al  is  used  to  remove  copper  (and  antimony,  bismuth,  etc.)  prior 
/>  the  determination  of  lead  and  tin,  and  to  remove  copper,  lead, 
id  tin  prior  to  the  determination  of  nickel  and  zinc.  Separate 
iquot  portions  of  the  solution  remaining  after  removal  of  copper 
e  used  for  polarographic  determination  of  lead  and  tin,  the  former 

f PROCEDURES  for  the  polarographic  determination  of  cop- 
per,  zinc,  lead,  iron,  and  nickel  in  brass  have  been  described 
jy  Hohn  (2,  8)  and  Mnich  (8,  11),  a  method  of  determining  only 
apper  and  zinc  in  such  alloys  has  been  discussed  by  Tyler  and 
■rown  (16),  and  a  method  for  nickel  in  brasses  and  bronzes  was  de- 
eloped  by  Milner  (10).  Several  studies  of  the  polarographic  char- 
icteristics  of  tin  have  been  made  (4,  8,  9,  13,  14,  15),  but  no 
lethod  for  the  polarographic  determination  of  this  element  in 
lloys  has  previously  been  described.  In  this  paper  a  systematic 
jrocedure  for  the  determination  of  tin,  lead,  nickel,  and  zinc  in 
arious  kinds  of  copper-base  alloys  is  presented.  Other  minor 
iements  which  may  be  present  in  such  alloys,  such  as  antimony, 
ismuth,  iron,  and  manganese,  do  not  interfere,  and  two  samples 
office  for  all  four  determinations. 

j  Since  the  wave  of  cupric  copper  precedes  that  of  the  other  ele- 
i  lents  concerned,  it  must  be  removed.  Taking  advantage  of  the 
act  that  the  cuprous  cyanide  complex  ion  is  not  reducible  at  the 
ropping  electrode  in  basic  solution,  Hohn  (2)  and  Milner  (10) 
'©commended  the  reduction  of  cupric  copper  by  cyanide  ion  in 
mmoniacal  medium  to  eliminate  its  interference  in  the  deter¬ 
mination  of  nickel.  This  procedure  is  not  applicable  when  tin 
nd  lead  are  also  to  be  determined,  and  Milner  (10)  found  that 
he  diffusion  current  of  the  nickel  cyanide  complex  was  influenced 
>y  the  amount  of  zinc  present. 

In  the  present  method  copper  is  removed  by  electrolysis  with  a 
datinum  cathode  at  controlled  potential,  and  lead  and  tin  are 


in  1  N  sodium  hydroxide,  and  the  latter  in  a  supporting  electrolyte 
composed  of  4  M  ammonium  chloride  and  1  N  hydrochloric 
acid.  Nickel  and  zinc  are  determined  simultaneously  in  the 
solution  remaining  after  removal  of  copper,  lead,  and  tin,-  an  am- 
moniacal  supporting  electrolyte  is  used,  and  small  amounts  of  nickel 
may  be  determined  accurately  in  the  presence  of  large  amounts  of 
zinc.  All  four  determinations  can  be  completed  in  about  2.5 
hours.  Results  obtained  with  several  representative  Bureau  of  Stand¬ 
ards  copper-base  alloys  agreed  very  well  with  accepted  values. 

directly  determinable  in  the  residual  solution  in  the  presence  of 
nickel  and  zinc.  Antimony  and  bismuth  are  removed  with  the 
copper,  and  iron  is  finally  present  in  the  ferrous  state  and  does 
not  interfere.  Nickel  and  zinc  are  determined  in  a  second 
sample  after  removal  of  copper,  tin,  and  lead  (and  antimony,  bis¬ 
muth,  etc.)  by  controlled  potential  electrolysis.  Although,  on 
paper,  it  might  seem  that  a  precipitation  method  of  removing 
copper  would  be  simpler  than  controlled  potential  electrolysis 
because  of  the  large  amount  of  precipitate  that  would  have  to  be 
handled,  electrolytic  separation  is  more  convenient.  Using 
the  automatic  apparatus  previously  described  (6,  7),  electrolytic 
separation  actually  requires  less -of  the  operator  s  time  than  that 
involved  in  processing  a  precipitate.  Furthermore,  in  a  pre¬ 
cipitation  method  errors  due  to  coprecipitation  must  be  con¬ 
sidered,  and  the  necessity  of  introducing  relatively  large  quanti¬ 
ties  of  reagents  frequently  complicates  subsequent  polarographic 
determinations.  In  electrolytic  separations  only  hydrogen  ion 
in  amount  equivalent  to  the  metal  deposited  is  introduced,  and 
the  preparation  of  the  residual  solution  for  polarographic  deter¬ 
minations  is  thus  facilitated. 

The  solution  remaining  after  removal  of  copper,  which  con¬ 
tains  the  tin  in  the  stannic  state,  is  diluted  to  a  known  volume 
and  separate  aliquot  portions  are  used  for  the  determination  of 
lead  and  tin.  Nickel  and  zinc  are  determined  simultaneously 
in  the  solution  remaining  after  electrolytic  removal  of  copper, 
tin,  and  lead  from  a  second  sample.  In  the  ammoniacal  sup- 
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porting  electrolyte  employed  the  wave  of  nickel  precedes,  and  is 
well  separated  from,  the  wave  of  zinc,  which  permits  the  simul¬ 
taneous  determination  of  the  two  metals  from  a  single  polaro- 
gram  (Figure  2).  The  amount  of  nickel  in  a  copper-base  alloy  is 
usually  considerably  less  than  the  amount  of  zinc,  and  accurate 
determinations  of  nickel  may  be  made  in  the  presence  of  a  large 
excess  of  zinc  without  difficulty. 

EXPERIMENTAL  TECHNIQUE 

The  electrolytic  separations  were  performed  with  a  platinum 
gauze  cathode  5  cm.  high  and  5  cm.  in  diameter,  and  a  platinum 
gauze  anode  5  cm.  high  and  2.5  cm.  in  diameter  which  was 
mounted  inside  and  coaxially  with  the  cathode.  Efficient 
stirring  was  provided  by  a  magnetic  stirrer  consisting  of  a  bar  of 
soft  iron  sealed  in  a  Pyrex  glass  shell  activated  by  a  rotating 
magnet  mounted  on  the  end  of  a  motor  shaft  below  the  250-cc. 
beaker  which  served  as  the  electrolysis  cell.  (This  device  is 
obtainable  from  A.  H.  Thomas  Co.,  Philadelphia.)  A  saturated 
calomel  electrode  was  used  to  control  the  cathode  potential, 
and  the  tip  of  the  salt  bridge  was  placed  as  close  as  possible  to  the 
outside  surface  of  the  cathode  near  its  middle. 

The  electrolyses  were  performed  by  so  adjusting  the  total 
e.m.f.  applied  to  the  cell  that  the  potential  of  the  cathode  ver¬ 
sus  the  saturated  calomel  electrode  attained  the  desired  value, 
which  was  maintained  as  electrolysis  proceeded  by  suitable  read¬ 
justment  (usually  decrease)  of  the  applied  e.m.f.  The  electrical 
circuit  used  which  has  been  described  (0,  7),  performs  this  func¬ 
tion  automatically  and  maintains  the  cathode  potential  to 
within  ±0.02  volt  of  any  desired  value  without  any  attention. 
Not  more  than  5  minutes  of  the  operator’s  time  is  required  for 
an  electrolytic  separation  with  this  automatic  apparatus,  and 
the  total  elapsed  time  is  usually  less  than  45  minutes.  A  manu¬ 
ally  operated  circuit  of  the  type  described  by  Sand  ( 12 )  can  also 
be  used,  but  it  requires  constant  attention. 

When  the  electrolysis  was  complete  (5  to  10  minutes  after  the 
current  fell  to  a  small  constant  value)  the  stirrer  was  stopped,  the 
beaker  was  lowered  from  the  electrodes  with  the  circuit  still 
connected,  and  the  electrodes  were  washed  with  a  small  amount 
of  water  from  a  wash  bottle.  If  lead  has  been  deposited  on  the 
cathode  the  washing  should  be  done  quickly  with  a  minimal 
amount  of  water,  because  appreciable  amounts  of  lead  are  dis¬ 
solved  by  prolonged  washing ’(7).  Since  no  more  than  2  or  3  cc. 
of  the  original  200  cc.  of  solution  electrolyzed  adheres  to  the 
electrodes,  and  since  the  accuracy  of  the  subsequent  polaro¬ 
graphic  analysis  is  of  the  order  of  1  %,  a  single  washing  of  the  elec¬ 
trode  suffices.  The  combined  residual  solution  and  washings 
were  prepared  for  polarographic  analysis  as  described  below 
under  the  separate  determinations. 

Polarograms  were  recorded  with  a  Sargent-IIeyrovsky  Model 
XI  polarograph,  whose  recording  galvanometer  was  calibrated 
as  previously  described  (3).  The  polarographic  cell  was  placed 
in  a  water  thermostat  at  25°  C. 

The  dropping  electrode  assembly,  including  a  stop-clock  de¬ 
vice  which  automatically  measures  the  rate  of  flow  of  mercury, 
has  been  described  (5).  Preliminary  measurements,  in  which 
accurate  values  of  half-wave  potentials  were  desired,  were  made 
with  the  usual  H-type  cell  with  saturated  calomel  anode  (3). 
In  subsequent  determinations  of  nickel  and  zinc  in  an  ammoni- 
acal  supporting  electrolyte  a  length  of  lead  wire  (No.  18)  wrapped 
in  the  form  of  a  helix  directly  on  the  dropping  electrode  capillary 
served  as  anode.  The  potential  of  this  lead  anode  in  a  solution 
containing  0.2  M  ammonium  ion,  1  M  ammonia,  and  0.1  M 
sulfite  ion  is  about  —0.68  volt  vs.  the  S.C.E.  The  anode  reac¬ 
tion  is  Pb  4-  20 II  ~  =  Pb(OH)2  +  2e,  and  since  lead  hydroxide  is 
very  insoluble  in  ammoniacal  media  no  appreciable  concentra¬ 
tion  of  lead  ion  is  produced  in  the  solution. 

For  determination  of  tin  in  a  supporting  electrolyte  con¬ 
taining  4  M  ammonium  chloride  and  1  M  hydrochloric  acid,  and 
for  determination  of  lead  in  1  M  sodium  hydroxide,  a  silver  wire 
anode  wrapped  in  a  helix  on  the  dropping  electrode  was  used  (5). 
In  4  M  ammonium  chloride-1  M  hydrochloric  acid  the  potential 
of  the  silver  anode  is  approximately  —0.1  volt,  and  in  1  M  sodium 
hydroxide  —0.2  volt,  vs.  the  saturated  calomel  electrode. 

In  the  determination  of  nickel  and  zinc  in  ammoniacal  medium, 
sulfite  ion  (0. 1  M)  was  added  to  the  solutions  to  remove  oxygen. 
In  addition  to  its  convenience,  sulfite  ion  removes  oxygen  more 
effectively  than  nitrogen  or  hydrogen  gas.  In  these  determina¬ 
tions  a  small  (10-  to  25-cc.)  Erlenmeyer  flask  served  as  the  polaro¬ 
graphic  cell.  The  use  of  sulfite  to  remove  oxygen,  and  of  the 
lead  or  silver  wire  anodes,  constitutes  the  simplest  possible  tech¬ 
nique,  and  it  is  very  well  suited  to  rapid  routine  analysis. 

Concentrations  were  computed  from  the  relation  C  =  id/Im 2  /3fl/e 
millimoles  per  liter,  where  id  is  the  observed  diffusion  current 


(microamperes),  /  is  the  diffusion  current  constant,  m  is  the  ratec 
flow  of  mercury  (mg.  per  second),  and  t  is  the  drop  time  (4).  Th 
use  of  this  relation,  with  previously  determined  values  of  diffusioi 
current  constants,  eliminates  the  calibration  of  each  droppin 
electrode  with  known  concentrations  of  the  substance  bein 
determined.  The  pertinent  diffusion  current  constants  a 
25°  C.  determined  in  this  investigation  are  summarized  ii 
Table  I.  In  using  these  data  it  should  be  borne  in  mind  tha 
the  above  relation  fails  when  the  drop  time  is  less  than  about 
second. 

LEAD  AND  TIN 

A  suitable  size  of  sample  is  dissolved  in  hydrochloric  acid  witl 
the  aid  of  the  minimal  amount  of  nitric  acid  required  to  effec 
complete  solution.  The  solution  is  diluted  and  treated  witl 
hydrazine  dihydrochloride  as  an  anodic  depolarizer,  and  thi 
copper  (and  antimony)  is  removed  by  electrolysis  with  the  po 
tential  of  the  platinum  cathode  maintained  constant  at  —0.31 
volt  vs.  the  saturated  calomel  electrode.  In  the  deposition  of  ; 
gram  of  copper  from  a  volume  of  about  200  cc.  the  initial  curren 
was  usually  about  8  amperes,  and  it  decreased  to  about  0.0! 
ampere  within  about  45  minutes.  In  agreement  with  the  expert 
ence  of  Diehl  and  Brouns  (1)  it  was  found  that  the  deposition  o 
metallic  copper  on  the  cathode  proceeds  slowly  at  first,  and  during 
the  initial  stage  of  electrolysis  reduction  of  cupric  ion  to  a  chlo 
ride  complex  of  the  cuprous  state  appears  to  be  the  predominan 
cathode  reaction.  Reduction  to  the  cuprous  state  is  almost  com 
plete  after  a  few  minutes  and  deposition  of  metallic  copper  thei 
proceeds  rapidly  to  completion.  Diehl  and  Brouns  ( 1 )  recom 
mended  the  use  of  a  1  to  1.5  M  hydrochloric  acid  solution  for  th< 
separation  of  copper  from  tin,  but  the  writer  obtained  mud 
better  deposition  when  the  concentration  of  hydrochloric  acic 
was  kept  just  large  enough  to  prevent  hydrolysis  of  stannic  ion 
not  over  0.5  M.  With  this  minimal  concentration  of  hydrochloric 
acid  the  complications  observed  by  Diehl  and  Brouns  (/)  ii 
more  concentrated  chloride  solution  were  not  encountered,  the 
presence  or  absence  of  tin  was  immaterial;  and  antimom 
was  completely  deposited  with  the  copper.  The  potential  shoulc 
not  be  allowed  to  exceed  about  —0.4  volts,  as  otherwise  lead  anc 
tin  may  deposit,  and  it  should  be  at  least  —0.3  volt  to  obtaii 
rapid  deposition  of  copper.  The  solution  remaining  after  the 
electrolysis,  which  contains  the  tin  in  the  stannic  state,  is  diluted 
to  a  known  volume  and  separate  aliquot  portions  are  taken  for  the 
determination  of  lead  and  tin. 

Lead  is  determined  in  1  M  sodium  hydroxide  as  supporting 
electrolyte;  in  this  medium  the  half-wave  potential  of  the  plum- 
bite  ion  is  —.0.76  volt  vs.  the  saturated  calomel  electrode  and  the 
wave  characteristics  are  excellent  ( 4 ).  Since  stannic  tin  does  nol 
produce  a  wave  in  this  solution  ( 4 ),  nickel  and  iron  are  precipi¬ 
tated,  and  the  half-wave  potential  of  the  zincate  ion  is  — 1.50  volt, 


Table  I.  Pertinent  Half-Wave  Potentials  and  Diffusion  Currenl 

Constants 

Temperature  =  25°  C.  The  half-wave  potentials  are  referred  to  the  satu¬ 
rated  calomel  electrode.  The  diffusion  current  constants  correspond  to  the 
observed  diffusion  current  in  microamperes,  when  the  concentration  is 
1  millimolar,  and  when  the  value  of  m2^3  f*/ 6  is  1  mg. 2/3 sec. -1/2.  All  solu¬ 
tions  contained  0.005%  gelatin  as  a  maximum  suppressor. 


Em 

Metal 

Supporting  Electrolyte 

Volts 

I 

Lead 

1  M  NaOH 

-0.76 

3.40 

4  M  NH<C1  +  1  M  HC1 

-0.52 

3.52 

Tin 

4  M  NH,C1  +  1  M  HC1 

-0.25 

2.84° 

-0.52 

3.49» 

6.33c 

Nickel 

0.2  M  NH<C1  +  1  M  NH, 

-1.06 

3.54 

1  M  NIHCl  +  1  M  NH, 

-1.09 

3.56 

3  M  NH,C1  +  1  M  NH, 

-1.12 

3.33 

Zinc 

0.2  M  NH4CI  +  1  M  NH, 

-1.33 

3.78 

1  M  NtLCl  +  1  M  NH, 

-1.33 

3.82 

3  M  NHiCl  +  1  M  NH, 

-1.36 

3.94 

a  First  wave, 
t  Second  wave. 
c  Total  double  wave. 
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lry  small  amounts  of  lead  can  be  determined  without  inter- 
j-ence  from  the  other  metals.  The  amounts  of  nickel  and  iron 
I  ssent  in  copper-base  alloys  are  relatively  small,  and  usually  the 
1  droxides  of  these  metals  need  not  be  filtered  off.  Curiously 
jough  it  was  found  that  sulfite  (0.1  M)  does  not  remove  oxygen 
liciently  from  sodium  hydroxide  solutions  that  contain  lead; 
|  parently  the  plumbite  ion  inhibits  the  oxygen-sulfite  reaction, 
i  d  hence  nitrogen  or  hydrogen  must  be  used, 
i  The  polarogram  of  this  solution  also  includes  the  wave  of 
ncate  ion  at'— 1.50  volt  vs.  the  saturated  calomel  electrode, 
id,  provided  the  amount  of  lead  does  not  exceed  the  amount  of 
lie,  this  wave  might  be  used  for  the  determination  of  zinc, 
jiwever,  the  characteristics  of  the  zincate  wave  leave  much  to 
J  desired  and  the  writer  prefers  the  determination  of  zinc  in 
(imoniacal  medium  in  conjunction  with  the  nickel  determina- 
l»n. 


-0.1  -0.5  -0.9 


Ed.e.vs*  S‘C*E* 

Figure  1.  Typical  Polarogram  of  2.08  Milli- 
molar  Stannic  tin  in  4  M  Ammonium  Chloride, 
1  M  Hydrochloric  Acid,  and  0.005  %  Gelatin, 
Showing  Method  of  Measuring  Diffusion  Current 


l  Tin  is  determined  in  a  supporting  electrolyte  containing  4  M 
nmonium  chloride  and  1  M  hydrochloric  acid.  In  this  medium 
nnnic  tin  produces  a  double  wave,  corresponding  to  stepwise 
iduction  first  to  the  stannous  state  and  then  to  the  metal,  with 
llf-wave  potentials  of  — 0.25  and  —0.52  volt  vs.  the  saturated 
ilomel  electrode  (9).  The  first  diffusion  current  is  not  com- 
fitely  developed  before  the  second  wave  begins,  but  the  total 
■[fusion  current  is  very  well  defined  (see  Figure  1).  The  height 
i  the  first  wave  is  45%  that  of  the  total  double  wave,  instead  of 

1%  as  it  would  be  if  the  diffusion  current  were  completely  de- 
loped,  but  this  creates  no  difficulty  because  the  proportion  is 
nstant  regardless  of  the  concentration  of  the  tin.  Hence 
.her  the  first  wave,  the  second  wave  alone,  or  the  total  double 
ive  may  be  measured;  the  diffusion  current  constants,  id/ 

•  m2/3  <1/6),  at  25°  are  listed  in  Table  I.  Since  the  measurement 
i  either  the  first  wave  or  total  wave  requires  correction  for  the 
Hidual  current,  which  must  be  separately  determined  because 
le  first  wave  starts  from  zero  applied  e.m.f.,  the  writer  prefers 
i  iasurement  of  the  second  wave.  The  half-Wave  potential  of 
lid  in  this  supporting  electrolyte  is  virtually  coincident  with  that 
i  the  second  stage  of  the  reduction  of  the  chlorostannate  ion, 
lid  hence  the  second  wave  includes  a  diffusion  current  due  to  lead 
Ir  which  correction  must  be  applied.  As  the  amount  of  lead  in 
uopper-base  alloy  seldom  exceeds  the  amount  of  tin,  and  usually 


is  less,  such  a  correction  is  not  as  objectionable  as  it  might  other¬ 
wise  be. 

The  method  of  applying  this  correction  is  best  illustrated  by  a 
typical  example.  Aliquot  samples  (50  cc.)  were  used  for  each 
determination  and  in  each  case  were  finally  diluted  to  100  cc.  in 
the  appropriate  supporting  electrolyte.  The  observed  diffusion 
current  of  lead  in  1  N  sodium  hydroxide  was  2.34  microamperes 
with  m2/3  tl/0  =  1.57,  and  the  diffusion  current  of  the  second 
wave  in  4  M  ammonium  chloride— 1  M  hydrochloric  acid  was 
7.10  microamperes  with  m2/3  t1'6  =  1.60.  From  the  data  in 
Table  I  the  diffusion  current  constant  of  lead  in  4  M  ammonium 
chlorjde-1  M  hydrochloric  acid  is  seen  to  be  somewhat  larger 
than  in  1  M  sodium  hydroxide,  the  ratio  being  3.52/3.40  =  1.036. 
The  contribution  of  lead  to  the  second  wave  in  the  former  medium 
was  thus  2.34  X  1.036  X  1.60/1.57  =  2.47  microamperes,  and 
the  diffusion  current  due  to  tin  was  7.10  —  2.47  =  4.63  micro¬ 
amperes.  The  concentration  of  lead  was  2.34/(3.40  X  1.57)  = 
0.438  millimolar,  and  that  of  tin  was  4.63/(3.49  X  1.60)  =  0.829 
millimolar. 

For  percentages  of  tin  and  lead  between  about  0.1  and  10,  a 
0.5-  to  1-gram  sample  is  suitable,  and  it  is  convenient  to  dilute 
the  residual  solution  after  removal  of  the  copper  to  250  cc.  and 
take  50-cc.  aliquots  for  the  polarographic  determinations. 

Procedure.  Dissolve  a  0.5-  to  1-gram  sample  of  the  alloy  in  a 
warm  mixture  of  6  cc.  of  12  N  hydrochloric  acid,  4  cc.  of  water, 
and  1  cc.  of  concentrated  nitric  acid  in  a  Kjeldahl  flask.  Dilute 
to  about  50  cc.  and  boil  briefly  to  remove  oxides  of  nitrogen  and 
chlorine.  Transfer  the  solution  to  a  250-cc.  beaker,  add  2 
grams  of  pure  hydrazine  dihydrochloride,  dilute  to  about  200 
cc.,  and  electrolyze  with  the  potential  of  the  platinum  cathode  at 
—  6.35  volt  vs.  the  saturated  calomel  electrode.  Transfer  the 
residual  solution  to  a  250-cc.  volumetric  flask,  cool  to  room  tem¬ 
perature,  and  dilute  to  the  mark.  The  final  solution  will  be 
about  0.4  N  in  respect  to  hydrochloric  acid. 

Transfer  a  50-cc.  aliquot  (corresponding  to  one  fifth  of  the 
sample)  to  a  100-cc.  volumetric  flask,  add  24  cc.  of  5  N  sodium 
hydroxide  (or  4.8  grams,  0.12  mole,  of  the  solid)  and  2.5  cc.  of 
0.2%  gelatin  solution,  and  dilute  to  the  mark.  Transfer  a  por¬ 
tion  of  the  solution  to  the  polarographic  cell  in  a  water  ther¬ 
mostat  at  25.0°  =*=  0.2°  C.,  remove  dissolved  air  with  nitrogen 
or  hydrogen,  record  the  polarogram,  and  measure  the  diffusion 
current  of  the  lead.  Determine  the  m-value  of  the  dropping  elec¬ 
trode,  measure  the  drop  time  at  the  potential  at  which  the 
diffusion  current  was  measured,  and  compute  the  concentration 
of  lead  from  the  relation  C  =  Li/3.40  m2  /3 1 1  /6  (see  Table  I). 

Transfer  another  50-cc.  aliquot  to  a  100-cc.  volumetric  flask, 
add  21  grams  (0.4  mole)  of  solid  ammonium  chloride,  6.6  cc. 
(0.08  mole)  of  12  N  hydrochloric  acid,  and  2.5  cc.  of  0.2%  gelatin 
solution,  and  dilute  to  about  90  cc.  Shake  until  the  ammonium 
chloride  is  dissolved,  warm  back  to  room  temperature,  and 
dilute  to  the  mark.  Transfer  a  portion  of  the^solution  to  the 
polarographic  cell  in  a  water  thermostat  at  25.0  =*=  0.2  C.,  re¬ 

move  dissolved  air  with  nitrogen  or  hydrogen,  record  the  polaro¬ 
gram,  and  measure  the  diffusion  current  of  the  second  wave 
(see  Figure  1).  Apply  the  correction  for  lead,  and  compute  the 
concentration  of  tin,  as  described  above. 

The  concentrations  of  the  components  of  the  supporting 
electrolytes  are  not  critical,  but  should  be  within  about  10%  of 
the  values  specified. 

NICKEL  AND  ZINC 

A  sample  of  the  alloy  is  dissolved,  and  the  copper  is  removed 
eleetrolytically  exactly  as  in  the  determination  of  lead  and  tin. 
After  most  of  the  copper  has  deposited  (about  15  minutes),  the 
potential  is  increased  to  —0.70  volt  vs.  the  saturated  calomel 
electrode  to  deposit  tin  and  lead.  The  initial  current  at  -0.70 
volt  was  usually  of  the  order  of  3  to  5  amperes,  and  ordinarily, 
it  decreased  to  a  constant  value  of  about  1  ampere  after  about  15 
minutes.  The  current  at  -0.70  volt  does  not  decrease  to  zero 
because  hydrogen  ion  is  reduced  at  this  potential.  To  ensure 
complete  deposition  of  tin  and  lead  the  electrolysis  should  be 
continued  for  about  10  minutes  after  the  current  decreases  to  a 
constant  value.  Since  tin  and  lead  are  precipitated  in  the  am- 
moniacal  supporting  electrolyte  used  for  the  determination  of 
nickel  and  zinc  it  is  not  essential  that  they  be  removed  com¬ 
pletely;  in  fact,  if  the  amount  of  tin  and  lead  present  does  not 
greatly  exceed  the  amount  of  nickel  or  zinc  (whichever  is  the 
smaller),  they  need  not  be  removed  at  all.  A  large  precipitate 
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of  the  hydrous  oxides  of  tin  and  lead  is  objectionable  because  it 
may  coprecipitate  significant  amounts  of  nickel  and  zinc. 

A  systematic  study  was  made  of  the  influence  of  the  concentra¬ 
tion  of  ammonium  chloride  and  ammonia  on  the  nickel  and  zinc 
waves;  the  effect  of  various  concentrations  of  ammonium  chlo¬ 
ride  at  a  constant  concentration  (1  M)  of  ammonia  is  shown  by 
the  data  in  Table  I.  Increasing  the  concentration  of  ammonium 
chloride  shifts  the  half-wave  potentials  of  both  metals  to  slightly 
more  negative  values,  and  since  the  half-wave  potential  of  nickel 
is  shifted  more  than  that  of  zinc,  the  separation  of  the  waves  is 
less  satisfactory  in  3  M  ammonium  chloride  than  in  0.2  M .  Even 
very  large  changes  in  the  concentration  of  the  ammonium  chlo¬ 
ride  produce  relatively  small  changes  in  the  diffusion  current  con¬ 
stants,  so  that  the  adjustment  of  the  concentration  of  ammonium 
chloride  is  not  at  all  critical.  Increasing  the  concentration  of 
ammonia  from  0.1  to  5  M  at  a  constant  concentration  (0.2  M) 
of  ammonium  chloride  also  decreases  the  separation  of  the 
waves,  but  causes  only  slight  changes  in  the  diffusion  current 
constants.  The  optimum  supporting  electrolyte  is  one  that 
contains  about  0.2  M  ammonium  chloride  and  1  M  ammonia; 
in  this  medium  the  two  waves  are  so  well  separated  that  there  is 
no  difficulty  in  determining  nickel  in  the  presence  of  a  fiftyfold 
or  even  larger  excess  of  zinc  (see  Figure  2). 


Figure  2.  Polarograms  of  Nickel  and  Zinc 

Obtained  in  analysis  of  Bureau  of  Standards  cast  bronze  No.  52b,  contain¬ 
ing  0.72%  nickel  and  2.96%  zinc.  Supporting  electrolyte  contained 
0.2  M  ammonium  chloride,  1  M  ammonia,  0.1  M  sodium  sulfite,  and 
0.005%  gelatin.  A  lead  wire  anode  was  used.  Curve  a  was  recorded 
with  a  galvanometer  sensitivity  of  0.748  microampere  per  cm.,  and  curve  b 
with  a  sensitivity  of  0.187  microampere  per  cm.  to  magnify  the  nickel  wave. 


Procedure.  Dissolve  a  0.5-  to  1-gram  sample,  and  prepare 
the  solution  for  electrolysis,  exactly  as  for  determination  of  lead 
and  tin.  Electrolyze  first  at  a  potential  of  —0.35  volt  vs.  the 
saturated  calomel  electrode,  and  after  most  of  the  copper  has 
deposited  increase  the  potential  to  —0.70  volt  to  deposit  tin 
and  lead.  Continue  the  electrolysis  for  about  10  minutes  after 
the  current  decreases  to  a  constant  value.  Transfer  the  residual 
solution  to  a  250-cc.  volumetric  flask  and  dilute  to  the  mark. 

Transfer  a  50-cc.  aliquot  to  a  100-cc.  volumetric  flask,  add  8  cc. 
of  15  M  ammonia,  1  to  1.5  grams  (approximately  0.01  mole)  of 
pure  anhydrous  sodium  sulfite  to  remove  oxygen,  and  2.5  cc.  of 
0.2%  gelatin,  and  dilute  to  the  mark.  Place  a  portion  of  the 
solution  in  a  polarographic  cell  in  a  water  thermostat  at  25.0  °  ± 
0.2°  C. — e.g.,  a  15-cc.  Erlenmeyer  flask  if  a  lead  wire  anode 
wrapped  on  the  dropping  electrode  is  used — and  record  the  polaro- 
gram.  If  the  amount  of  nickel  is  much  smaller  than  that  of 
zinc,  a  second  polarogram  should  be  recorded  at  an  increased 
sensitivity  to  magnify  the  nickel  wave  to  a  value  large  enough  for 


Tabic  II.  Analysis  of  Bureau  of  Standards  Copper-Base  Alloy 


Sample  and  Bureau  of  Standards 
Analyses 

Polarographic  Analyses,  % 
Pb  Sn  Ni  Zn 

Phosphor  bronze  63a 

Cu  78.48,  Pb  8.92,  Sn  9.76,  Ni  0.32, 

Zn  0.61,  Sb  0.49,  Fe  0.52,  P  0.58, 

S  0.11 

9.04 

9.84 

0.32 

0.60 

Cast  bronze  52b 

Cu  88.26,  Pb  0.01,  Sn  8.00,  Ni  0.72, 

Zn  2.96,  Fe  0.034 

0.02 

7.82 

0.70 

2.96 

Ounce  metal  124a 

Cu  85.05,  Pb  4.86,  Sn  4.81,  Ni  0.001 

Zn  5.25,  Fe  0.004 

4.84 

5.00 

5.29 

Brass  37c 

Cu  70.07,  Pb  0.97,  Sn  0.96,  Ni  0.58, 

Zn  27.22,  Fe  0.17 

0.92 

0.97 

0.59 

27.8 

accurate  measurement.  Measure  the  two  diffusion  currents  (se< 
Figure  2),  the  m-value  of  the  capillary,  and  the  drop  times  at  th< 
potentials  at  which  the  diffusion  currents  were  measured.  Com 
pute  the  concentration  of  nickel  from  the  relation  C  =  id, 
3.54  m2/3  i* 1 11/6,  and  the  concentration  of  zinc  from  the  relatioi 
C  =  fd/3.7  8m2/3P/6. 

Polarograms  of  some  samples  showed  a  final  current  increase  a 
about  —1.5  volts,  which  interfered  with  the  full  developmen 
of  the  diffusion  current  of  the  zinc.  This  was  usually  observec 
with  samples  that  contained  relatively  large  amounts  of  iron 
In  the  presence  of  hydrazine  the  iron  in  the  electrolyzed  solutioi 
will  be  present  in  the  ferrous  state,  and  from  the  work  of  Vori 
skova  (17)  it  is  known  that  ferrous  iron  produces  a  wave  in  am 
moniacal  solutions  whose  half-wave  potential  is  —1.49  volts  t/s 
the  saturated  calomel  electrode.  The  interference  can  easily  b 
eliminated  by  treating  the  electrolyzed  solution,  or  an  aliquot  o 
it,  with  5  cc.  of  concentrated  nitric  acid,  and  evaporating  t< 
dryness  to  oxidize  ferrous  iron  and  hydrazine.  The  residue  i 
taken  up  in  an  appropriate  amount  of  dilute  hydrochloric  acid 
and  the  solution  is  prepared  for  analysis  as  above. 


RESULTS  AND  DISCUSSION 

The  foregoing  procedures  were  tested  with  several  representa 
tive  Bureau  of  Standards  copper-base  alloys,  with  the  result 
shown  in  Table  II. 

With  percentages  of  the  various  metals  smaller  than  about  5 
the  polarographic  analyses  agree  with  the  bureau’s  values  abou 
as  closely  as  the  latter  are  known,  and  even  with  larger  percent 
ages  the  agreement  is  satisfactory.  For  determining  fraction 
of  a  per  cent  of  these  metals,  especially  zinc,  the  polarographi 
method  is  probably  more  reliable  than  the  classical  procedures 
but  it  cannot  compete  with  the  classical  methods,  except  fror  j 
the  standpoint  of  convenience,  for  amounts  larger  than  abou 
10%.  Determinations  of  the  four  metals  can  be  complete 
within  about  2.5  hours  by  the  polarographic  procedure. 
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Calculation  of  Specific  Dispersion  of  Pure  Hydrocarbons 

and  Petroleum  Fractions 

M.  R.  LIPKIN  AND  C.  C.  MARTIN,  Sun  Oil  Company  Experimental  Division,  Norwood,  Pa. 


\n  equation  is  presented  for  the  calculation  of  specific  dispersion  of 
>ure  hydrocarbons  and  petroleum  fractions  from  common  physical 
iroperties,  density,  refractive  index,  and  approximate  molecular 
/eight,  which  can  be  estimated  from  mid-boiling  point  and  density 
>r  viscosities  at  100°  and  210°  F.  This  makes  it  possible  to  obtain 
pecific  dispersion  on  a  highly  colored  sample  or  in  a  laboratory 
/here  no  instrument  is  available  for  the  direct  measurement  of  dis- 
tersion.  The  accuracy  of  the  calculated  specific  dispersion  for 
>etroleum  fractions  is  comparable  with  the  accuracy  of  measure- 
nents  obtained  on  the  Abbe  instrument,  =*=  3  units. 


rHIS  paper  continues  the  general  investigation  in  this  labo¬ 
ratory  of  the  interrelationship  of  physical  properties  and  the 
elation  of  these  properties  to  hydrocarbon  structure  (4,  6-12,  15, 
8),  and  is  particularly  concerned  with  the  calculation  of  specific 
ispersion  of  hydrocarbons  from  easily  determined  physical 
iroperties.  This  permits  the  use  of  specific  dispersion  by  many 
iboratories  which  do  not  have  equipment  for  experimentally 
letermining  specific  dispersion,  and  extends  the  use  of  specific 
lispersion  to  highly  colored  samples  on  which  it  is  difficult  or 
mpossible  to  obtain  a  direct  measurement. 

Specific  dispersion  is  the  difference  between  the  refractive  in- 
lices  of  a  sample  at  two  different  wave  lengths  of  light  divided  by 
he  density  of  the  sample.  Most  literature  data  are  reported  in 
erms  of  the  F  and  C  lines  of  hydrogen,  although  experimentally  it 
s  often  more  convenient  to  use  other  wave  length  combinations 
16).  In  this  paper  specific  dispersion,  5,  is  defined  as: 


S  = 


7lF 


nc 


X  104 


(1) 


by  the  difficulty  in  obtaining  this  measurement.  Early  investi¬ 
gators  attempted  to  develop  atomic  constants  for  the  calculation 
of  specific  dispersion.  More  recently  Thorpe  and  Larsen  (17) 
have  developed  a  method  dependent  on  a  knowledge  of  structure 
which  limits  the  calculation  to  pure  hydrocarbons  whose  struc¬ 
ture  is  known.  No  correlation  has  been  developed  which 
permits  calculation  of  specific  dispersion  for  petroleum  fractions. 

In  an  effort  to  correlate  the  physical  properties  of  hydrocar¬ 
bons,  Lipkin  and  Martin  (11)  have  recently  .developed  Equation 
2  for  the  calculation  of  the  sodium  D  refractive  index  of  paraf¬ 
fins  and  naphthenes  at  20  °  C. : 

_  69.878d  -  0.4044Ad  -  0.797/1  +  136.566 
Scaled.  -  5.543d  -  0.746A  +  126.683 


where 


.4  =  — 105  X  the  temperature  coefficient  of  density, 
which  is  obtained  from  the  approximate  molecular 
weight,  Table  I  (12).  Molecular  weight  is  ob¬ 
tained  from  boiling  point  and  density  (15)  or  the 
kinematic  viscosity  at  100°  and  210°  F.  (4). 


If  double  bonds  are  present,  the  calculated  refractive  index 
will  be  lower  than  the  observed  refractive  index  and  the  differ¬ 
ence  is  a  linear  function  of  the  specific  dispersion.  The  method 
has  the  advantage  over  earlier  methods  of  being  applicable  to 
petroleum  fractions  as  well  as  pure  hydrocarbons. 


i 

where  np  =  refractive  index  for  the  F  line  of 
hydrogen  at  20°  C. 

nc  =  refractive  index  for  the  C  line  of  hy¬ 
drogen  at  20  °  C. 
d  =  density  at  20°  C. 

For  hydrocarbons  specific  dispersion  is  a  unique 
ohysical  property  because  it  is  nearly  constant  for 
oaraffins  and  naphthenes  and  is  variable  with  the 
lumber  of  double  bonds  and  their  position  in  an 
insaturated  hydrocarbon  molecule  (2,  8,  17). 
Accurate  determination  of  specific  dispersion  re¬ 
quires  considerable  skill  and  precision  apparatus. 
Moreover,  determination  of  this  property  on 
samples  which  are  highly  colored  is  very  difficult 
md  often  impossible  with  the  instruments 
ivailable. 

The  application  of  specific  dispersion  to  analysis 
if  hydrocarbons  has  been  seriously  handicapped 


Figure  1 


Table  I.  Effect  of  Unlike  Additivities  of  Physical  Properties  on  Calculation  of  Specific  Dispersion 


%  Saturate 
Volume  Weight 


Saturate 

Blend 

100 

100 

1 

80.0 

76.6 

2 

60.0 

55.2 

3 

40.0 

35.3 

4 

20.0 

17.0 

Aromatic 

0 

0 

50% 

B.P., 

°  C. 

d|° 

_20 
n  D 

a 

113 

0.7069 

1.3988 

97.9 

116 

0.7376 

1.4171 

114.4 

123 

0.7687 

1.4357 

130.2 

130 

0.7993 

1 . 4540 

144.3 

139 

0.8312 

1.4733 

157.2 

148 

0.8629 

1.4923 

169.1 

Mol.  Wt. 

from 

B.P.-d 

10«  X 

Tl  —  Tlcalcd. 

acalcd 

113 

1 

98.5 

112 

59 

112.8 

112 

117 

127.0 

112 

174 

140.9 

113 

235 

155.9 

115 

293 

170.1 

Sealed.  — 


Scaled.  —  5 

1/ 

0.6 

-1.6 

112.1 

0.7 

-3.2 

126.4 

0.6 

-3.4 

140.6 

0.3 

-1.3 

1.0 

154.9 

1.0 

°  Fictitious  value  calculated  from  S  of  saturate  and  4  of  aromatic  assuming  volume  %  additivity. 
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Table  II.  Agreement  of  Pure  Compound  Data 

(Averaged  by  Group) 

No.  of 


Com¬ 

10*  X 

pounds 

(n  —  Wealed.) 

Sealed. 

S 

Scaled. 

Noncyclics 

Olefins 

120 

86 

119 

122 

-  3 

Diolefins,  conjugated 
Diolefins,  nonconju- 

21 

469 

213 

219 

-  6 

gated 

8 

198 

147 

142 

5 

Tri  olefins 

3  ■ 

411 

199 

209 

-10 

Acetylenes 

Monocyclics 

9 

64 

114 

113 

1 

Aromatics 

Aromatics  -f  olefin 

47 

264 

163 

163 

0 

side  chain 

Naphthenes  +  olefin 

11 

436 

205 

210 

-  5 

side  chain 

5 

126 

129 

126 

3 

Cyclo-olefins 
Cyclo-olefins  -j-  olefin 

41 

88 

120 

118 

2 

side  chain 

5 

210 

150 

146 

4 

Cyclodiolefins 
Cyclodiolefins  olefin 

12 

266 

164 

171 

-  7 

side  chain  • 

11 

394 

195 

197 

-  2 

Polycyclics 

Alkyl  naphthalenes 

20 

553 

234 

231 

3 

Miscellaneous  dicyclics 

32 

296 

171 

170 

1 

Miscellaneous  tricyclics 

8 

718 

274 

266 

8 

Average  deviation  per 

com- 

pound 

7 

Average  deviation  per  group 

4 

Deviation  of 

average 

0 

Not  averaged 

Aromatics  +  conju¬ 

. 

gated  diolefin  side 
chain 

4 

992 

345 

393 

-48 

Anthracenes 

5 

1373 

435 

506 

-71 

DERIVATION  OF  EQUATION 

The  difference  between  the  observed  refractive  index  and  the 
refractive  index  calculated  by  Equation  2  was  plotted  against 
specific  dispersion,  as  shown  in  Figure  1,  for  all  olefinic,  acetylenic, 
and  aromatic  type  pure  hydrocarbons  on  which  specific  disper¬ 
sion  data  are  reported.  A  best  straight 
line  was  drawn  originating  at  98.3  spe¬ 
cific  dispersion  for  zero  difference  in 


where  C  =  a  small  correction  term  roughly  dependent  upon  tl 
average  molecular  weight  of  the  mixture.  The  following  tab 
of  approximate  corrections,  derived  from  the  data  in  Table  I1 
may  be  used: 

Correction  to  Be  Used  for  Petroleum  Fractions 


Molecular  Weight  C 

100  2 

200  5 

300  7 

400  8 


Low  results  for  mixtures  are  due  to  the  fact  that  the  physic 
properties  used  in  this  calculation  and  the  property  calculate 
are  not  additive  on  the  same  basis.  Molecular  weight  is  additi' 
on  a  mole  basis  and  density  on  a  volume  basis  in  the  absence 
volume  change  on  mixing.  Refractive  index  is  more  near 
additive  on  a  volume  basis  and  specific  dispersion  more  near 
additive  on  a  weight  basis. 

Table  I  demonstrates  this  effect  of  difference  in  additivities 
properties.  In  this  example  the  authors  have  blended  in  varioi 
proportions  an  aromatic  stock  and  a  paraffin-naphthene  stoi 
of  approximately  equal  molecular  weight.  When  blended  the 
stocks  show  less  than  0.2%  volume  change  on  mixing,  which  is 
negligible  factor  in  these  calculations.  Specific  dispersions  of  tl 
blends  calculated  by  Equation  3  are  lower  than  the  experiment 
specific  dispersions,  but  agree  well  with  fictitious  values  calc 
lated  on  a  volume  basis  from  the  specific  dispersions  of  the  pars 
fin-naphthene  stock  and  the  aromatic  stock.  In  most  petroleu 
fractions  the  situation  is  further  aggravated  by  the  fact  that  tl 
paraffin-naphthene  component  is  significantly  higher  in  molec 
lar  weight  than  the  aromatic  component. 

It  is  emphasized  that  the  correction  term  is  only  approxima 
and  intended  for  the  types  of  hydrocarbon  fractions  normal 


refractive  index.  The  value  98.3  is  con- 


Table  III.  Agreement  of  Aromatic  Extracts,  Pulfrich  Refractometer  Data 


sidered  to  be  the  average  specific  dis¬ 
persion  of  paraffin  and  naphthene  hydro¬ 
carbons  (2,  17). 

From  this  line  the  following  equation 
was  derived  for  the  calculation  of  speci¬ 
fic  dispersion: 


Scaled.  =  98.3  +  2450  (w  —  Wealed.)  (3) 
where 

w  =  refractive  index  for  the 
D  line  of  sodium  at 
20° 

and 

ncaicd.  =  value  calculated  by  use 
of  Equation  2 

For  pure  hydrocarbons  and  mixtures  of 
hydrocarbons  of  nearly  the  same  specific 
dispersion,  such  as  paraffin-naphthene 
mixtures  or  most  aromatic  extracts,  this 
equation  is  satisfactory.  If  (n  —  nc aicd.) 
is  negative  the  sample  can  be  considered 
to  consist  of  saturated  hydrocarbons  and 
may  be  assigned  a  5  of  98.3. 

For  mixtures  such  as  ordinary  petro¬ 
leum  fractions  containing  hydrocarbons 
of  appreciably  different  specific  disper¬ 
sions,  Equation  3  will  give  low  results  and 
is  modified  to  include  a  small  additive 
correction : 

Sealed.  =  98.3  -f- 

2450  (w  —  Wealed.)  +  C  (4) 


Boiling 

Range, 

0  C. 

50% 

B.P., 

0  C. 

d^» 

„20 
n  D 

Viscosity,  Centi- 
stokes 

100°  F.  210°  F 

S 

10*  X 

Tl  —  ttcalcd. 

Sealed. 

6c  straight  run 
fraction 

10 

132 

0.8611 

1.4942 

178 

339 

3 

d 

2 

140 

0.8649 

1.4969 

180 

342 

2 

e 

15 

145 

0 . 8683 

1.4984 

178 

338 

3 

f 

10 

162 

0.8652 

1.4964 

173 

314 

2 

g 

4 

168 

0.8695 

1.5000 

174 

328 

5 

h 

7 

173 

0.8748 

1.5029 

174 

331 

5 

i 

4 

181 

0.8757 

1 . 5023 

172 

316 

4 

j 

12 

185 

0.8755 

1.4998 

165 

280 

2 

k 

10 

198 

0.8838 

1 . 5050 

167 

297 

4 

1 

12 

209 

0.9141 

1.5257 

187 

376 

3 

m 

17 

223 

0.9027 

1.5134 

166 

287 

3 

n 

2 

233 

0.9529 

1 . 5556 

217 

506 

5 

o 

19 

244 

0.9384 

1.5401 

193 

400 

3 

P 

1 

254 

0.9442 

1 . 5460 

197 

432 

7 

q 

6 

257 

0.9648 

1.5675 

232 

564 

4 

r 

11 

266 

0.9550 

1 . 5535 

208 

457 

2 

8 

7 

274 

0.9538 

1.5527 

207 

448 

1 

t 

4 

280 

0.9590 

1 . 5585 

215 

483 

2 

U 

11 

288 

0.9583 

1.5546 

206 

443 

1 

V 

14 

300 

0.9557 

1.5497 

197 

399 

-  1 

w 

8 

311 

0.9617 

1.5523 

198 

396 

-  3 

X 

7 

318 

0.9648 

1.5527 

195 

385 

-  2 

y 

21 

332 

0.9706 

1.5561 

197 

389 

-  3 

z 

18 

352 

0.9778 

1.5619 

204 

412 

-  5 

6aa 

80 

146 

0.8660 

1 . 4943 

176 

328 

3 

ba 

90 

232 

0.9231 

1.5330 

193 

394 

2 

23a  catalytic  frac¬ 
tion 

15 

136 

0.8638 

1.4962 

180 

343 

2 

b 

13 

143 

0.8739 

1.5019 

179 

353 

6 

c 

1 

163 

0.8650 

1.4973 

174 

322 

3 

d 

1 

168 

0.8735 

1 . 5050 

177 

361 

10 

e 

1 

172 

0.8774 

1 . 5054 

178 

349 

6 

f 

2 

183 

0.8700 

1 . 5003 

170 

315 

5 

7a  fuel 

110 

198 

0.9115 

1 . 5292 

200 

431 

4 

8a 

150 

185 

0.8873 

1 . 5088 

177 

333 

3 

9a 

80 

203 

0.8876 

1 . 5064 

168 

292 

2 

24a  thermal  fuel  oil 

0.9617 

1.5535 

28.7 

3.97 

200 

381 

-9 

b 

1.0212 

1 . 6069 

77.7 

5.71 

262 

669 

0 

c 

1.0471 

1.6318 

118.9 

6.42 

296 

813 

1 

d 

1.0617 

1.6452 

103.6 

5.85 

310 

891 

7 

20a  straight  run  oil 

1 . 0055 

1.5727 

235.0 

8.9 

195 

387 

-  2 

b 

0.9968 

1.5606 

869.1 

14.9 

172 

298 

-  1 

c 

0.9661 

1.5354 

482.8 

13.6 

144 

169 

-  4 

Average  deviation 
Deviation  of  average  2 

Maximum  deviation  10 


lly,  1946 
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Straight  run  gasoline 
I !  Catalytic  gasoline 
]  I  Thermal  gasoline 

a  Catalytic  gasoline  cut 

[:b  Catalytic  gasoline  cut 
c  Catalytic  gasoline  cut 
d  Catalytic  gasoline  cut 

a  Straight-run  fuel  cut 
b  Straight-run  fuel  cut 


Fuel 

Fuel 

Thermal  gas  oil 
Thermal  gas  oil 
Catalytic  gas  oil 
Catalytic  gas  oil 
Straight-run  gas  oil 
Straight-run  gas  oil 

Lube  oil 
Lube  oil 
Lube  oil 
Lube  oil 
Lube  oil 
Lube  oil 
Lube  oil 


Table  IV.  Agreement  of  Petroleum  Fractions,  Pulfrich  Refractometer  Data 


Magnitude 

50% 

Viscosity, 

Av. 

101  X 

Boiling 

B.P., 

Centistokes 

Mol. 

n  —  Wealed. 

Range,  °  C. 

0  C. 

dj0 

„20 
n  D 

100°  F. 

210°  F. 

Wt. 

S 

c 

Sealed. 

Sealed.  S 

125 

120 

0.7521 

1.4199 

112 

107 

26 

2 

107 

0 

130 

108 

0.7555 

1 . 4253 

104 

122 

79 

2 

120 

—  2 

180 

149 

0.7910 

1.4429 

126 

124 

80 

3 

121 

—  3 

30 

79 

0.7183 

1.4013 

92 

103 

15 

2 

104 

1 

25 

107 

0.7752 

1.4352 

101 

128 

104 

2 

126 

—  2 

25 

136 

0.8159 

1.4628 

113 

148 

192 

2 

147 

—  1 

25 

163 

0.8388 

1.4775 

127 

154 

222 

3 

156 

2 

75 

132 

0.7603 

1 . 4242 

118 

107 

28 

3 

108 

1 

110 

226 

0.8143 

1.4550 

178 

116 

58 

4 

117 

1 

140 

216 

0.8506 

1.4785 

164 

140 

151 

4 

139 

- 1 

150 

174 

0.7718 

1.4318 

144 

108 

28 

3 

108 

0 

90 

198 

0.8364 

1.4585 

152 

106 

19 

4 

107 

1 

130 

267 

0 . 8549 

1 . 4780 

205 

128 

103 

5 

129 

1 

120 

236 

0.9014 

1 . 5079 

170 

157 

229 

4 

158 

1 

130 

266 

0 . 8694 

1 . 4907 

201 

146 

171 

5 

145 

—  1 

140 

267 

0.8613 

1.4811 

202 

130 

109 

5 

130 

0 

140 

263 

0.8323 

1.4652 

205 

120 

70 

5 

120 

0 

110 

283 

0.8818 

1.4836 

215 

114 

42 

5 

114 

0 

0.9173 

1.5060 

22.1 

3.60 

300 

128 

92 

7 

128 

0 

0.9126 

1.5028 

22.4 

3.69 

308 

125 

78 

7 

124 

—  1 

0.9244 

1 . 5098 

46.3 

5.34 

332 

130 

93 

7 

128 

—  2 

0.9253 

1.5105 

61.6 

6.17 

347 

129 

93 

7 

128 

—  1 

0.9325 

1.5152 

104.7 

8.0 

362 

133 

107 

8 

133 

0 

0.9311 

1.5144 

150.7 

9.9 

387 

131 

101 

8 

131 

0 

0.9390 

1.5186 

470.8 

17.5 

426 

132 

104 

8 

132 

0 

Average  deviation  1 

Deviation  of  average  0 

Maximum  deviation  —  3 


- - - 

ii  countered  in  the  petroleum  industry.  To  obtain  a  more  ac- 
irate  correction  term,  it  would  be  necessary  to  know  the  mag- 
fetude  of  difference  in  the  physical  properties  and  the  relative 
Incentrations  of  the  components.  This  information  is  not 
fcnerally  available  and  would  be  difficult  to  obtain. 


ble  V.  Agreement  of  Petroleum  Fractions,  Abbe  Refractometer 

Data 


J 


(Averaged  by  Group) 


4  troleum  fractions 
Kreulen  (5),  gas 
oils 

Fenske  (1),  lube 
oils 

Penna.  180  neu¬ 
tral 

Rodessa  neutral 
I  Midcontinent 
neutral  1 

I  Midcontinent 
neutral  2 
California  neu¬ 
tral0 

Gulf  Coast  neu¬ 
tral 


fracts  from  lube 
oils 

enske  (1) 

Bosco  neutral  ex¬ 
tracts 

Bosco  neutral  ex¬ 
tracts 

Bosco  neutral, 
H2SO.,  AlClj, 
and  clay- 
treated  frac¬ 
tions 

P  Midcontinent  2 
extracts 

Midcontinent  2 
extracts 

Mair  and  Schick- 
tanz  (13) 
Midcontinent 
extracts 
Midcontinent 
extracts 

Mair  and  Willing- 
I  ham  (24) 
Midcontinent 
extracts 
Hydrogenated 
extracts 


No.  of 

Frac-  Mol. 
tions  W  t. 

a 

10*  X  B  - 

Wealed. 

C 

Scaled. 

Scaled. 

11 

219 

130 

113 

5 

131 

1 

22 

393 

115 

53 

8 

119 

4 

16 

396 

107 

49 

8 

118 

ID 

18 

380 

126 

85 

8 

127 

1 

18 

366 

126 

89 

8 

128 

2 

17 

303 

137 

136 

7 

139 

2 

18 

345 

130 

101 

7 

130 

0 

Average  deviation  per  fraction 

4 

Deviation  of  average  per  fraction 

+  3 

12 

135 

145 

134 

-  1 

11 

96 

-10 

98 

2 

9 

106 

49 

110 

4 

4 

137 

166 

139 

2 

5 

92 

12 

101 

9 

7 

114 

48 

110 

-4 

17 

99 

-13 

98 

-1 

52 

175 

302 

172 

-3 

15 

100 

-12 

98 

-2 

Average  deviation  per  fraction  4 

Deviation  of  average  per  fraction  —  1 


“Two  fractions  obviously  in  error  omitted  from  tabulation. 


ACCURACY 

Table  II  presents  the  data  on  362  pure  hydrocarbons  of  all 
types  and  degrees  of  unsaturation.  The  average  deviation  (with¬ 
out  regard  to  sign)  of  the  calculated  specific  dispersion  is  7  units. 
Nine  compounds  have  been  omitted  from  this  average  because 
of  their  wide  deviation  from  the  average  line,  Figure  1.  These 
compounds  fall  into  two  classes  whose  specific  dispersion  is  ex¬ 
tremely  high,  the  anthracenes  and  aromatics  with  conjugated 
diolefin  side  chain.  The  calculated  specific  dispersions  of  these 
nine  compounds  are  lower  than  the  experimental  values.  The 
authors  intend  to  make  a  further  investigation  of  this  deviation. 

The  averages  for  all  other  classes,  including  acetylenes  and 
conjugated  diolefins,  scatter  on  both  sides  of  the  line  as  is  demon¬ 
strated  in  Figure  1.  The  groups  showing  the  larger  numerical 
deviations  are  usually  of  higher  specific  dispersion,  so  that  devia¬ 
tions  considered  on  a  percentage  basis  are  about  the  same.  Tri¬ 
olefins  and  other  types  which  polymerize  readily,  and  which 
are  difficult  to  synthesize  and  analyze,  show  the  poorest  agreement 
with  the  equation. 

These  pure  hydrocarbon  data  are  obtained  from  the  sources 
fisted  previously  ( 12 )  and  from  Thorpe  and  Larsen  (17). 

Table  III  presents  data  obtained  in  this  laboratory  on  aro¬ 
matic  extracts  from  petroleum.  These  fractions  include  straight- 
run,  thermal,  and  catalytic  materials  of  narrow  and  wide  boiling 
range,  from  the  gasoline  to  lube  oil  boiling  ranges.  Specific  dis¬ 
persions  were  obtained  on  the  Pulfrich  refractometer  and  are 
accurate  within  ±0.5  unit.  The  average  deviation  for  42  frac¬ 
tions  is  3  units  and  the  maximum  deviation  is  10  units. 

Table  IV  presents  data  obtained  in  this  laboratory  on  various 
petroleum  fractions  containing  olefins,  aromatics,  paraffins,  and 
naphthenes.  For  these  materials  it  was  necessary  to  calculate 
specific  dispersions  using  the  additive  corrections  because  these 
fractions  are  mixtures  of  different  hydrocarbon  types.  Average 
deviation  for  25  fractions  is  1  unit,  maximum  deviation  is  —3 
units. 

Table  V  shows  literature  data  for  252  petroleum  fractions  on 
which  dispersions  have  been  determined  with  the  Abbe-type 
refractometer.  The  average  deviation  is  4  units,  which  is  com¬ 
parable  with  the  experimental  accuracy  of  the  data. 

Nonhydrocarbons  will,  of  course,  affect  the  calculation,  but 
are  probably  present  in  concentrations  too  small  to  be  significant. 

The  data  in  Tables  III  and  IV  demonstrate  that  the  specific 
dispersion  of  petroleum  fractions  may  be  calculated  with  an  ac- 
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curacy  of  ±3  units.  This  is  comparable  with  experimental 
determination  on  the  Abbe-type  instrument  which  is,  accord¬ 
ing  to  von  Fuchs  (2),  accurate  within  3  dispersion  units. 
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Determination  of  Copper  in  Cast  Iron  and  Steels 

with  Quinaldic  Acid 

JOHN  F.  FLAGG  AND  DON  W.  VANAS,  Department  of  Chemistry,  The  University  of  Rochester,  Rochester,  N.  Y. 


The  method  of  Zan’ko  and  Butenko  for  the  determination  of  copper 
in  steel  by  precipitating  with  quinaldic  acid  has  been  investigated 
and  extensively  modified.  Satisfactory  results  are  obtained  only 
after  a  reprecipitation  of  the  copper  quinaldate.  The  speed  of  the 
method  may  be  increased  by  making  a  preliminary  separation  of 
copper  by  internal  electrolysis,  using  an  aluminum  anode.  Spec- 
trographic  studies  showed  precipitates  to  be  of  sufficient  purity  for 
reliable  results.  The  method,  as  applied  to  Bureau  of  Standards  steels, 
gave  an  accuracy  of  about  2  to  3%  on  samples  containing  0.1% 
or  more  of  copper,  but  less  at  lower  percentages  of  copper.  The 
precision  is  about  the  same  as  the  accuracy. 

METHODS  available  for  determining  copper  in  cast  iron  and 
steel  include  hydrogen  sulfide  precipitation  (13),  direct 
electrolysis  (5,  10,  12,  15),  polarography  (9),  spectrographic 
methods  (18),  and  precipitation  with  organic  reagents.  Among 
the  reagents  whose  use  as  precipitants  for  copper  has  been  recom¬ 
mended  are  salicylaldoxime  (7,  16),  benzotriazole  (2),  a-benzo- 
inoxime  (8,  14,  17),  5,7-dibromo-8-hydroxyquinoline  (19),  and 
quinaldic  acid  (20). 

The  method  described  in  this  paper  employs  quinaldic  acid  as 
the  precipitant  for  copper.  The  method  has  been  studied  in  some 
detail  in  order  to  obtain  a  clear  picture  of  the  conditions  neces¬ 
sary  for  precipitation,  the  sources  of  interference,  and,  finally, 
its  ultimate  accuracy.  (Studies  were  also  made  using  5,7-di- 
bromo-8-hydroxyquinoline.  The  extreme  insolubility  of  this  rea¬ 
gent  in  water  caused  its  precipitation,  in  many  cases,  along  with 
the  copper  salt,  and  its  further  use  was  not  investigated.) 

Quinaldic  acid  was  chosen  as  the  precipitant  because  of  its 
solubility  in  water  and  stability  in  solution,  the  definite  composi¬ 
tion  of  its  salts  and  their  easy  filtration,  and  because  information 
on  the  behavior  of  other  quinaldates  was  available  (3).  The 
method  of  investigation  has  been  to  test  the  precipitation  of 
copper  under  conditions  similar  to  those  encountered  in  steel 
analysis,  and  then  to  analyze  Bureau  of  Standards  steels. 

MATERIALS  AND  APPARATUS 

Quinaldic  acid  was  prepared  by  the  method  of  Hammick  (6) 
from  quinaldine,  Eastman  No.  216.  The  product  was  recrys¬ 
tallized  from  glacial  acetic  acid  and  melted  at  156-156.5°  (un¬ 
corrected).  Hammick  gives  156°  (uncorrected)  as  the  melting 
point.  A  1%  solution  of  the  acid  in  water  neutralized  to  pH  7 
with  sodium  hydroxide  was  used  as  a  reagent. 


Standard  copper  solutions  were  prepared  by  dissolving  accu 
rately  weighed  samples  of  freshly  cleaned  pure  electrolytic  coppe 
foil  in  dilute  nitric  acid  and  diluting  to  volume. 

Ferric  salts,  for  use  in  making  synthetic  solutions,  were  mad 
by  dissolving  Baker’s  primary  standard  iron  wire  in  the  appro 
priate  acids.  Baker’s  c.p.  iron  powder,  by  hydrogen,  was  als 
used  and  has  the  advantage  of  dissolving  more  rapidly.  How 
ever,  it  contains  sufficient  insoluble  material  to  require  filtratio- 
of  its  solutions  before  use. 

Tartaric  acid  was  Merck’s  reagent  grade,  fine  crystals.  Oxali 
acid  was  U.S.P.  grade.  Hydroxylamine  hydrochloride  was  th 
Eastman  material  and  was  generally  dissolved  in  a  small  amoun 
of  water  immediately  before  use. 

All  other  reagents  and  chemicals  were  of  the  highest  purit 
obtainable.  Normax  volumetric  ware  was  used  throughout 
The  weighings  were  performed  in  a  new  Seko  analytical  balanc 
with  a  sensitivity  of  0.2  mg.  per  scale  division  and  a  reliabilit; 
determined  as  ±0.03  mg.  by  the  method  of  Benedetti-Pichle 
(1).  A  Beckman  pH  meter  with  glass  electrode  assembly,  fre 
quently  tested  against  carefully  prepared  standard  buffers,  wa 
used  for  the  pH  measurements. 

\  EXPERIMENTAL 

A.  Double  Quinaldic  Acid  Precipitation.  The  pre 
cipitation  of  metals  from  solution  with  quinaldic  acid  has  bee 
investigated  theoretically  by  Flagg  and  McClure  (3).  The  fol 
lowing  procedure  was  followed  to  check  the  reliability  of  the  dc 
•  termination  of  a  small  amount  of  copper  from  a  pure  standari 
solution.  I 

Sufficient  standard  copper  solution  to  contain  1.008  mg.  o 
copper  was  pipetted  into  a  250-ml.  beaker  and  5  ml.  of  glacis 
acetic  acid  were  added.  The  solution  was  diluted  to  95  ml.  am 
the  pH  adjusted  to  5.5  with  dilute  sodium  hydroxide.  Th 
mixture  was  then  heated  to  70°  to  80°  C.  and  5  ml.  of  the  lp 
quinaldic  acid  (50  mg.)  solution  were  added  slowly.  The  pre 
cipitate  was  digested  15  or  20  minutes  on  a  steam  bath  am 
allowed  to  cool  to  room  temperature  before  filtering.  Afte 
the  precipitate  was  collected  on  a  weighed  Pyrex  30F  filterin; 
crucible  and  washed  several  times  with  water,  it  was  brought  t 
constant  weight  at  115-120°  C.  Two  such  determinations  gav 
an  average  value  of  1.012  ±  0.009  mg. 

The  procedure  was  then  repeated,  substituting  oxalic  or  tar 
taric  acid  for  acetic  acid.  No  precipitate  appeared  in  any  o 
several  trials  using  2  grams  of  oxalic  acid  at  a  pH  of  5.5.  Twi 
runs  in  which  2  grams  of  tartaric  acid  and  a  pH  of  5.5  were  use< 
gave  an  average  value  of  1.013  ±  0.003  mg.  for  the  weight  o 
copper.  Evidently  the  complex  formed  by  cupric  ion  witl 
oxalate  is  too  stable  to  permit  the  precipitation  of  copper  quin 
aldateatthis  pH. 
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The  high  pH  value  was  used  because  the  stability  of  the  com- 
lexes  formed  with  oxalate  and  tartrate  increases  with  increasing 
H,  so  that  any  interference  of  these  ions  with  the  precipitation 
f  the  copper  will  be  magnified.  In  practice,  quantitative  pre- 
ipitation  can  be  obtained  under  these  conditions  with  a  pH  as 
)w  as  2.6.  Obviously,  copper  can  be  quantitatively  precipi- 
ated  as  the  quinaldate  in  the  presence  of  a  large  excess  of  tar- 
rate. 

When  test  analyses  were  begun  on  synthetic  solutions  con- 
aining  1  gram  of  iron  (III)  and  6  grams  of  tartaric  acid,  a  diffi- 
ulty  was  encountered  in  the  precipitation  of  large  quantities  of 
asic  ferric  tartrates  on  neutralization.  Experimentation  showed 
hat  the  basic  salts  do  not  appear  if  the  iron  was  originally  present 
Is  the  nitrate  or  sulfate,  but  appear  only  when  much  of  the  iron 
ras  there  as  the  chloride.  Hence,  thereafter,  the  iron  for  the 
ynthetic  mixture  was  dissolved  in  a  mixture  of  nitric  and  sul- 

rric  acids. 

The  procedure  used  for  the  analysis  of  synthetic  mixtures  was 
follows : 

To  the  pipetted  volume  of  the  standard  copper  solution  were 
dded  the  solution  of  1  gram  of  iron  as  ferric  sulfate  and  6  grams 
f  tartaric  acid.  The  solution  was  brought  to  the  desired  pH 
fith  concentrated  ammonium  hydroxide  and  an  excess  of  quin- 
ldic  acid  was  added  after  heating  to  70°  to  80°  C.  Filtration, 
be.,  were  as  in  the  determinations  described  above.  In  every  case 
le  precipitates  were  contaminated  with  ferric  quinaldate,  as  evi- 
enced  by  their  color.  Several  different  wash  liquids  were  tried, 
ut  none  was  successful  in  removing  the  contamination. 

Results  obtained  are  given  in  Table  I.  The  amount  of  iron 
oprecipitated  is  seen  to  vary  irregularly  with  the  pH.  In  runs 
milar  to  those  reported  in  Table  I  the  amount  of  iron  in  the 
recipitate  was  estimated  and  up  to  0.03  mg.  was  found.  Ob- 
iously  the  single  precipitation  does  not  give  a  satisfactory  sepa- 
ition  of  copper  from  such  a  large  quantity  of  iron.  A  double 
recipitation  procedure  was  then  tried  on  standard  steel  samples 
btained  from  the  Bureau  of  Standards. 

Recommended  Procedure.  A  factor  weight  (1.493  grams) 
ample  of  the  material  is  dissolved  in  15  to  20  ml.  of  aqua  regia. 
vTien  the  material  has  dissolved  completely,  10  ml.  of  dilute 
ulfuric  acid  (1  to  1)  are  added  and  the  solution  is  evaporated  to 
lense  white  fumes  of  sulfur  trioxide.  The  residue  is  taken  up  in 
0  ml.  of  water  and  as  much  dilute  sulfuric  acid  (1  to  4)  as  neces- 
hry  to  effect  solution  of  the  salts.  Next  the  silica  and  other 
nsoluble  material  are  filtered  off  on  Whatman  No.  40  filter  paper, 
.fter  the  silica  is  washed  once  with  water,  it  is  washed  with  25 
d.  of  a  solution  containing  10  grams  of  ammonium  tartrate,  and 
hen  once  more  with  water.  Concentrated  ammonium  hydroxide 
;  then  added  to  the  combined  filtrate  and  washings  until  it  turns 
deep  cherry  red  color.  Upon  cooling  the  pH  is  adjusted  to  3.0  =*= 
.2  with  dilute  ammonium  hydroxide  (1  to  3)  or  dilute  sulfuric 
jcid  (1  to  4).  The  solution  is  then  heated  to  70°  to  80°  C.  and 
ml.  of  1%  quinaldic  acid  solution  are  added  per  milligram  of 
apper  present.  Solution  and  precipitate  are  digested  on  the 
team  bath  fpr  half  an  hour  and  then  allowed  to  cool  to  room 
jmperature.  The  precipitate  is  collected  on  the  filtering  cru- 
ible  and  washed  once  or  twice  with  cold  water. 

The  filtering  crucible  is  placed  in  an  apparatus  designed  for 
uantitative  recovery  of  filtrate  and  the  precipitate  is  dissolved 
l  a  few  milliliters  of  hot  dilute  hydrochloric  acid  (1  to  1).  The 
rucible  is  rinsed  wfith  several  small  portions  of  hot  acid  and 
nally  with  water.  To  the  filtrate  2  grams  of  tartaric  acid  and 
ml.  of  the  quinaldic  acid  solution  are  added  and  the  pH  is  ad- 
rsted  to  about  3  with  dilute  ammonium  hydroxide  (1  to  4).  The 
recipitate  is  digested  at  70°  to  80°  C.,  cooled  and  filtered  as  be- 


able  I.  Determination  of  Copper  by  Precipitation  with  Quinaldic 
Acid  from  Synthetic  Mixtures 


Quinaldic 

Weight  of  Precipitate 

u  Taken 

pH 

Acid  Used 

Theoretical 

Actual 

Mg. 

Mg. 

Mg. 

Mg. 

1.01 

3.4 

50 

6.77 

10.18 

1.01 

5.8 

50 

6.77 

7.64 

5.04 

2.4 

100 

32.75 

36.28 

i  5.04 

3.7 

100 

32.75 

37.99 

5.04 

4.5 

100 

32.75 

36.12 

Table  II.  Determination  of  Copper  in  Standard  Steels  by  Double 
Quinaldic  Acid  Precipitation 


* 

B.  of  S. 

First 

Second 

Certi¬ 

B.  of  S. 

• 

Precipi¬ 

Precipi¬ 

Aver¬ 

ficate 

No. 

Type 

tation 

tation 

ages 

Value 

% 

% 

% 

% 

Ill 

Ni-Mo 

0.151 

0.115 

0.146 

0.136 

0.117 

0.127 

0M21 

0.118 

0.122 

106 

Cr-Mo-Al 

0.162 

...  ^ 

0.166 

0.140 

0.156 

0.139 

0.140 

0.142 

101 

18-8 

0.075 

0.066 

0.055 

0.061 

0.055 

5h 

Cast  Fe 

1.57 

1.46 

1.45 

1.40 

1.61 

1.46 

1.53 

1.47 

1.45 

1.45 

lie 

Plain,  low  C 

0.114 

0.103 

0.117 

0.103 

1 . 103 

0.105 

125 

High  Si 

0.081 

0.067 

0.066 

0.055 

0.070 

0.052 

0.058 

0.066 

30c 

Cr-V 

0.092 

0.092 

0.110 

0.106 

0.099 

0.099 

55a 

Ingot  iron 

0.043 

0.043 

0.046 

0.043 

0.043 

0.046 

8d 

Bessemer 

0.011 

0.011 

0.015 

0.010 

0.011 

0.013 

fore,  this  time  on  a  weighed  glass  crucible,  and  washed  with  cold 
water.  The  crucible  is  dried  at  115°  to  120°  C.  for  one  hour  and 
weighed.  The  w'eight  of  the  precipitate  in  milligrams  divided 
by  100  gives  the  percentage  of  copper  in  the  sample. 

The  values  given  in  Table  II  were  obtained  by  this  method. 
In  most  cases  the  copper  quinaldate  from  the  first  precipitation 
was  dried  and  weighed  and  that  value  is  given  also.  Perchloric 
acid  digestion  was  tried  because  of  the  difficulty  encountered  in 
dissolving  the  basic  salts  formed  in  the  sulfuric  acid  evaporation, 
particularly  since  hydrochloric  acid  cannot  be  used  to  aid  in  re- 
dissolving  them.  However,  solutions  prepared  in  this  manner 
tend  to  give  precipitates  of  basic  tartrates  similar  to  those  that 
form  when  chloride  is  used.  It  was  found,  in  general,  that  it  is  not 
necessary  to  redissolve  the  basic  salts  formed  in  the  evaporation 
quantitatively  before  filtering  in  order  to  obtain  good  results. 
The  pH  meter  need  not  be  used  in  these  precipitations.  The  pre¬ 
cipitations  may  be  carried  out  satisfactorily  at  a  somewhat  higher 
pH,  using  nitrazine  paper  for  the  first  neutralization  and  methyl 
orange  for  the  second.  The  Filtrator,  obtainable  from  the  Fisher 
Scientific  Company,  Pittsburgh,  Pa.,  was  found  to  be  most  con¬ 
venient  in  obtaining  quantitative  recovery  of  the  filtrate  after 
dissolving  the  impure  copper  quinaldate  from  the  first  precipi¬ 
tation. 

The  silica  precipitates,  reprecipitation  filtrates,  and  copper 
quinaldate  precipitates  from  several  of  the  analyses  reported  in 
Table  U  were  reserved  for  qualitative  spectrographic  analysis. 
The  spectrum  plates  were  taken  with  a  Bausch  &  Lomb  large 
Littrow  spectrograph  and  analyzed  in  a  roughly  quantitative 
manner  by  the  projection  method.  The  results  show'ed  definitely 
that  the  copper  quinaldate  precipitates  were  not  contaminated 
with  weighable  quantities  of  any  elements.  Further,  the  quan¬ 
tities  of  copper  lost  to  the  silica  precipitates  and  the  reprecipita¬ 
tion  filtrates  are  also  negligible.  Hence  it  is  likely  that  the  favor¬ 
able  results  reported  in  Table  II  are  not  the  result  of  compensating 
errors.  The  copper  quinaldate  precipitates  were  generally  free 
from  iron;  occasional  traces  of  nickel,  zinc,  silver,  tin,  titanium, 
lead,  chromium,  cobalt,  and  manganese  were  found.  Notably 
absent  were  the  elements  silicon,  tungsten,  vanadium,  and  molyb¬ 
denum. 

B.  Preliminary  Separation  by  Internal  Electrolysis. 
The  separation  of  copper  from  iron  by  internal  electrolysis  using 
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Tabic  III.  Determination  of  Copper  by  Internal  Electrolysis  from 


Ferrous  Chloride  Solution 

Time  of 

Cu  For 

Cu  Taken 

Electrolysis 

Mg. 

Min. 

Mg. 

5.04 

45 

4.98 

5.01 

75 

5.04 

5.01 

30 

5.00 

1.00 

75 

1.04 

1.00 

30 

1.04 

Table  IV.  Determination  of  Copper  in  Steels  by  Quinaldic  Acid 
Precipitation  after  Separation  by  Internal  Electrolysis 


B.  of  S. 

No. 

Type 

B.  of  S. 
Certificate 
Value 

%  Cu 
Found 

Ill 

Ni-Mo 

0.122 

0.120 

lie 

Plain,  low  C 

0.105 

0.102 

125 

High  Si 

0.066 

0.061 

50a 

Cr-V-W 

0.047 

0.043 

55a 

Ingot  iron 

0.046 

0.048 

101 

18-8 

0.055 

0.035 

an  aluminum  anode  has  been  described  by  Lurie  and  Ginsburg 
(11).  An  extension  of  their  work  by  Flagg  and  Underwood  (4) 
indicated  that  the  separation  of  milligram  quantities  of  copper 
from  1  gram  of  iron  was  at  least  feasible.  The  technique  is 
simpler  and  in  general  more  rapid  than  external  electrolytic 
methods  and  appeared  to  offer  a  method  applicable  to  steel  analy¬ 
sis. 

The  apparatus  used  was  similar  to  that  of  Lurie  and  Ginsburg 
(11).  The  cathode  was  an  ordinary  platinum  gauze  electrode, 
the  anode  a  23-cm.  length  of  Baker’s  99.99%  aluminum  wire 
bent  into  a  spiral  or  simple  loop.  The  electrolysis  and  prelimi- 
nar}'  operations  were  carried  out  in  an  electrolysis  cell  made  by 
cutting  a  38  X  300  mm.  Pyrex  test  tube  to  a  length  of  13  cm. 
Test  analyses  were  run  from  a  solution  containing  1  gram  of  iron 
as  ferrous  chloride.  To  the  iron  solution  in  the  electrolysis  vessel 
were  added  the  pipetted  volume  of  standard  copper  solution,  1 
ml.  of  concentrated  hydrochloric  acid,  and  1  ml.  of  concentrated 
nitric  acid.  The  cell  was  then  immersed  in  a  beaker  of  water  held 
at  70°  to  80°  C.  by  a  steam  bath  and  the  electrolysis  continued 
for  the  time  indicated.  At  the  end  of  the  run  the  electrodes  were 
removed  with  a  stream  of  water  playing  on  the  cathode,  rinsed  in 
distilled  water  and  acetone,  and  dried  and  weighed  in  the  usual 
manner.  Results  obtained  are  shown  in  Table  III. 

Analyses  of  Bureau  of  Standards  nickel-molybdenum  steel,  No. 
Ill,  were  then  attempted.  A  1-gram  sample  was  weighed  in 
the  electrolysis  vessel  and  dissolved  in  aqua  regia.  Three  milli¬ 
liters  of  concentrated  sulfuric  acid  were  added  and  the  solution 
was  evaporated  to  fumes.  The  residue  was  taken  up  with  about 
10  ml.  of  water,  and  boiled,  and  1.2  grams  of  hydroxylamine  hy¬ 
drochloride  in  10  ml.  of  water  were  added  to  reduce  ferric  ion  to 
ferrous.  Two  milliliters  of  dilute  hydrochloric  acid  (1  to  1) 
and  2  ml.  of  dilute  nitric  acid  (1  to  3)  were  added  and  the  elec¬ 
trolysis  was  carried  out  as  above. 

Six  such  analyses  gave  a  value  of  0.157  ±  0.021%  copper  as 
compared  with  the  standard  analysis  of  0.122%.  The  poor  pre¬ 
cision  is  explained  by  the  possibility  of  a  varying  amount  of  in¬ 
soluble  silica  and  graphite  being  occluded  in  the  deposit.  A  simi¬ 
lar  effect  was  noted  by  MacNeven  and  Bournique  (12)  in  external 
microelectrolysis  and  was  avoided  by  filtering  before  electrolysis. 
The  high  results  are  due  to  this  occlusion  and  to  the  presence  of 
small  amounts  of  other  metals  which  can  be  deposited  under 
these  conditions.  Their  presence  was  confirmed  by  spectro- 
graphic  analysis  of  three  of  the  deposits,  all  of  which  showed 
fairly  strong  lines  of  silver,  bismuth,  and  tin.  The  combined 
percentages  of  these  elements  would  not  have  to  exceed  0.02%  to 
account  for  the  above  error.  However,  it  was  found  that  this 
interference  can  be  eliminated  if  the  deposit  be  stripped  and  the 
copper  determined  by  quinaldic  acid  precipitation. 

Recommended  Procedure.  The  deposits  are  stripped,  after  dis¬ 
solving  and  electrolyzing  the  sample  as  described  above,  with 


concentrated  nitric  acid  in  an  apparatus  similar  to  that  described 
by  Silverman,  Goodman,  and  Walter  (15).  The  solutions  are 
then  run  into  150-ml.  beakers  and  5  grams  of  ammonium  acetate 
are  added.  The  pH  is  adjusted  to  3  to  3.5,  but  methyl  orange 
may  be  used  with  equally  satisfactory  results.  The  copper  is  then 
determined  by  precipitating  with  50  mg.  of  quinaldic  acid;  fil¬ 
tration,  washing,  and  drying  of  the  precipitates  are  as  described  in 
Section  A,  recommended  procedure.  Results  obtained  on  several 
Bureau  of  Standards  steel  samples  are  given  in  Table  IV. 

The  values  obtained  are  satisfactory  in  most  cases.  The  18-8  . 
steel,  No.  101,  at  the  point  of  electrolysis  had  suspended  in  the 
solution  large  amounts  of  basic  chromic  sulfate,  which  may  have 
prevented  complete  deposition  of  the  copper.  The  solution  was  . 
usually  sufficiently  acid  after  the  evaporation,  so  that  additional 
acid  was  unnecessary.  In  this  case  the  chloride  and  nitrate  ions 
necessary  to  the  smooth  performance  of  the  electrolysis  were 
added  as  the  sodium  salts  instead.  In  the  case  of  readily  soluble 
materials,  such  as  the  ingot  iron,  No.  55a,  the  evaporation  can  be ,, 
omitted  entirely,  as  the  acid  concentration  when  solution  is  com- , 
plete  will  be  just  about  that  required  for  smooth  electrolysis. 

Spectrographic  analysis  showed  that  the  precipitate  is  as  a 
rule  somewhat  less  pure  than  that  obtained  by  a  double  quinaldic 
acid  precipitation  but  that  the  quantities  of  the  elements  pres¬ 
ent  are  still  negligible. 

ADVANTAGES  AND  DISADVANTAGES 

Advantages.  Use  of  simple  and  readily  available  apparatus, 
an  advantage  over  conventional  electrolytic  methods;  precipi¬ 
tate  of  definite  composition;  stable  reagent  readily  soluble  in 
water. 

The  average  cost  of  materials  per  duplicate  determination  is 
about  3  cents.  The  reagent  can  be  recovered  by  dissolving  the 
precipitates  with  hydrochloric  acid,  precipitating  the  copper  with 
hydrogen  sulfide,  filtering,  and  recovering  the  quinaldic  acid 
from  the  filtrate  by  evaporation. 

Disadvantages.  Necessity  for  reprecipitation,  making  for  a 
somewhat  slower  process. 

The  method  is  no  more  accurate  than  methods  previously  in 
general  use.  In  many  steels,  the  accuracy  is  limited  by  the  small 
weight  of  precipitate  obtained. 

Complete  removal  of  chloride  ion  is  absolutely  necessary  in  the 
quinaldic  acid  procedure  in  order  to  avoid  precipitation  of  basic 
ferric  tartrate. 
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Determination  of  Rubber  Hydrocarbon 
by  a  Gravimetric  Rubber  Bromide  Method 

C.  O.  WILLITS,  M.  L.  SWAIN,  AND  C.  L.  OGG,  Eastern  Regional  Research  Laboratory,  Philadelphia  18,  Pa. 


>  direct  method  is  given  for  determining  rubber  hydrocarbon  in  ex- 
icts  from  plant  tissues,  and  in  rubber  crudes,  latices,  and  liquors, 
re  method  is  based  upon  the  formation  of  an  alcohol-insoluble 
bber  bromide  whose  composition  varies  slightly,  depending  on 
e  source  of  the  rubber.  Gravimetric  factors  are  established  for 
averting  weights  of  rubber  bromide  to  weight  of  rubber,  when  the 
mrce  is  guayule,  Cryptostegia,  or  kok-saghyz.  Data  are  pre- 
nted  showing  that  reasonable  variations  in  time  and  temperature 
bromination  and  changes  in  concentration  of  rubber  and  bromi- 
iting  solution,  within  rather  wide  limits,  do  not  appreciably  alter 
e  accuracy  of  the  method. 

NIRECT  determination  of  rubber  hydrocarbon  in  crude  rub- 
J  bers  and  in  latices  has  been  generally  considered  so  inac- 
iirate  and  unreliable  that  determination  of  rubber  hydrocarbon 
t  difference  has  been  a  common  practice.  The  difference 
method  usually  suffices  in  the  analysis  of  products  derived  from 
evea  rubber,  in  which  the  nonrubber  constituents  have  been 
ell  characterized  or  occur  in  low  concentration.  In  the  analy- 
of  natural  rubber  products  obtained  from  sources  other 
ian  Hevea,  such  as  guayule,  kok-saghyz,  and  Cryptostegia, 

■  e  situation  is  different.  The  chemical  and  physical  properties 

(the  nonrubber  constituents  of  such  products  are  largely  un- 
lown,  and  in  many  cases  the  nonrubber  contaminants  are 
esent  in  excessive  amounts,  sometimes  more  than  50%  of  the 
tal.  Since  the  rubber  hydrocarbon  analysis  usually  affords 
e  most  reliable  means  for  estimating  the  rubber  content  of 
ants  and  for  following  the  concentration  and  purification  of 
:  bber  by  mechanical  and  chemical  processes,  it  appeared  desir- 

!ile  to  devise  or  adapt  a  method  which  would  permit  direct 
■termination  of  this  constituent  in  the  presence  of  relatively 
rge  amounts  of  natural  and  added  contaminants. 

Among  the  methods  for  determination  of  rubber  in  the  litera- 
■  re,  those  which  have  received  the  largest  amount  of  study  are 
■  e  gravimetric  (1,  3,  5, 10,12)  and  volumetric  ( 7,11,13 )  methods 
used  on  the  formation  of  the  bromine  derivative  of  rubber. 
';her  methods  are  the  empirical  chromic  acid  oxidation  (4),  the 
irect  alcohol  precipitation  (6),  and  the  nitrosite  procedures  (9, 
I).  The  gravimetric  bromide  method  showed  the  great- 
1 1  promise  of  adaptability  to  the  determination  of  rubber  hydro- 
irbon  in  a  wide  variety  of  rubber-containing  products.  Both 
ie  volumetric  bromide  method  and  the  chromic  acid  oxidation 
isthod  are  subject  to  error  when  the  rubber  contains  material 
1  her  than  rubber  hydrocarbon,  since  any  nonrubber  compounds 
ipable  of  reacting  with  bromine  interfere  in  the  volumetric 
lomide  method  and  any  constituents  yielding  volatile  acids  on 
ijestion  with  chromic  acid  tend  to  give  high  results  if  the 
iromic  acid  oxidation  method  is  employed.  Estimation  of 
lbber  by  direct  weighing  of  the  hydrocarbon  precipitated  with 
i^ohol  is  not  applicable  to  the  determination  of  rubber  in  im- 
]  re  or  dilute  solutions.  The  nitrosite  method  was  not  investi- 
I  ted,  since  it  has  never  met  with  favor  because  of  the  uncertain 
imposition  of  the  reaction  products.  The  gravimetric  bromide 
uthod  was  therefore  selected  for  further  investigation  as  a  pos- 
file  and  practical  means  for  the  direct  estimation  of  rubber 
1  drocarbon. 

The  bromine  derivative  of  rubber  or  the  so-called  “tetra- 
1  amide”  was  first  prepared  by  Gladstone  and  Hibbert  (<?),  who 
Mated  the  compound  by  evaporating  the  solvent  from  a  chloro- 
1  m-rubber  solution  that  had  been  treated  with  bromine.  Weber 
l()  found  that  the  compound  could  be  more  conveniently  iso¬ 


lated  by  precipitation  with  alcohol.  Analysis  of  his  prepara¬ 
tion  showed  a  composition  in  essential  agreement  with  the  for¬ 
mula  CioHieBri.  The  methods  devised  for  determination  of 
rubber  hydrocarbon  based  on  the  formation  of  the  bromide  vary 
in  the  choice  of  (a)  rubber  solvent  (carbon  tetrachloride,  chloro¬ 
form,  or  benzene),  ( b )  brominating  conditions  such  as  time,  tem¬ 
perature,  and  composition  and  concentration  of  the  reagent,  and 
(c)  bromide  precipitant  (alcohol,  acetone,  or  petroleum  ether). 
In  several  of  the  methods  the  bromine  in  the  isolated  bromide 
precipitate  is  determined  and  the  amount  of  rubber  hydrocarbon 
calculated  by  using  the  ratio  of  1  isoprene  unit  (C6H8)  to  2 
bromine. 

Several  early  investigators  recognized  that  this  theoretical 
ratio  was  not  obtained  in  practice,  since  formation  of  the  bromide 
was  generally  accompanied  by  liberation  of  hydrogen  bromide, 
indicating  that  substitution  as  well  as  addition  of  bromine  took 
place.  Hinrichsen  and  Kindscher  (10)  observed  no  liberation 
of  hydrogen  bromide  if  the  bromination  was  carried  out  at  0°  C., 
and  proposed  a  method  based  on  this  finding.  The  volumetric 
bromide  method  of  Lewis  and  McAdams  (11)  attempted  to  evalu¬ 
ate  the  amount  of  substitution  by  titration  of  the  liberated  hy¬ 
drogen  bromide  and  corrected  the  results  accordingly.  Bloom¬ 
field  (2)  has  recently  reported  that  when  bromination  of  rubber 
is  carried  out  at  temperatures  below  0°  C.  in  a  medium  con¬ 
taining  a  trace  of  alcohol,  substitution  of  bromine  is  minimized. 
A  simple  adaptation  of  the  bromide  method  was  made  by  Edi¬ 
son  (5)  and  his  associates  for  use  in  their  survey  of  native  Ameri¬ 
can  plants  as  potential  sources  of  natural  rubber.  In  this  method, 
a  benzene  or  carbon  tetrachloride  solution  of  rubber  is  bromi- 
nated  for  one  hour,  the  bromide  is  precipitated  with  alcohol, 
washed,  dried,  and  weighed,  and  the  rubber  hydrocarbon  con¬ 
tent  is  calculated  by  multiplying  the  weight  of  recovered  bromide 
by  an  empirical  factor,  0.285,  instead  of  the  theoretical  factor, 
0.299. 

Since  conversion  of  weight  of  rubber  bromide  to  weight  of 
rubber  is  based  on  an  empirical  factor,  it  was  necessary  to  estab¬ 
lish  this  factor  for  rubber  from  different  sources.  Effects  of 
variations  in  conditions  were  studied  to  determine  the  limits 
within  which  it  is  possible  to  use  the  established  factor. 

EXPERIMENTAL 

Samples  of  rubber  bromide  for  ultimate  analysis  were  pre¬ 
pared  by  the  bromination  of  benzene  solutions  of  rubber  de¬ 
rived  from  various  Cryptostegia,  guayule,  and  kok-saghyz  prod¬ 
ucts.  Benzene  solutions  of  the  rubber  of  each  plant  species  were 
obtained  as  benzene  extracts  of  the  acetone-extracted  plant  tis¬ 
sues,  solutions  of  the  resin-containing  crude  rubber,  milled,  or 
extracted  from  the  plants,  or  extracts  of  latices  or  plant  liquors 
prepared  from  the  plants. 

Accurately  measured  volumes  of  such  rubber  solutions  con¬ 
taining  between  2  and  2.5  mg.  of  rubber  per  ml.  were  brominated 
at  room  temperature  by  adding  1  ml.  of  the  brominating  solu¬ 
tion  (see  reagents)  for  every  10  ml.  of  rubber  solution.  Bromina¬ 
tion  was  stopped  and  the  bromide  precipitated  at  the  end  of  an 
hour  by  the  addition  of  30  ml.  of  absolute  alcohol  for  every  10  ml. 
of  the  brominated  mixture.  The  bromide  was  allowed  to  settle 
for  2  hours  and  was  then  filtered,  washed  with  absolute  alcohol, 
and  dried  to  constant  weight  at  50°  C.  in  vacuo.  The  dried 
precipitates  were  analyzed  for  carbon  and  hydrogen  and  in 
some  cases  for  bromine.  When  the  bromide  was  separated  by 
filtration  from  the  mother  liquor  immediately  after  precipita¬ 
tion,  the  weight  and  composition  of  the  recovered  bromide  were 
the  same  as  those  of  the  bromide  separated  after  standing  for  2 
hours. 

All  analyses  of  carbon,  hydrogen,  and  bromine  were  made  by 
common  microprocedures.  Many  analyses  were  made  of  bro¬ 
mides  prepared  from  resin-free  solvent-extracted  rubber,  crude 
rubber,  and  rubber  latex  obtained  from  each  of  the  three  plant 
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Table  I.  Composition  of  Rubber  Bromides2  from  Three  Plant 

Sources 


Bro¬ 

Car¬ 

Hydro¬ 

Sum  of 

Plant  Product  from 

mine, 

bon, 

gen, 

C  +  H, 

Total, 

Source  Which  Prepared 

% 

% 

% 

% 

% 

Guayule  Latex  dispersion 

25.9 

3.4 

29.3 

Crude  rubber 

25.3 

3.5 

28.8 

Acetone-extracted 

plant  tissue 

69.8 

25.9 

3.5 

29.4 

99.2 

Av. 

25.7 

3.5 

29.2 

Kok-saghyz  Crude  rubber 

69.9 

25.7 

3.2 

28.9 

98.8 

Acetone-extracted 

plant  tissue 

70.4 

25.9 

3.3 

29.2 

99.6 

Av. 

25.8 

3.2 

29.0 

Cryptostegia  Crude  rubber 

69.2 

27.0 

3.4 

30.4 

99.6 

Acetone-extracted 

plant  tissue 

69.9 

26.9 

3.4 

30.3 

100.2 

Av. 

26.9 

3.4 

30.3 

Theoretical  composition  of 

C6H8Br2  70.12  26.34  3.54  29.88 

®  Each  value  is  average  of  values  obtained  in  three  to  eight  determina¬ 
tions. 


Table  II.  Effect  of  Volume  Ratio  of  Brominating  Reagent  to 
Rubber-Benzene  Solution  on  Weight  of  Rubber  Precipitated 


Kok-saghyz _  _ Guayule 


Br  Solution 
per  10  Ml.  of 

Rubber 
bromide 
from  20  ml. 

WT t .  of 

Rubber 
bromide 
from  20  ml. 

Wt.  of 

Rubber-Ben- 

of  rubber- 

rubber 

of  rubber- 

rubber 

zene  Solution 

benzene 

calculated® 

benzene 

calculated!* 

ML 

Grams 

Grams 

Grams 

Grams 

1 

0.1133 

0.0329 

0.1327 

0 . 0387 

2 

0.1124 

0.0326 

0.1345 

0.0393 

3 

0.1135 

0 . 0329 

0.1348 

0 . 0394 

4 

0.1145 

0.0332 

0.1355 

0 . 0396 

5 

0. 1159 

0 . 0336 

0.1350 

0 . 0394 

6 

0.1143 

0  0331 

0.1363 

0 . 0398 

®  Gravimetric  factor  0.290. 
&  Gravimetric  factor  0.292. 


sources.  The  average  values  in  Table  I  were  obtained  by  three 
to  eight  determinations  of  bromides  from  each  source. 

The  sums  of  the  averages  of  the  carbon  and  hydrogen  con¬ 
tent  give  the  factors  for  converting  weights  of  rubber  bromides 
to  weights  of  rubber.  The  factors  obtained  are  as  follows : 

Guayule  0.292 

Kok-saghyz  0.290 

Cryptostegia  0.303 

A  mean  deviation  of  ±0.003  for  each  of  the  three  factors  was 
obtained  when  the  carbon  and  hydrogen  data  for  all  the  samples 
were  analyzed.  In  general  usage  it  is  not  necessary  to  employ 
the  two  factors,  0.292  and  0.290,  for  guayule  and  kok-saghyz, 
respectively,  but  rather  to  use  the  average  factor,  0.291,  whose 
mean  deviation  is  within  the  limits  of  experimental  error. 

As  an  additional  test  of  the  variation  of  the  gravimetric  factor 
for  rubber  in  rubber  bromide,  many  of  the  benzene-rubber  ex¬ 
tracts  obtained  in  the  course  of  plant  analyses  were  analyzed  for 
rubber  both  by  the  bromination  procedure  and  by  weighing  the 
rubber  film  obtained  by  evaporation.  Ultimate  analyses  showed 
that  the  films  were  98  to  99%  pure.  The  gravimetric  factors 
were  determined  by  dividing  the  weight  of  the  rubber  film  by  the 
weight  of  the  rubber  bromide.  The  average  of  more  than  one 
hundred  such  determinations  yielded  the  follow¬ 
ing  factors:  guayule,  0.292  ±  0.003;  kok-saghyz, 

0.290  ±  0.004;  and  Cryptostegia,  0.302  ±  0.003. 

All  are  in  close  agreement  with  the  values  ob¬ 
tained  by  the  ultimate  analysis  of  the  bromides 
(Table  I).  Preliminary  experiments  have  indi¬ 
cated  that  this  method  is  applicable  to  Hevea  and 
that  the  factor  0.291  gives  satisfactory  results. 

In  addition,  test  analyses  on  a  sample  of  GR-S 
synthetic  rubber  indicated  that  rehable  results 
are  obtainable  using  an  experimentally  found 
factor  of  0.342. 

To  evaluate  variations  in  time,  tempera¬ 
ture,  rubber  concentration,  and  bromine  con¬ 
centration  which  would  not  significantly 


alter  the  factor,  the  weights  of  bromide  recovered  from 
aliquots  of  rubber-benzene  solutions  brominated  under  various 
conditions  were  compared.  Table  II  shows  the  effect  of  varying 
the  volume  ratio  of  the  brominating  solution  to  the  rubber-ben¬ 
zene  solution. 

Although  there  is  a  slight  increase  in  the  weight  of  rubbei 
bromide  formed  with  increased  amounts  of  the  brominating 
solution,  the  weights  of  rubber,  calculated  by  the  factor  pre¬ 
viously  established  by  ultimate  analyses,  are  fairly  constant 
Since  the  variation  caused  by  increasing  amounts  of  brominating 
reagent  is  small,  the  procedure  adopted  has  been  to  use  1  ml.  o 
reagent  for  every  10  ml.  of  rubber-benzene  solution,  as  th< 
gravimetric  factors  have  been  established  on  the  basis  of  thi: 
ratio.  To  change  the  ratio  would  necessitate  establishing  nCT 
factors  which  would  be  even  further  from  the  theoretical  value  o 
0.299. 

To  show  the  effect  of  varying  rubber  concentration  on  thi 
amounts  of  rubber  calculated  from  the  bromide  with  the  estab 
lished  factor,  a  series  of  10-ml.  aliquots  of  a  rubber-benzene  solu¬ 
tion  was  diluted  with  different  amounts  of  benzene.  The& 
were  brominated  by  the  addition  of  1  ml.  of  brominating  solu 
tion  for  every  10  ml.  of  the  rubber-benzene  solutions.  Table  II 
shows  the  results. 

It  is  evident  that  rubber-benzene  solutions  containing  0.5  to  3.' 
mg.  of  rubber  per  ml.  of  solution  can  be  analyzed  by  this  pro 
cedure,  with  a  recovery  of  98  to  100%.  For  solutions  eontainin. 
much  more  than  3.0  mg.  of  rubber  per  ml.,  low  values  were  ob 
tained. 

Aliquots  of  benzene  solutions  of  rubber  from  three  plant  source 
were  brominated  at  room  temperature  (25°  ±  2.5°  C.)  and  in 
refrigerator  at  4°  C.  for  periods  ranging  from  1  to  24  hour? 
One  milliliter  of  brominating  reagent  was  used  for  every  10  m 
of  rubber-benzene  solution.  Table  IV  shows  the  results. 

The  data  indicate  that  reasonable  variations  in  time  an 
temperature  of  bromination  from  the  one  hour  and  room  ten: 
pera’ture  of  the  described  procedure  cause  insignificant  change 
in  the  amounts  of  rubber  calculated  from  the  bromides.  Hon 
ever,  prolonged  bromination  at  room  temperature  results  in 
gradual  increase  in  the  weight  of  the  precipitate;  this  is  prt 
sumably  due  to  substitution  of  bromine.  At  4°  C.  the  sam 
phenomenon  occurs,  but,  as  would  be  expected,  the  rate  : 
slower.  When  brominations  were  made  at  —4°  C.  in  carbo 
tetrachloride  solution  containing  a  trace  of  alcohol,  the  grav 
metric  factors  calculated  for  rubber  in  rubber  bromide  forme 
approached  the  theoretical  value.  The  proposed  method  < 
brominating  at  room  temperature  is  preferred,  however,  bi 
cause  of  its  ease  of  operation,  its  adaptability,  and  the  accurac 
obtainable. 

Results  of  the  carbon  and  hydrogen  analyses  of  the  bromidi 
indicate  that  the  gravimetric  factors  for  converting  weights  < 
bromide  to  weights  of  rubber  vary  from  one  plant  source  to  ai 
other.  The  cause  of  these  variations  has  not  been  determiner 
they  may  be  due  to  the  inherent  nature  of  the  rubbers.  Thi 
the  bromide  method  accounts  for  all  the  rubber  in  a  solution  ; 


Table  III.  Analysis  of  Solutions  of  Different  Rubber  Concentrations 


Guayule 

Kok-saghyz 

Cryptostegia 

Mg.  of  Rubber  per 
10  Ml.  of  Rubber- 
Benzene  Solution 

% 

Mg.  of  Rubber  per 
10  Ml.  of  Rubber- 
Benzene  Solution 

% 

Recov- 

Mg.  of  Rubber  per 
10  Ml.  of  Rubber- 
Benzene  Solution 

% 

Recov- 

Added 

Found® 

ery 

Added 

Found2 

ery 

Added 

Found2 

ery 

6.6 

6.6 

100 

5.6 

5.6 

100 

5.4 

5.4 

100 

7.9 

7.8 

99 

6.6 

6.6 

100 

6.5 

6.5 

100 

9.9 

9.7 

98 

8.2 

8.2 

100 

8.2 

8.1 

99 

13.2 

13.1 

99 

10.9 

10.7 

98 

10.9 

10.8 

99 

19.8 

19.6 

99 

16.4 

16.4 

100 

16.3 

16.1 

99 

29.7 

29.5 

99 

24.6 

24.5 

100 

24.5 

23.9 

98 

39.5 

37.4 

95 

32.8 

31.9 

97 

32.6 

31.5 

97 

®  Gravimetric  factors:  guayule,  0.292,  kok-saghyz,  0.290;  Cryptostegia,  0.303.  1  n 

of  brominating  reagent  added  for  each  10  ml.  of  rubber-benzene  solution. 
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able  IV. 


Time  of 
Bromina- 
tion 
Hours 

1 

3 

6 

24 


Effect  of  Time  and  Temperature  of  Bromination  on 
Weight  of  Rubber  Found 

Weight  of  Rubber  Calculated®  from  Bromide  Precipitated 
from  20  Ml.  of  Solution 


Cryptostegia 

Kok-saghyz 

Guayule 

Room 

temp. 

Gram 

4°  C. 
Gram 

Room 

temp. 

Gram 

4°  C. 
Gram 

Room 

temp. 

Gram 

4°  C. 
Gram 

0.0162 

0.0164 

0.0178 

0.0184 

0.0162 

0.0166 

0.0172 

0.0177 

0.0276 

0.0282 

0.0284 

0.0285 

0.0271 

0.0275 

0.0277 

0.0278 

0 . 0405 
0.0418 

0 . 0427 

0 . 0442 

0.0402 

0.0408 

0.0414 

0.0427 

o  Previously  established  factors  for  bromination  at  room  temperature  for  1 
our  were  used. 


ndicated  by  the  close  agreement  between  the  weights  of  rubber 
calculated  by  these  gravimetric  factors  and  the  weights  ob¬ 
tained  by  evaporation  of  the  pure  rubber  benzene  extracts, 
rhis  agreement  does  not  preclude  the  possibility  of  obtaining  high 
rubber  values  by  the  bromide  method  from  impure  benzene  ex¬ 
tracts.  However,  the  possibility  is  remote  that  any  nonrubber 
plant  materials  are  present  which  are  soluble  in  benzene  and  also 
form  alcohol-insoluble  bromine  derivatives.  Added  antioxi¬ 
dants  and  solution  aids  have  never  interfered. 

REAGENTS 


L  EDITION 


Determine  the  moisture  by  drying  approximately  2  grams  of 
the  crude  rubber  in  vacuo  at  50°  C.  to  constant  weight  (12  hours) 
Solution  of  the  sample  for  rubber  analysis  may  be  obtained 
either  by  heating  it  in  benzene  or  by  allowing  it  to  stand  at  room 
temperature  in  a  1%  solution  of  trichloroacetic  acid  in  benzene. 
Although  the  latter  method  requires  2  to  3  days  for  solution  it  is 
more  convenient  in  routine  analysis,  and  in  general  less  time- 
consuming.  Since  determination  of  the  -benzene-insoluble  and 
acetone-insoluble  content  of  the  crude  rubber  is  usually  required 
in  addition  to  rubber  hydrocarbon,  samples  of  approximately  0.5 


grams  are  recommended.  .  , 

Cut  or  tear  approximately  0.5  gram  of  the  milled  sheet  lm 
fine  strips,  weigh  to  the  nearest  0.1  mg.,  and  place  in  a  fared  70- 
ml  centrifuge  tube.  Add  50  ml.  of  a  1%  solution  of  trichloro¬ 
acetic  acid  in  benzene,  insert  a  glass  stirring  rod,  lightly  stopper 
the  tube  with  a  plug  of  cotton,  and  allow  it  to  stand  at  room 
temperature  for  3  days.  To  aid  in  the  complete  solution  of  the 
rubber,  stir  two  or  three  times  a  day  during  the  3-day  interval. 
Centrifuge  to  separate  the  benzene-insolubles  and  decant  tiie 
benzene-rubber  Solution  into  a  200-ml.  volumetric  flask  Wash 
the  benzene-insolubles  and  the  centrifuge  tube  twice  with  50-ml. 
portions  of  benzene,  centrifuging  after  each  wash  Add  the  ben¬ 
zene  washes  to  the  benzene-rubber  solution  and  dilute  to  2(JU  ml. 
with  benzene.  Determine  the  rubber  in  a  20-ml.  portion  of  this 
solution  by  the  bromide  method  described  in  the  previous  sec¬ 
tion.  Calculate  the  per  cent  rubber  in  the  crude  by  the  equation: 


%  rubber 


gravimetric  factor  X  weight  of  bromide  (g.)  X 

volume  of  sample  (200  ml.)  X  100 _ _ 

weight  of  crude  rubber  (grams)  X 
100  -  %  moisture  x  pQrtion  used  (20  mL) 


Alcohol,  A.C.S.,  absolute 

Acetone,  A.C.S.,  analytical  reagent  grade 

Benzene,  A.C.S.,  analytical  reagent  grade 

Trichloroacetic  acid,  Eastman  Kodak  Company  W  lute  Label 

Benzene  containing  1%  trichloroacetic  acid  .  . 

Brominating  solution.  Dissolve  2  grams  of  iodine  in  100  ml.  ot 
carbon  tetrachloride,  filter  through  filter  paper,  and  add  5  ml.  ot 
bromine  to  the  filtrate. 

ANALYTICAL  PROCEDURES 

Determination  of  rubber  by  the  bromide  method  is  useful  m 
evaluating  the  rubber  content  of  benzene  extracts  of  plant  tissues, 
crude  rubbers  isolated  from  plants  by  mechanical  or  chemical 
means,  and  rubber-containing  liquors  and  lattices. 

Determination  of  Rubber  in  the  Organic  Solvent  Ex¬ 
tract  of  Plant  Tissue.  An  organic  solvent  extract  or  the 
rubber  film  obtained  by  evaporating  an  extract  may  be  ana¬ 
lyzed  by  the  bromide  procedure. 

To  analyze  a  rubber  film,  redissolve  it  in  benzene  by  stirring 
and  gentle  heating,  cool,  and  make  to  volume  in  a  volumetric 
flask  with  benzene.  Choose  as  the  final  volume  of  either  the 
i  extract  or  the  redissolved  film  one  which  will  contain  0.5  to  3.0 
mg.  of  rubber  per  ml.  Transfer  to  a  beaker  an  aliquot  containing 
a  minimum  of  25  mg.  of  rubber,  and  add  1  ml.  of  the  brominating 
solution  for  each  10  ml.  of  the  aliquot.  Cover  the  beaker  with  a 
watch  glass  and  let  stand  at  room  temperature  for  one  hour  to 
permit  agglomeration  of  the  particles.  At  the  end  of  the  hour 
stir  the  brominated  mixture  thoroughly  with  a  glass  rod,  taking 
special  care  to  loosen  any  precipitate  from  the  bottom  of  the 
beaker  Add  absolute  alcohol,  with  constant  stirring,  in  the 
ratio  of  30  ml.  of  alcohol  for  each  10  ml.  of  the  brominated  mix¬ 
ture.  Allow  the  bromide  precipitate  to  settle  for  at  least  one 
hour  and  then  filter  with  suction,  using  a  tared  Gooch  crucible 
with  asbestos  pad.  An  ordinary  rubber  policeman  and  alcohol 
may  be  used  in  transferring  the  bromide  and  in  washing  the 
beaker.  Wash  the  bromide  several  times  with  alcohol,  dry  at 
50°  C.  in  vacuo  under  5-mm.  mercury  pressure,  cool,  and  weigh. 
Calculate  the  rubber  content  from  the  weight  of  the  rubber 
bromide  by  the  following  gravimetric  factors:  0.290  for  kok- 
saghyz,  0.292  for  guayule,  and  0.303  for  Cryptostegia. 

Determination  of  Rubber  in  Rubber  Crudes.  Prepare 
the  analytical  sample  of  the  crude  rubber  by  passing  it  several 
times  through  compounding  rolls,  finally  mill  it  into  a  thin 
ribbonlike  sheet,  and  from  this  cut  or  tear  narrow  strips  for 
moisture  and  for  rubber  analysis. 


If  the  percentage  of  acetone-soluble  or  resin  fraction  and  the 
percentage  of  those  materials  insoluble  in  both  acetone  and  ben¬ 
zene  are  desired,  determine  the  insolubles  directly  and  calculate 
the  acetone-solubles  by  difference.  To  determine  the  insoluble 
fraction,  thoroughly  wash  the  benzene-insoluble  residue  left  in 
the  centrifuge  tube  with  acetone,  separate  the  insolubles  by 
centrifuging,  and  discard  the  acetone  wash  solution.  Dry  the 
residue  in  the  tared  centrifuge  tube  for  one  hour  at  110  L.  in 
an  air  oven,  cool,  weigh,  and  calculate  the  per  cent  insolubles  on  a 
moisture-free  basis. 

The  per  cent  acetone-soluble  fraction  is  obtained  by  sub¬ 
tracting  the  sum  of  the  percentages  of  moisture-free  rubbei  and 
insolubles  from  100.  Since  the  proposed  method  is  especially 
suited  to  the  analysis  of  crude  rubber  and  is  applicable  to  samples 
containing  either  large  or  small  amounts  of  nonrubber  nonresin 
materials,  several  typical  analyses  of  samples  of  such  mbbei 
from  different  plants  are  given  in  Table  V.  These  show  the  re¬ 
producibility  of  the  method. 

Determination  of  Rubber  in  Aqueous  Liquors  Low  in 
Rubber  Content.  Many  types  of  aqueous  rubber-contaimng 
emulsions  having  rubber  contents  ranging  from  less  than  1 
to  about  5%  may  be  conveniently  analyzed  for  rubber  by  the 
bromide  procedure.  Benzene  extracts  of  the  rubber  in  such 
emulsions  are  most  easily  prepared  in  the  Waring  Blender.  The 


Table  V. 

Plant  Source 
Guayule 


Kok-saghyz 


Cryptostegia 


Analyses  of  Crude  Rubber  from  Different  Plants 


Sample 

No. 


%  Rubber 


%  Insolubles  Aeetone- 

(Benzene  and  Solubles® 

Acetone)  (Resins) 


5293 

65.0 

65.1 

5319 

78.6 

79.2 

5341 

68.2 

68.0 

5564 

73.8 

73.9 

5568 

77.4 

77.5 

7510 

80.9 

80.9 

7520 

86.2 

86.1 

7579 

77.3 

76.8 

8088 

79.0 

78.7 

8227 

77.5 

77.5 

7726 

64.5 

65.3 

9040 

87.4 

87.2 

9050 

63.1 

63.3 

9054 

51.3 

51.2 

9060 

84.6 

84.4 

15.3 

15.3 

19.7 

5.3 

5.3 

15.9 

10.4 

10.3 

21.6 

7.2 

7.3 

18.9 

1.8 

1.8 

20.8 

6.4 

6.9 

12.5 

7.2 

7.2 

6.7 

8.0 

8.0 

15.0 

7.1 

7.4 

13.9 

9.7 

9.9 

12.7 

1.1 

1.0 

34.1 

5.2 

5.3 

7.5 

28.1 

28.1 

8.7 

40.5 

40.3 

8.4 

5.4 

5.3 

10.2 

“  Calculated  by  difference  from  average  of  both  rubber  and  insolubles. 
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persistent  emulsions  which  result  when  alkali-stabilized  rubber 
liquors  are  extracted  with  benzene  in  the  Blendor  can  be  avoided 
by  acidifying  the  liquor  with  concentrated  hydrochloric  acid  pre¬ 
liminary  to  the  extraction. 

To  determine  the  rubber  content,  transfer  10  to  50  ml.  of  the 
emulsion  to  a  Waring  Blendor  using  a  transfer  pipet,  rinse  the 
pipet  several  times  with  water,  and  combine  the  rinses  with  the 
measured  sample,  making  a  total  volume  of  approximately  75  ml. 
Add  sufficient  concentrated  hydrochloric  acid  to  break  the  emul¬ 
sion;  usually  5  to  10  ml.  are  required.  Then  add  about  180  ml. 
of  benzene,  chum  for  2  minutes,  wash  the  emulsion  into  a  500-ml. 
separatory  funnel  with  water,  and  allow  to  stand  until  the 
aqueous  layer  appears  clear,  usually  about  8  hours.  Draw  off 
and  discard  the  clear  aqueous  layer. 

Transfer  the  benzene  and  the  interface  layers  to  centrifuge 
tubes,  centrifuge  until  separation  into  layers  is  complete,  and 
transfer  the  benzene  layer  to  a  400-ml.  beaker  using  a  pipet  and 
suction.  Rinse  the  separatory  funnel  with  benzene.  Add  the 
rinses  to  the  aqueous  residue  in  the  centrifuge  tube,  mix  well, 
and  centrifuge.  Again  draw  off  the  benzene  layer  and  add  it  to 
the  original  benzene  solution  in  the  beaker.  Concentrate  on  a 
steam  bath,  transfer,  and  make  to  the  mark  in  a  volumetric  flask 
of  such  volume  that  20  ml.  of  the  final  volume  will  contain  be¬ 
tween  10  and  60  mg.  of  rubber.  Transfer  a  20-ml.  aliquot  to  a 
250-ml.  beaker  and  brominate  by  the  previously  described 
procedure.  Should  the  20-ml.  aliquot  of  the  original  solution 
contain  more  than  60  mg.  of  rubber,  dilute  to  the  desired  con¬ 
centration  and  brominate  a  20-ml.  portion.  When  the  total 
benzene  extract  is  very  low  in  rubber,  it  may  be  reduced  to  20  ml. 
and  brominated  in  its  entirety.  Calculate  the  rubber  content 
from  the  equation : 

gravimetric  factor  X  weight  of 

,  , ,  bromide  (mg.)  X  dilution  factor 

Mg.  of  rubber/ml.  =  - - — - - | - 

ml.  of  sample 

Determination  of  Rubber  in  Latex  or  Liquor  of  High 
Rubber  Content.  When  concentrated  rubber  liquors  (con¬ 
taining  more  than  5%  rubber)  and  latices  are  being  analyzed, 
complete  extraction  of  the  rubber  by  benzene  cannot  be  achieved 
by  the  Waring  Blendor  method  described  above.  Instead,  ben¬ 
zene  is  added  to  the  sample,  the  mixture  is  acidified,  and  the  water 
is  removed  by  distillation  in  a  Bidwell-Sterling  type  moisture 


apparatus.  This  results  in  a  water-free  solution  of  the  rubber 
benzene. 

Weigh  by  difference  from  a  glass-stoppered  vial  that  amount 
the  well-mixed  sample  which  contains  less  than  1.5  grams 
rubber  and  transfer  to  a  500-ml.  volumetric  (boiling)  fla. 
equipped  with  a  24/40 f  outer  joint.  Acidify  the  sample  with  co 
centrated  hydrochloric  acid  to  give  an  acid  concentration 
about  10%,  then  add  200  ml.  of  benzene  and  attach  the  flask  to 
Barrett  type  Bidwell-Sterling  moisture  test  apparatus  providi 
with  a  condenser.  Boil  the  mixture  until  all  water  is  removi 
(water  level  in  the  trap  remains  constant),  and  a  clear  benzei 
solution  is  obtained.  Remove  the  flask  from  the  apparatu 
cool,  and  dilute  to  the  mark  with  benzene.  Transfer,  with 
pipet,  a  50-ml.  aliquot  to  a  600-ml.  beaker  and  determine  tl 
rubber  in  this  aliquot  by  the  bromide  method  and  the  followii 
equation : 

Gravimetric  factor  X  weight  of  bromide  (grams)  ; 
fy  , ,  _  volume  of  sample  (500  ml.)  X  100 

0  rU  '  61  weight  of  sample  X  aliquot  (50  ml.) 
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Determination  of  Alkyl  Disulfides  in  the  Absence  and 

Presence  of  Mercaptans 

I.  M.  KOLTHOFF,  D.  R.  MAY,  AND  PERRY  MORGAN,  University  of  Minnesota,  Minneapolis,  Minn.,  AND 
H.  A.  LAITINEN  and  A.  S.  O'BRIEN,  University  of  Illinois,  Urbana,  III. 


Disulfides  are  reduced  to  mercaptans  by  means  of  amalgamated  zinc 
and  titrated  amperometrically  with  silver  nitrate.  If  the  relative 
amount  of  mercaptan  present  is  not  large,  the  disulfide  is  determined 
by  difference  by  titrating  portions  of  the  solution  before  and  after 
reduction.  To  determine  a  trace  of  disulfide  in  a  mercaptan,  the 
mercaptan  is  removed  before  the  reduction  treatment  by  precipita¬ 
tion  as  silver  mercaptide. 

BASED  upon  the  reducibility  of  alkyl  disulfides  ( 1 ,  3,  5)  to 
mercaptans  and  amperometric  titration  of  the  resulting 
mercaptans  (J)  a  simple  method  of  determination  of  disulfides 
has  been  developed.  Experiments  were  carried  out  to  find  suit¬ 
able  conditions  for  quantitative  reduction  and  for  removal  of  the 
mercaptan  from  the  disulfide  before  reduction. 

REDUCTION  OF  DISULFIDE 

Preliminary  experiments  showed  that  in  order  to  approach 
quantitative  reduction  in  a  Jones  reductor,  a  temperature  of  50  °  C. 
was  necessary.  The  zinc  amalgam  was  of  a  very  low  concentra¬ 


tion  (0.02%)  in  mercury.  Under  these  conditions  evolution  i 
hydrogen  occurred  when  an  acid  solution  was  passed  through  tl 
reductor.  To  prevent  difficulties  encountered  with  the  counti 
flow  of  liquid  and  gas,  the  solution  to  be  reduced  was  made  1 
pass  upwards  through  the  zinc  in  the  reductor.  A  sketch  of 
reductor  with  a  heating  jacket,  which  is  easily  constructed  an 
satisfies  the  above  specifications,  is  shown  in  Figure  1. 

Two  different  samples  of  n-dodecyl  disulfide  were  used  wit 
identical  results.  At  the  University  of  Minnesota,  the  disulfic 
was  prepared  by  oxidation  of  n-dodecyl  mercaptan  with  hydroge 
peroxide  in  alkaline  ethanol  solution,  followed  by  recrystallizatio 
from  absolute  ethanol.  The  product  had  a  melting  point  of  32 
in  agreement  with  the  value  of  Collin  et  al.  (1).  At  the  Universit 
of  Illinois,  n-dodecyl  disulfide  was  prepared  by  the  method  < 
Westlake  and  Dougherty  ( 6 ),  in  which  the  Bunte  salt  prepare 
from  n-dodecyl  bromide  and  sodium  thiosulfate  was  oxidize 
with  hydrogen  peroxide  in  aqueous  dioxane  medium.  Ti 
crystals  which  separated  upon  cooling  and  standing  were  ei 
tracted  with  dioxane,  and  the  disulfide  was  precipitated  by^tk 
addition  of  water.  The  product  had  a  melting  point  of  34-35  °,  i 
agreement  with  the  value  of  33.5-34°  reported  by  Fore  an 
Best  (2).  It  is  not  certain  whether  the  low  results  were  cause 
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itirely  by  incomplete  reduction,  or  partly  by  the  presence  of 

aKno wnS amounts  of  n-dodecyl  disulfide  were  dissolved  in  a  0.3  N 
ilution  of  sulfuric  acid  in  90%  ethanol,  and  25-ml.  portions  of 
le  solution,  heated  to  50°,  were  allowed  to  flow  through  the  re¬ 
actor  which  was  maintained  at  a  temperature  of  50°,  at  such  a 
ite  that  the  disulfide  remained  in  contact  with  the  solution  for 
bout  5  minutes.  The  reductor  was  washed  with  75  ml.  of  0.3  N 
llfuric  acid  in  90%  ethanol,  and  the  mercaptan  was  determined 
i  the  resulting  solution  after  addition  of  an  excess  of  ammonia 
^responding  to  about  0.25  M  by  the  amperometric  method  of 
iolthoff  and  Harris  (4).  Results  obtained  with  different 
mounts  of  disulfide  are  shown  in  Table  I. 

An  alternative  procedure  consisted  of  adding  amalgamated 
,nc  to  the  acidic  disulfide  solution  (80  ml.)  in  a  4-ounce  screw- 
ip  bottle  and  rotating  it  in  a  thermostat  at  50°,  usually  for  20 
linutes.  Results  with  this  procedure  are  given  in  Table  II 
sing  0.3  N  sulfuric  acid  and  1  N  acetic  acid  in  90%  alcohol  as 
ae  solvent. 


The  use  of  acetic 
instead  of  sulfuric 
acid  was  found 
beneficial  for  small 
amounts  of  disulfide 
(less  than  4  mg.). 
If  large  quantities 
of  disulfide  were 
present  the  reduc¬ 
tion  was  slower  in 
acetic  acid  medium, 
while  with  very 
small  amounts  (less 
than  0.3  mg.)  the 
reduction  was  in¬ 
complete  using  sul¬ 
furic  acid.  Chang¬ 
ing  the  concentra¬ 
tion  of  acetic  acid 
did  not  appreciably 
affect  the  rate  or 
completeness  of  re¬ 
duction. 


Table  I.  Reduction  of  n-Dodecyl  Disulfide  in  Jones  Reductor 


Disulfide  Taken 

Disulfide  Found 

Reduction 

Mg. 

Mg. 

% 

40.0 

38.3 

95.8 

38.4 

95.0 

38.3 

95.8 

20.0 

19.1 

95.2 

19.0 

94.8 

19.1 

95.2 

10.0 

9.05 

95.5 

4.00 

3.90 

97.6 

2.00 

1.96 

98.0 

SEPARATION  OF 
MERCAPTAN  FROM 
DISULFIDE 

For  the  deter¬ 
mination  of  small 
amounts  of  disul¬ 
fide  in  the  pres- 
ence  of  large 

^mounts  of  mercaptan  it  is  necessary  to  remove  the  mer- 
laptan,  since  the  mercaptan  cannot  be  titrated  with  suffi¬ 
cient  accuracy  to  allow  the  disulfide  to  be  determined  by 
difference.  The  mercaptan  can  be  removed  by  adding  an  exactly 
equivalent  amount  of  silver  nitrate  and  filtering  off  the  silver 
nercaptide.  An  appreciable  excess  of  silver  leads  to  low  results 
:or  disulfide,  since  silver  mercaptide  is  precipitated  during  the 
reduction  step  and  is  not  completely  reduced  to  mercaptan.  Us¬ 
ing  the  amperometric  end  point  with  a  sufficiently  sensitive 
galvanometer,  it  is  easily  possible  to  adjust  the  excess  silver 
concentration  to  a  very  small  quantity. 

Experiments  involving  the  removal  of  a  1000-fold  excess  of  n- 
dodecyl  mercaptan  from  known  amounts  of  n-dodecyl  disulfide 
gave  an  excellent  recovery  of  disulfide  after  reduction  and  titra¬ 
tion.  Using  mixed  tertiary  mercaptans,  some  difficulty  was 
encountered  in  filtration  of  the  silver  mercaptide,  since  the  mer¬ 
captide  mixture  was  a  gummy  liquid  at  room  temperature. 
Working  at  a  temperature  of  0°  throughout  the  precipitation  and 
filtration,  however,  gave  satisfactory  results. 


Table  II. 

Reduction  of 

n-Dodecyl  Disulfide 

in  Bottles 

Disulfide  Taken 

Time 

Disulfide  Found 

Reduction 

Mg. 

Min. 

Mg. 

% 

Using  Sulfuric  Acid 

15.6 

20 

14.9 

95.5 

4.52 

60 

4.29 

94.9 

3.12 

20 

3.03 

96.8 

3.01 

20 

2.89 

96.1 

0.752 

60 

0.700 

93.1 

0.312 

20 

0.202 

65.0 

0.301 

60 

0.250 

82.9 

Using  Acetic  Acid 

4.52 

4.52 

20 

60 

3.48 

4.20 

76.9 

93.0 

3.01 

20 

2.81 

93.3 

3.01 

60 

2.94 

97.7 

1.51 

20 

1.49 

98.6 

0.752 

10 

0.738 

98.2 

0  752 

30 

0.720 

95.8 

0.752 

60 

0.704 

93.6 

0.301 

10 

0.304 

101 

0.301 

20 

0.307 

102 

0. 150 

10 

0.179 

119 

0.150 

10 

0.188 

125 

DETERMINATION  OF  DISULFIDE  IN  PRESENCE  OF  MERCAPTAN 

A.  Jones  Reductor  Method.  Determination  by  Differ¬ 
ence.  Preparation  of  Amalgamated  Zinc.  Etch  100  grams  of  20- 
mesh  granulated  zinc  by  stirring  with  6  N  hydrochloric  acid  for 
one  minute.  Add  27  mg.  of  mercuric  chloride,  and  after  stirring 
for  a  minute,  wash  the  zinc  with  distilled  water.  One  hundred 
grams  of  zinc  are  sufficient  for  a  reductor  of  a  convenient  size. 

Incomplete  reduction  is  encountered  if  the  reductor  is  not 
completely  cleaned  by  acid  rinsing.  A  10  N  sulfuric  acid  solution 
was  found  to  be  satisfactory  for  the  rinsing.  The  reductor  should 
be  checked  before  every  run  or  series  of  runs  by  reducing  a 
standard  disulfide  solution  and  determining  the  amount  reduced. 
If  the  reduction  remains  slow  the  reductor  should  be  filled  with 
freshly  prepared  zinc  amalgam. 

Reduction  of  Disulfide.  Using  90%  ethanol-10%  water  0.3  N 
in  sulfuric  acid  as  the  solvent,  allow  the  solution  at  50  to  run 
through  the  reductor  at  such  a  rate  that  the  disulfide  remains  in 
contact  with  the  zinc  for  about  5  minutes.  Wash  the  reductor 
with  75  ml.  of  the  solvent.  . 

Determination  of  Mercaptan.  Neutralize  the  solution  with 
concentrated  ammonium  hydroxide,  using  litmus  paper  as  an 
indicator.  Add  2  ml.  in  excess,  and  titrate  amperometrically 
with  silver  nitrate.  If  mercaptan  was  present  initially,  titrate  a 
second  portion  of  the  solution  without  reduction.  The  difference 
is  a  measure  of  disulfide  present. 

B.  Bottle  Method.  Removal  of  Mercaptan.  For  the 
determination  of  a  trace  of  disulfide  in  mercaptan  dissolve  a  0.1- 
to  0.2-gram  sample  of  mercaptan  in  80  ml.  of  absolute  ethanol 
and  add  concentrated  ammonium  hydroxide  (1.2  ml.)  until  the 
solution  is  about  0.25  M  in  ammonia.  Titrate  the  solution 
amperometrically  with  0.05  N  silver  nitrate  to  a  very  slight  excess 
of  silver.  A  highly  sensitive  current-measuring  instrument  such 
as  a  wall-type  galvanometer  is  recommended.  If  necessary, 
adjust  the  excess  silver  by  the  addition  of  0.005  M  mercaptan  in 
alcohol  and  0.002  N  silver  nitrate  until  the  excess  of  silver,  as 
indicated  by  the  current,  corresponds  to  about  0.1  ml.  of  0.002  N 
reagent. 

Filter  the  solution  without  suction  and  wash  the  precipitate 
thoroughly  with  small  portions  of  alcohol.  Add  5  ml.  of  glacial 
acetic  acid.  Add  10  to  20  mg.  of  amalgamated  zinc  prepared  as 
described  in  Procedure  A  to  the  solution  in  a  4-ounce  screw-cap 
bottle  and  rotate  in  a  50  °  thermostat  for  20  minutes. 

Filter  the  solution  again,  taking  care  that  no  small  pieces  of 
zinc  amalgam  pass  into  the  filtrate.  Add  7  ml.  of  concentrated 
ammonium  hydroxide  and  titrate  with  0.002  N  silver  nitrate  to 
the  usual  amperometric  end  point. 
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ACCURACY  AND  SENSITIVITY 

The  accuracy  of  the  method  is  limited  by  the  degree  of  reduc¬ 
tion  of  the  disulfide  by  the  amalgamated  zinc.  Using  either 
method  the  results  are  about  5%  low  if  the  amount  of  disulfide  is 
in  the  optimum  range.  The  results  are  reproducible  to  2% 
relative  on  a  given  sample  in  the  optimum  range. 

Method  B  has  proved  successful  in  detecting  0.05%  disulfide  in 
mercaptan  and  in  making  quantitative  estimation  of  disulfide  in 
amounts  from  0.1  to  1%  or  more. 
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Higher  Aliphatic  Acid  Chlorides 

Estimation  of  Yield  in  the  Preparation  of  Lauroyl  Chloride 

ROBERT  R.  ACKLEY  AND  GIULIANA  C.  TESORO,  Onyx  Oil  &  Chemical  Company,  Jersey  City,  N.  J. 


A  titration  procedure  for  estimation  of  yield  in  the  preparation  of 
lauroyl  chloride  has  been  found  equally  applicable  for  other  fatty 
acid  chlorides  containing  12  to  18  carbon  atoms.  Using  this  pro¬ 
cedure,  the  effect  of  the  ratio  of  lauric  acid  concentration  to  thionyl 
chloride  concentration  on  the  yield  of  lauroyl  chloride  was  deter¬ 
mined.  The  titration  method  is  applicable  to  the  determination  of 
fatty  acid  chloride  content  in  reaction  mixtures  or  in  distilled  prod¬ 
ucts.  By  the  use  of  this  procedure,  it  was  found  that  undistilled 
acid  chlorides  prepared  from  the  corresponding  fatty  acids  and 
thionyl  chloride  are  sufficiently  pure  for  most  synthetic  work. 

IN  THE  course  of  an  investigation  of  derivatives  of  higher  fatty 
acids  it  was  necessary  to  prepare  relatively  large  quantities  of 
lauroyl  chloride.  When  the  acid  chloride  was  prepared  by  the 
action  of  thionyl  chloride  on  lauric  acid  and  the  yield  determined 
by  distillation,  it  was  found  significantly  lower  in  the  case  of  reac¬ 
tions  involving  1  mole  of  lauric  acid  than  in  identical  experiments 
employing  only  0.1  mole  of  the  acid.  During  the  distillation  of 
larger  runs,  large  amounts  of  hydrochloric  acid  were  evolved. 

Among  other  explanations  for  lowered  yield  and  evolution  of 
acidic  fumes,  it  seemed  possible  that  the  reaction  of  lauroyl 
chloride  with  unreacted  lauric  acid  might  take  place: 

ChH23COC1  +  CiiH23COOH  — >  (C„H23C0)20  +  HC1  (1) 

The  conditions  of  distillation  (flask  temperature  approximately 
130°  C.  at  2  mm.  of  mercury)  might  favor  this  reaction.  It  is 
apparent,  further,  that  if  the  initial  conversion  amounts  to  90%, 
the  unconverted  acid  is  capable  of  reaction  with  a  sufficient 
quantity  of  acid  chloride  to  reduce  the  apparent  yield  on  distilla¬ 
tion  to  80%,  the  anhydride  remaining  behind  in  the  residue. 
Ivetene  formation,  followed  by  polymerization,  may  also  be  a 
yield-reducing  factor.  The  polymerized  products  would  not  be 
distillable.  An  experiment  in  which  the  reaction  mixture  was  re¬ 
fluxed  under  vacuum  for  a  prolonged  period  showed  that  the 
amount  of  acid  chloride  present  was  reduced  during  the  heating 
period.  If  small  quantities  of  acid  chloride  are  involved,  distilla¬ 
tion  may  be  carried  out  with  sufficient  rapidity  to  minimize  yield- 
reducing  side  reactions. 

The  high  yields  obtained  when  small  quantities  are  involved, 
together  with  the  demonstrated  reduction  of  yield  during  slowT 
distillation,  suggested  the  probability  that  lauric  acid  chloride 
could  be  prepared  in  sufficiently  high  yield  to  make  distillation 
unnecessary.  In  order  to  prove  this,  it  "was  necessary  to  develop 
an  analytical  procedure  independent  of  distillation  or  prolonged 
heating. 

Several  derivatives  of  lauroyl  chloride  were  prepared  winch 
might  lend  themselves  to  quantitative  recovery.  Quantitative 
separation  of  these  derivatives  from  unreacted  fatty  acid  was 
difficult,  however,  and  an  indirect  method  based  upon  the 


formation  of  amide  from  lauroyl  chloride  with  subsequent  dete 
mination  of  the  unreacted  lauric  acid  proved  to  be  more  sati 
factory.  Since  the  completion  of  this  work  Bauer  ( 2 )  has  d 
scribed  an  analytical  procedure  based  upon  anilide  formatio 
While  the  principles  involved  in  these  two  methods  are  simila 
the  procedure  described  in  the  present  paper  permits  accura 
estimation  of  fatty  acid  chloride  in  the  presence  of  extraneoi 
matter  (in  addition  to  free  fatty  acid)  and  the  technique  is  mo: 
readily  adaptable  to  plant  control.  Caspari  ( 8 )  and  Krafft  ar 
Stauffer  (4),  have  prepared  lauramide  by  the  action  of  lauro; 
chloride  on  aqueous  ammonia.  Aschan  (I)  investigated  tl 
preparation  of  various  amides  by  this  method. 

When  a  mixture  of  lauric  acid  and  lauroyl  chloride  is  stirrc 
rapidly  into  a  tenfold  excess  of  aqueous  ammonia,  the  followii 
reactions  take  place: 

C„H23C0C1  +  2NH3  — >  C„H23CONH2  +  NH4C1  c 
CnHjsCOOH  +  NH3  — 3-  ChH23COONH4  (I 

Because  of  the  emulsifying  properties  of  the  ammonium  lai 
rate,  the  reaction  mixture  is  a  soapy  suspension.  Upon  acidific 
tion,  the  ammonium  laurate  is  converted  into  lauric  acid  while  tl 
amide  remains  unchanged.  After  extracting  the  lauramidc 
lauric  acid  mixture  with  ether,  the  amount  of  lauric  acid  in  tl 
mixture  may  be  determined  by  titration  according  to  the  pr 
cedure  for  determination  of  free  fatty  acid. 

The  total  lauric  acid  content  may  be  accurately  determined  1 
saponification  of  the  reaction  mixture  with  excess  aqueous  sodiu 
hydroxide,  followed  by  acidification,  extraction,  and  titratio 
The  total  content  of  lauric  acid  determined  by  this  procedure  w; 
found  to  be  in  excellent  agreement  with  the  known  lauric  ac: 
content  based  upon  the  amount  of  lauric  acid  employed  and  tl 
total  weight  of  the  reaction  mixture. 

From  the  above  determinations,  the  per  cent  of  free  fatty  ac: 
and  the  per  cent  of  total  fatty  acid  are  obtained.  Using  the: 
data  the  per  cent  yield  and  per  cent  purity  of  the  lauroyl  chloric 
can  be  calculated. 

Using  this  procedure,  when  a  reaction  mixture  resulting  fro 
the  action  of  thionyl  chloride  upon  lauric  acid  was  heated  : 
150°  C.  and  5  mm.  of  mercury,  the  apparent  conversion  w; 
found  to  decrease  from  an  initially  determined  value  of  96  to  85' 
after  2  hours. 

The  applicability  of  this  procedure  for  studying  the  effect 
varying  the  proportion  of  thionyl  chloride  to  lauric  acid  on  tl 
yield  of  lauroyl  chloride  was  determined  by  a  series  of  experimen 
in  which  the  reaction  mixtures  were  analyzed  by  this  methc 
(Table  I  and  Figure  1). 

The  values  found  for  yield  are  apparently  independent  of  tl 
relative  proportions  of  lauric  acid  and  lauroyl  chloride,  where: 
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Figure  1.  Effect  of  Varying  Proportion  of  Thionyl  Chloride 
Molet  of  thionyl  chloride  per  mole  of  lauric  acid 


n  the  presence  of  a  large  proportion  of  unreacted  lauric  acid  the 
auroyl  chloride  present  cannot  be  distilled  quantitatively. 

When  distilled  lauroyl  chloride  was  analyzed  by  this  method, 
.he  composition  was  in  excellent  agreement  with  that  found  by 
Ibhloi ide  determination.  A  product  from  the  reaction  of  1  mole  of 
auric  acid  and  1.2  moles  of  thionyl  chloride,  when  analyzed  prior 
I  to  distillation,  showed  96%  conversion  to  lauroyl  chloride.  By 
distillation,  90%  of  the  theoretical  amount  of  distillate  was 
Collected.  Upon  analysis  of  the  distillate  by  chloride  determina- 
ion,  however,  the  chloride  content  was  found  to  amount  to  only 
12%  of  the  calculated.  A  similar  result  was  obtained  when  the 
,itration  procedure  was  employed.  Thus,  the  actual  percentage 
Acid  after  distillation  was  83%  and  the  free  lauric  acid  content  of 
he  distilled  acid  chloride  was  no  less  than  that  of  the  undistilled 
reaction  mixture  from  which  it  was  obtained. 

EXPERIMENTAL 

The  lauric  acid  used  in  all  experindents  was  obtained  by  careful 
ractionation  of  coconut  fatty  acids  through  a  25-cm.  Widmer 
lolumn.  The  portion  used  was  collected  at  145°  to  150°  C.  at  3 
nm.  of  mercury.  It  had  a  neutralization  equivalent  of  199.5 
theoretical  200)  and  melted  at  43-47°  C.  The  thionyl  chloride 
vas  the  fraction  boiling  at  72-76°  C.,  obtained  by  distillation  of  a 
lommercial  product. 

Lauroyl  chloride  was  prepared  by  the  method  of  Ralston  and 
i  Selby  (5). 

•  A.  Determination  of  Unreacted  Lauric  Acid  (Free 
Fatty  Acid)  in  Crude  or  Distilled  Acid  Chloride.  Ten 
;rams  of  acid  chloride  were  added  slowly  with  cooling  and  strong 
igitation  to  125  ml.  of  6%  ammonium  hydroxide.  The  suspen- 
iion  obtained  was  allowed  to  stand  with  intermittent  stirring  and 
tooling  at  room  temperature  for  20  minutes.  Hydrochloric  acid, 
10  N,  was  then  added  dropwise  with  stirring  and  cooling  until  the 
nethyl  orange  end  point  was  reached. 

i  One  hundred  and  fifty  milliliters  of  a  2  to  1  mixture  of  ethyl 
pther  and  ethanol  were  added,  and  the  mixture  was  transferred  to 
1 500-ml.  separatory  funnel,  the  reaction  vessel  being  washed  with 
epeated  small  portions  of  ethanol.  The  aqueous  layer  was  with¬ 
drawn,  and  the  extracted  material  washed  repeatedly  with  50-ml. 
x»rtions  of  saturated  sodium  chloride  solution  until  the  last  wasti¬ 
ng  became  alkaline  to  phenolphthalein  on  the  addition  of  a  single 
Irop  of  1  N  sodium  hydroxide. 


The  solvent  solution  was  transferred  to  a  500-ml.  flask,  and  the 
separatory  funnel  washed  with  100  ml.  of  ethanol  in  small  por¬ 
tions.  The  extract,  together  with  the  combined  ethanol  wash¬ 
ings,  was  titrated  to  the  phenolphthalein  end  point  with  1  N 
sodium  hydroxide. 

B.  Determination  of  Total  Lauric  Acid  (Total  Fatty 
Acid)  in  Crude  or  Distilled  Acid  Chloride.  Ten  grams  of 
acid  chloride  were  added  with  cooling  and  stirring  to  125  ml.  of 
10%  sodium  hydroxide  solution.  The  resulting  soapy  solution 
was  allowed  to  stand  at  room  temperature  for  20  minutes,  and 
acidified  to  methyl  orange  as  before  with  10  N  hydrochloric  acid. 

Determination  of  Yield  of  Lauroyl  Chloride  by  Dis¬ 
tillation  and  by  Titration.  Lauroyl  chloride  was  prepared 
by  the  reaction  of  1.2  moles  of  thionyl  chloride  and  1.0  mole  of 
lauric  acid.  The  total  weight  of  the  crude  reaction  mixture  was 
224  grams.  This  crude  product  was  analyzed  by  procedures  A 
and  B,  giving  4%  free  fatty  acid,  89%  total  lauric  acid,  a  per¬ 
centage  yield  of  96%,  and  a  lauroyl  chloride  content  of  92%. 

One  hundred  and  ninety  grams  of  the  reaction  mixture  (84% 
of  the  total  weight)  were  distilled  from  a  Claisen  flask,  165  grams 
of  distillate  being  collected  at  105-115°  at  2  mm.  of  mercury. 
If  the  distillation  produced  practically  100%  lauroyl  chloride,  the 
theoretical  yield  would  be  218.5  X  0.84  or  183.  Therefore  165 
grams  correspond  to  an  apparent  percentage  yield  of  90%. 
Analysis  of  the  distilled  product  by  the  method  described  above 
gave  7%  free  fatty  acid,  and  91%  total  fatty  acid.  This  is 
equivalent  to  92%  lauroyl  chloride  content  and  the  percentage 
yield  after  distillation  becomes  83%.  It  is  evident  that  the  crude 
reaction  product,  lauroyl  chloride  content  92%,  contains  the 
same  percentage  of  lauroyl  chloride  as  the  product  obtained  by 
distillation.  It  appears  from  these  results  that  distillation  of  the 
crude  reaction  products  is  not  advantageous,  since  the  quality  of 
the  product  is  not  changed  and  the  yield  is  decreased  by  13%. 

A  chloride  determination  of  the  distilled  product  gave  14.9% 
chlorine.  This  value,  compared  with  the  calculated  value  of 
16.3%,  indicates  a  lauroyl  chloride  content  of  91%.  This  is  in 
close  agreement  with  the  result  obtained  by  the  titration  method 
(92%  lauroyl  chloride  content). 

Effect  of  Prolonged  Heating  of  Lauroyl  Chloride. 
Lauroyl  chloride  was  obtained  in  96%  yield  by  the  action  of  1.2 
moles  of  thionyl  chloride  on  1.0  mole  of  lauric  acid.  Analysis  of 
the  crude  product  by  procedures  A  and  B  indicated  a  lauroyl 
chloride  content  of  92%  (TFA  =  89%;  FFA  =  4%). 

One  hundred  and  eighty  grams  of  reaction  mixture  were  main¬ 
tained  at  150°  C.  and  5  mm.  of  mercury  for  2  hours,  then  again 
analyzed  by  procedures  A  and  B;  the  lauroyl  chloride  content 
was  found  to  be  84%  (TFA  =  91%;  FFA  =  14%),  the  apparent 
percentage  yield  after  heating  being  85%.  The  decrease  in  per¬ 
centage  yield  as  indicated  by  this  experiment  was  comparable  with 
that  observed  during  a  distillation  carried  out  under  similar 
conditions. 

DISCUSSION 

The  precision  of  the  titration  method,  as  indicated  by  a  large 
number  of  duplicate  determinations,  is  ±1%. 

The  titration  method  does  not  differentiate  clearly  between  acid 
chloride  and  acid  anhydride,  as  the  latter,  if  present,  is  also 
capable  of  reaction  with  ammonia  to  form  amide.  If  the  acid 
chloride  is  to  be  employed  in  acylation  reactions,  however,  this  is 
not  serious.  Further,  it  is  obvious  that  a  reaction  mixture  which 
shows  96%  acid  chloride  by  titration  must  contain  a  minimum  of 
92%  acid  chloride  and  a  maximum  of  8%  anhydride. 

This  procedure  has  been  applied  to  the  determination  of  yield 
of  both  saturated  and  unsaturated  aliphatic  acid  chlorides  con¬ 
taining  12  to  18  carboD  atoms.  Oleic  acid  chloride  and  saturated 
acid  chlorides  containing  up  to  16  carbon  atoms  can  be  analyzed 
by  this  procedure,  giving  results  of  the  same  accuracy  as  those 
obtained  with  lauric  acid  chloride.  In  the  analysis 
of  stearic  acid  chloride,  stearic  acid  and  stearamide 
tend  to  crystallize  from  ether  at  room  temperature, 
but  it  was  found  that  this  did  not  significantly  in¬ 
fluence  the  ease  of  removal  of  excess  mineral  acid 
or  the  accuracy  of  the  results. 
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Table  I.  Preparation  of  Lauroyl  Chloride 


(With  varying  amounts  of  thionyl  chloride,  %  reaction) 


Lauric 

FFA  in 

Crude  Product 

TFA  in 

Crude  Product 

Yield  of  Crude 
Product 

Reaction 
Theo-  Experi- 

Acid 

SOCls 

Calcd. 

Found 

Calcd. 

Found 

Calcd. 

Found 

retical 

mental 

Mole 

Mole 

Grams/ 10  grams 

Grams/ 10  grams 

Grams 

% 

% 

0.5 

0.05 

8.9 

9.3 

10.0 

9.9 

101 

100 

10 

7 

0.5 

0.25 

4.7 

5.6 

9.6 

9.4 

105 

104 

50 

41 

0.5 

0.45 

0.9 

2.0 

9.3 

9.1 

108 

108 

90 

78 

0.5 

0.55 

0.0 

0.9 

8.9 

9.0 

114 

112 

100 

90 

0.5 

0.65 

0.0 

0.7 

8.3 

8.0  - 

126 

120 

100 

91 

0.5 

0.75 

0.0 

0.6 

7.7 

7.6 

139 

130 

100 

92 

Thiocyanate  Comple  x  as  a  Means  of  Extracting  Cobalt 

Before  Its  Microdetermination  by  Other  Methods 

N.  S.  BAYLISS  AND  R.  W.  PICKERING,  Department  of  Chemistry,  University  of  Western  Australia,  Nedlands,  Australia 


THE  colored  complex  of  cobalt  with  nitroso  R  salt  forms  the 
basis  of  several  analytical  procedures  for  the  microestima¬ 
tion  of  cobalt.  Particularly  in  the  case  of  biological  samples,  some 
separation  of  cobalt  from  other  metals  is  a  necessary  preliminary 
to  its  estimation.  Sylvester  and  Lampitt  (7),  for  example,  ef¬ 
fected  this  preliminary  separation  by  precipitating  the  cobalt 
(together  with  iron  and  copper)  with  a-nitroso-/3-naphthol. 
Marston  and  Dewey  ( 2 )  used  dithizone  extractions  at  pH  5  and 
pH  8,  the  first  to  separate  other  heavy  metals  and  the  second  to 
extract  cobalt. 

Since  few  metals  other  than  cobalt  react  with  ammonium  thio¬ 
cyanate  to  form  a  complex  salt  that  can  be  extracted  with  organic 
solvents,  ammonium  thiocyanate  suggested  itself  as  a  useful 
reagent  to  effect  a  preliminary  separation  of  cobalt.  The  blue 
complex,  (NH4)2Co(SCN)4,  is  itself  used  for  the  colorimetric 
estimation  of  cobalt  ( 5 ,  8),  but  the  color  is  not  intense  enough 
to  be  used  for  the  small  amounts  of  cobalt  in  biological  samples. 
Iron,  nickel,  copper,  and  zinc  as  well  as  cobalt  form  complex 
thiocyanates  that  are  at  least  partly  extracted  by  organic  solvents. 
However,  the 'iron  complex  is  not  very  soluble  in  solvents  con¬ 
taining  ether  (3).  Furthermore,  nickel,  copper,  and  zinc  do  not 
interfere  with  the  final  estimation  of  cobalt  as  the  nitroso  R  salt 
complex  (2). 

The  present  investigation  had  a  twofold  object:  to  determine 
the  best  conditions  (solvent  composition,  pH,  and  ammonium 
thiocyanate  concentration)  for  extracting  the  cobalt  thiocyanate 
complex,  and  to  determine  whether  the  extract  could  be  used  for 
the  estimation  of  cobalt  as  the  nitroso  R  salt  complex.  The 
authors  were  led  finally  to  the  following  recommended  pro¬ 
cedure,  which  was  used  for  all  the  cobalt  recoveries  described 
below,  except  for  the  obvious  modifications  required  for  investi¬ 
gating  the  effect  of  varying  the  conditions  of  the  extraction. 

The  work  reported  was  carried  out  during  1939  and  would  have 
been  completed  by  a  series  of  actual  tests  on  biological  samples  but 
for  the  outbreak  of  the  war.  It  is  unlikely  that  the  cobalt  project 
will  be  resumed,  but  the  authors  believe  that  the  results  obtained 
will  be  sufficiently  useful  to  other  workers  to  justify  publication. 

RECOMMENDED  PROCEDURE 

a.  Dissolve  the  sample  (containing,  for  convenience,  10  to  20 
micrograms  of  cobalt)  in  hydrochloric  acid,  so  that  the  resulting 
solution  contains  an  excess  of  about  5  ml.  of  6  M  hydrochloric 
acid. 

b.  Add  20  ml.  of  60%  ammonium  thiocyanate.  The  solution 
will  normally  be  colored  red  at  this  stage  owing  to  iron  in  the 
sample  or  in  the  reagents.  Buffer  the  solution  by  adding  1  M 
ammonium  citrate  until  the  red  ferric  thiocyanate  just  disappears. 
Dilute  with  water  to  50  ml.  and  add  4  ml.  of  ether  to  saturate  the 
solution. 

c.  Extract  the  buffered  aqueous  solution  with  three  successive 
20-ml,  portions  of  a  mixture  of  35%  amyl  alcohol  and  65%  ether. 
Cobait  enters  the  nonaqueous  phase  as  (NH4)2Co(CNS)4,  while 
the  extraction  of  ferric  iron  is  prevented  by  the  ammonium 
citrate. 

d.  Shake  the  combined  extracts  with  two  20-ml.  portions  of 
2  M  ammonium  hydroxide,  thus  returning  the  cobalt  to  the 
aqueous  phase. 

e.  Evaporate  the  combined  ammonia  extracts  to  dryness. 
Add  20  ml.  of  6  M  nitric  acid  to  destroy  thiocyanate,  and  evapo¬ 
rate  to  dryness.  Neutralize  the  resulting  ammonium  hydrogen 
sulfate  by  adding  2  M  ammonium  hydroxide  and  evaporate  to 
dryness. 

/.  From  this  point  the  procedure  is  essentially  that  of  Marston 
and  Dewey  ( 2 ).  To  the  residue  add  5  ml.  of  water,  5  ml.  of  am¬ 
monium  citrate,  and  0.5  ml.  of  nitroso  R  salt  reagent.  Heat  the 
solution  on  a  water  bath  for  5  minutes,  add  5  ml.  of  concentrated 


nitric  acid,  and  heat  5  minutes  longer.  After  cooling  add  2  ml 
of  aqueous  bromine,  and  remove  excess  bromine  by  boiling 
Determine  the  cobalt  content  by  comparison  with  standards  con 
taining  known  amounts  of  cobalt. 

g.  The  comparison  standards  are  prepared  from  the  require( 
amount  of  standard  cobalt  sulfate  solution  and  ammonium  sul 
fate.  Evaporate  the  mixture  to  dryness  and  treat  the  residue  a 
in/. 

REAGENTS 

Ammonium  Thiocyanate  Solution,  60%.  Dissolve  42< 
grams  of  ammonium  thiocyanate  in  280  ml.  of  water.  Thorough! 
extract  the  solution  with  a  0.1%  solution  of  dithizone  in  chloro 
form,  and  remove  the  excess  dithizone  by  washing  with  chloro 
form,  and  the  excess  chloroform  by  washing  with  amyl  alcohol 
The  proper  pH  for  the  dithizone  extraction  may  be  found  by  add 
ing  ammonia  to  the  ammonium  thiocyanate  until,  on  adding  co 
bait  to  a  small  sample  of  the  solution,  the  cobalt  is  easily  ex 
tracted  again  with  dithizone. 

Ammonium  Citrate,  1  M.  Dissolve  210  grams  of  citric  acii 
in  400  ml.  of  water,  add  200  ml.  of  concentrated  ammonia,  an 
cool  the  solution.  Add  more  ammonia  until  the  solution  i 
alkaline  to  phenolphthalein.  Adjust  the  volume  to  1  liter,  am 
purify  the  solution  as  above  with  dithizone. 

Ammonium  Sulfate,  10%.  Dissolve  100  grams  of  ammoniur 
sulfate  in  900  ml.  of  water.  Purify  the  solution  with  dithizone  a 
before. 

Ammonium  Hydroxide,  2  M.  Redistill  concentrated  ammoni 
in  Pyrex  and  dilute  to  the  required  extent. 

Hydrochloric  Acid,  6  M.  Dilute  concentrated  hydrochlori 
acid  to  the  required  extent  and  distill  in  Pyrex. 

Nitric  Acid,  Concentrated.  Twice  distill  pure  nitric  aci 
in  Pyrex. 

Bromine,  0.2  M.  A  saturated  solution  of  bromine  (analytics 
reagent  grade)  in  water. 

Nitroso  R  Salt  Reagent.  A  1%  solution  in  water. 

Standard  Cobalt  Solutions.  Solutions  of  cobalt  sulfat 
in  water  containing  1  and  2  micrograms  of  cobalt  per  ml. 


Table  I.  Effect  of  Solvent  Composition,  Using  Ferric  Thiocyanate  £ 

Indicator 

(Volume  of  aqueous  phase  in  each  case  was  50  ml.,  and  it  contained  10  mien 
grams  of  cobalt,  20  ml.  of  60%  ammonium  thiocyanate,  5  ml.  of  6  M  hydre 
chloric  acid,  and  sufficient  ammonium  citrate  just  to  discharge  red  color  ( 
ferric  thiocyanate.  Solvent  phase  had  a  volume  of  20  ml.) 

Composition  of  Cobalt 

Solvent,  Recovered  after 

Amyl  Alcohol  Single  Extraction 

%  by  Volume  % 

31  81 

33  83 

34  86 

36  85 

37  82 

39  75 


OPTIMUM  COMPOSITION  OF  SOLVENT 

Grahame  and  Seaborg  (1)  have  stated  that  the  partition  cc 
efficient  of  (NH4)2Co(SCN)4  between  amyl  alcohol  and  an  ap 
proximately  20%  aqueous  solution  of  ammonium  thiocyanat 
is  about  10.  Rosenheim  and  Huldschinsky  (3)  recommended 
mixture  of  ether  and  amyl  alcohol  in  the  ratio  25  to  1  for  th 
separation  of  cobalt  and  nickel.  Since  the  use  of  ether  has  th 
advantage  that  the  solubility  of  ammonium  thiocyanate  in  th 
nonaqueous  phase  is  lowered,  it  was  decided  to  study  differec 
mixtures  of  amyl  alcohol  and  ether  to  find  the  optimum  compos 
tion.  Preliminary  trials  indicated  that  the  best  extraction  ( 
cobalt  was  from  aqueous  solutions  buffered  to  a  pH  of  between 
and  4.  A  series  of  solvent  mixtures  was  then  tested  with  aqueou 
solutions  buffered  with  ammonium  citrate  to  be  just  acid  t 
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)ble  II.  Effect  of  Thiocyanate  Concentration  and  pH  on  Extraction 

of  Cobalt 

Lqueous  phase  contained  20  micrograms  of  cobalt  in  each  case  and  was 
turated  with  ether.  Solvent  phase  in  each  case  consisted  of  20  ml.  of  a 
mixture  of  35%  amyl  alcohol  and  65%  ether.) 


Reagents  Added  to  Aqueous  Phase 


Ammo¬ 

nium 

Hydro- 

Ammo- 

Appar- 

Cobalt 

thio- 

chloric 

nium 

Water 

ent 

Recovered 

cyanate, 

acid, 

citrate, 

to 

pH  of 

after 

60% 

6  M 

1  M 

make 

Aqueous 

Single  Ex- 

Phase 

traction 

Ml. 

Ml. 

Ml. 

Ml. 

% 

?ries 

10 

1 

10 

60 

5.4 

0 

i 

10 

2 

10 

60 

4.8 

5 

10 

3 

10 

60 

4.1 

16 

10 

4 

10 

60 

3.4 

32 

10 

5 

10 

60  . 

2.8 

27 

;ries 

20 

2 

10 

60 

4.8 

59 

ii 

20 

3 

10 

60 

4.1 

72 

20 

4 

10 

60 

3.4 

85 

20 

5 

10 

60 

2.8 

84 

iries 

20 

2 

4.1 

65 

4.0 

78 

hi 

20 

4 

9.0 

65 

3.8 

81 

20 

6 

13.9 

65 

3.8 

87 

20 

8 

18.6 

65 

3.7 

83 

20 

10 

22.7 

65 

3.7 

88 

romophenol  blue  (pH  =  3).  In  each  case  the  aqueous  solutions 
iere  saturated  with  ether  (4  ml.  in  50  ml.  of  aqueous  solution) 
jfore  adding  the  extracting  solvent.  The  best  extraction,  as 
itermined  by  following  the  analytical  procedure  outlined  above, 
as  obtained  with  a  solvent  containing  about  35%  of  amyl  alcohol 
y  volume. 

After  the  method  of  using  ferric  iron  as  an  indicator  had  been 
jveloped  (see  below),  a  further  test  was  made  of  solvents  in  this 
imposition  range.  The  result  is  shown  in  Table  I.  It  was  con- 
rmed  that  about  34%  amyl  alcohol  is  the  optimum  composition, 
3%  of  the  cobalt  being  removed  from  the  aqueous  phase  in  a 
ingle  extraction. 

The  authors  used  in  each  case  a  single  extraction  with  definite 
ilumes  of  aqueous  phase  and  extracting  solvent.  This  was  done 
iliberately  to  make  it  possible  to  calculate  approximate  partition 
oefficients  if  necessary,  and  to  ensure  strictly  comparable  results. 
Ten  the  results  are  applied  in  an  analytical  method,  it  is  easy 
>  determine  how  many  extractions  are  needed  for  a  desired  re- 
jvery.  Using  optimum  conditions  of  86%  recovery  in  one  ex¬ 
action,  it  is  seen  that  two  successive  extractions  would  remove 
3%,  and  three  extractions  99.7%,  of  the  cobalt  in  the  aqueous 
rase. 

The  concentration  of  ammonium  thiocyanate  in  the  aqueous 
base  was  24%,  and  the  partition  coefficient  for  the  complex 
liocyanate  under  these  conditions  is  about  15.  While  the  ex¬ 
action  efficiency  is  not  unduly  sensitive  to  variations  in  the 
)mposition  of  the  solvent,  the  authors’  optimum  composition  is 
r  from  that  recommended  by  Rosenheim  and  Huldschinsky  (5). 

EFFECT  OF  pH  AND  THIOCYANATE  CONCENTRATION 

Experiments  to  study  the  effect  of  varying  the  pH  and  the 
liocyanate  concentration  in  the  aqueous  phase  are  outlined  in 
able  II,  Series  I  and  II. 

In  each  case  the  aqueous  phase  contained  20  micrograms  of 
■bait  in  60  ml.,  and  was  saturated  with  ether  before  shaking 
ith  the  extracting  solvent.  The  pH  was  varied  by  altering  the 
nount  of  hydrochloric  acid  present,  and  was  measured  after  the 
■bait  had  been  removed  by  the  extracting  solvent.  A  quinhy- 
cone  electrode  was  used,  and  no  attempt  was  made  to  correct 
r  the  salt  effect  resulting  from  the  very  high  electrolyte  con¬ 
centration.  The  pH  values  are  therefore  “apparent”  values  only, 
ipd  have  relative,  if  not  absolute,  significance.  The  cobalt  re- 
■vered  in  a  single  extraction  was  determined  by  carrying  out  the 
lalytical  procedure  outlined  above. 

■  A  pH  in  the  neighborhood  of  3.4  is  seen  to  be  the  best,  and  a 
imparison  of  Series  I  and  II  shows  the  expected  marked  effect  of 
I'tering  the  thiocyanate  concentration.  The  extraction  is  rea¬ 
dably  good  in  Series  II,  where  60  ml.  of  aqueous  phase  contain 


20  ml.  of  60%  ammonium  thiocyanate.  Using  half  this  concen¬ 
tration  as  in  Series  I,  the  amount  extracted  is  too  small  to  be  useful 
in  an  analytical  method. 

SUPPRESSION  OF  FERRIC  IRON  AND  USE  AS  INDICATOR 

Ferric  iron  is  invariably  present  at  much  greater  concentration 
in  biological  samples  than  is  cobalt,  and  it  is  also  normally  pres¬ 
ent  in  small  quantities  in  reagents  that  have  been  purified  with 
dithizone,  which  does  not  form  an  iron  complex.  It  is  therefore 
necessary  to  suppress  the  ferric  thiocyanate  complex  in  order  to 
prevent  interference  with  the  cobalt  determination.  Sodium 
pyrophosphate  has  been  suggested  for  this  purpose  (6) ;  but  the 
authors  found  ammonium  citrate  more  effective.  It  was  also 
noticed,  in  the  experiments  comprising  Series  I  and  II,  that  the 
addition  of  ammonium  citrate  as  a  buffer  caused  the  red  color  of 
the  ferric  thiocyanate  complex  (resulting  from  the  iron  in  the 
authors’  reagents)  to  disappear  at  a  point  very  close  to  the  opti¬ 
mum  pH  for  the  extraction. 

Series  III,  Table  II,  records  experiments  performed  to  find 
whether  ferric  iron  could  be  used  as  an  indicator.  Solutions  con¬ 
taining  20  micrograms  of  cobalt  were  treated  with  ammonium 
thiocyanate  and  varying  amounts  of  hydrochloric  acid.  Am¬ 
monium  citrate  was  then  added  in  each  case  until  the  red  ferric 
thiocyanate  had  just  disappeared.  The  volumes  were  made  up  to 
a  convenient,  uniform  value,  and  the  cobalt  was  extracted  and 
determined  as  before.  In  each  case  the  extraction  was  good,  so 
that  the  cobalt  in  the  aqueous  phase  could  be  removed  practically 
quantitatively  by  two  or  three  extractions.  The  use  of  ferric  iron 
as  an  indicator  is  therefore  possible,  and  it  has  an  advantage  over 
organic  indicators  in  that  the  latter  are  carried  through  the  pro¬ 
cedure  and  may  interfere  with  the  final  color  comparison. 

REMOVAL  OF  THIOCYANATE 

Ammonium  thiocyanate  is  slightly  soluble  in  the  mixture  of 
ether  and  amyl  alcohol,  and  if  it  is  still  present  when  the  excess 
nitroso  R  salt  is  being  nitrated,  there  is  a  violent  reaction  between 
the  nitric  acid  and  the  thiocyanate,  with  the  formation  of  a 
yellow  precipitate  which  is  probably  isoperthiocyanic  acid  (4)- 
Using  the  solvent  of  optimum  composition  for  the  extraction,  the 
authors  found  that  6  M  nitric  acid  removed  the  thiocyanate  satis¬ 
factorily  in  stage  e  of  the  procedure  described  above.  With  more 
concentrated  acid,  the  reaction  was  too  violent. 

CONCLUSIONS 

In  the  extraction  of  the  cobalt  thiocyanate  complex  from 
aqueous  solutions  containing  ammonium  thiocyanate  and  small 
quantities  of  cobalt,  the  most  suitable  mixture  of  ether  and  amyl 
alcohol  is  one  containing  35%  by  volume  of  amyl  alcohol,  pro¬ 
viding  the  aqueous  phase  is  first  saturated  with  ether. 

If  the  aqueous  phase  of  volume  50  ml.  contains  10  to  20  micro¬ 
grams  of  cobalt,  and  if  the  ammonium  thiocyanate  concentration 
is  at  least  20%,  86%  of  the  cobalt  can  be  removed  by  a  single  ex¬ 
traction  with  20  ml.  of  the  above  solvent  if  the  pH  is  in  the  region 
of  3.5.  This  corresponds  to  a  partition  coefficient  of  15  between 
the  solvent  phase  and  the  aqueous  phase.  Two  extractions  would 
therefore  remove  98%,  and  three  extractions  99.7%,  of  the  cobalt 
in  the  aqueous  phase. 

If  the  aqueous  phase  of  volume  50  ml.  contains  5  ml.  of  6  N 
hydrochloric  acid,  the  addition  of  ammonium  citrate  until  the  red 
color  of  ferric  thiocyanate  just  disappears  not  only  prevents 
interference  by  iron,  but  at  the  same  time  gives  the  correct  pH 
for  the  optimum  extraction  of  the  cobalt  thiocyanate  complex, 
thus  dispensing  with  the  need  for  an  organic  indicator. 

The  cobalt  thiocyanate  complex  can  be  back-extracted  from 
the  organic  solvent  by  2  M  ammonia,  yielding  a  residue  which, 
after  destroying  the  thiocyanate  with  6  M  nitric  acid  and  neu¬ 
tralizing  the  resulting  ammonium  hydrogen  sulfate,  can  be  used 
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for  the  estimation  of  cobalt  by  the  nitroso  R  salt  method  of  Mar- 
ston  and  Dewey. 
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Small  Glass  Center-Tube  Fractionating  Column 

E.  A.  NARAGON  and  C.  J.  LEWIS  * 

Beacon  Research  Laboratory,  The  Texas  Co.,  Beacon,  N.  Y. 


An  improved  small  glass  center-tube  fractionating  column  which 
can  be  easily  reproduced  is  described  and  construction  details 
are  given.  The  fractionating  section,  which  is  surrounded  by  a 
silvered  vacuum  jacket,  is  30.5  cm.  long  and  consists  of  an  8-mm. 
inside  diameter  outer  tube  and  a  6,5-mm,  outside  diameter  center 

THERE  is  always  a  need  in  the  laboratory  for  a  fractionating 
column  which  is  capable  of  efficiently  separating  small  quan¬ 
tities  of  close-boiling  liquids.  To  be  of  practical  value  such  a 
column  must  have  a  low  operating  holdup,  must  be  easily  repro¬ 
duced  from  readily  available  materials,  and  must  be  easily  oper¬ 
ated  with  a  minimum  amount  of  attention.  A  center-tube 
column  previously  described  (5,  6)  was  found  to  fill  all  these  con¬ 
ditions  except  that  it  is  not  easily  reproduced. 

This  article  deals  with  a  fractionating  column  that  is  similar  to 
the  one  previously  described  but  includes  several  improvements 
in  design  and  construction  technique  which  make  it  easily 
reproduced  and  increase  its  operating  efficiency.  The  improve¬ 
ments  include  a  reflux  distributor,  a  method  of  accurately  spac¬ 
ing  the  center  tube,  and  an  automatic  take-off  system.  It  has  an 
efficiency  under  conditions  of  total  reflux  of  over  75  theoretical 
plates  with  an  H.E.T.P.  of  less  than  0.4  cm.  for  a  30.5-cm.  (1-foot) 
fractionating  section.  The  column  can  be  used  not  only  for 
micro  work  but  for  work  involving  larger  quantities  of  liquid. 

CONSTRUCTION 

The  following  procedure  was  used  to  construct  the  column 
shown  diagrammatically  in  Figure  1. 

A  tube  of  6.5  ±0.1  mm.  outside  diameter  was  carefully  selected 
for  straightness  and  uniformity  from  stock.  Capillary  tubing 
was  used,  since  it  was  found  to  be  more  satisfactory  in  meeting 
these  requirements  than  either  regular  tubing  or  rod.  One  end  of 
this  tube  was  drawn  down  and  sealed  to  an  8-mm.  ball.  Troughs 
which  were  made  by  cutting  7-mm.  outside  diameter  tubing  in 
half  with  a  glass  saw  were  sealed  on  opposite  sides  of  the  ball 
just  below  the  horizontal  center  and  tilted  downward  at  an  angle 
of  15°  from  the  horizontal.  The  ends  of  the  troughs  were  cut 
at  an  angle  of  30°  from  the  vertical  and  at  right  angles  to  the 
length.  Slots  of  1  X  3  mm.  were  cut  into  the  ends  of  the  troughs. 
Glass  projections  to  be  used  for  supports  were  sealed  to  the  tube 
just  below  the  ball.  This  assembly  was  made  to  fit  within  25- 
mm.  outside  diameter  tubing  with  a  clearance  of  approximately 
1  mm.  between  the  wall  and  the  ends  of  the  troughs  and  projec¬ 
tions  with  the  ball  centered. 

The  bottom  of  the  6.5-mm.  outside  diameter  tube  was  drawn 
down  to  2-mm.  outside  diameter  and  left  extended  for  5  cm.  (2 
inches)  with  a  small  needle  eye  at  the  end.  The  length  of  the 
tube  between  the  drawn-down  ends  was  30.5  cm.  The  tube  was 
wrapped  at  a  6-mm.  pitch  with  copper  wire,  which  had  been 
stretched  to  an  approximate  outside  diameter  of  0.75  mm.,  mak¬ 
ing  use  of  the  needle  eye  and  the  glass  projections  to  hold  the 
ends  of  the  wire.  A  30.5-cm.  length  of  Ace  Trubore  tubing 
(Pyrex)  of  8  ±  0.01  mm.  inside  diameter  was  flared  out  slightly 
at  both  ends.  A  25-mm.  outside  diameter  tube  was  sealed  to  one 


tube.  Above  the  fractionating  section  a  distributor  is  used  which 
distributes  the  reflux  from  the  head  half  to  the  outer  tube  and  half  to 
the  center  tube.  The  column  is  equipped  with  an  automatic  take-off 
valve.  It  has  an  efficiency  of  over  75  theoretical  plates  with  an 
H.E.T.P.  of  less  than  0.4  cm. 

end  of  it.  The  tube  with  the  wire  wrapping  was  inserted  through 
the  large  tube  into  the  Trubore  tubing  by  rubbing  the  wire  down 
carefully  with  fine  emery  cloth  to  obtain  a  snug  fit  without  any 
binding.  The  wire  was  loosened  from  the  needle  eye  and  cut 
back  to  the  Trubore  tubing.  The  end  of  the  center  tube  was 
drawn  down  to  eliminate  the  needle  eye  and  was  bent  over  to  the 
side.  An  18-mm.  outside  diameter  tube  was  sealed  to  the  other 
end  of  the  Trubore  tube,  care  being  exercised  to  avoid  constrict¬ 
ing  the  annular  space.  The  bent  end  of  the  center  tube  was 
sealed  to  the  18-mm.  tube.  A  drip  tip  was  ring-sealed  above  the 
ball  with  a  clearance  of  about  2  mm.  between  the  tip  and  the 
ball.  The  glass  projections  were  sealed  to  the  wall. 

The  jacket,  bottom  drip  tip  and  joint,  head  assembly,  and 
thermowell,  which  had  a  thin  wall  at  the  bottom,  were  added 
in  the  order  named.  The  column  was  annealed.  During  the 
annealing,  air  was  drawn  slowly  through  the  column  to  ensure 
even  heating  and  prevent  differential  stresses.  The  copper  wire 
was  removed  with  aqua  regia  and  nitric  acid.  The  meniscus  in 
the  annular  space  was  tested  for  flatness  as  a  check  on  the  uni¬ 
formity  of  the  spacing  by  raising  and  lowering  a  leveling  bulb 
which  was  connected  to  the  bottom  of  the  column  and  contained 
first  water  and  then  a  hydrocarbon. 

The  following  evacuation  procedure  was  used  after  silvering 
the  jacket.  The  column  was  placed  in  an  oven  and  sealed  to  a 
system  comprising  a  liquid  air  trap,  a  two-stage  fractionating 
pump  (Distillation  Products  Co.),  and  a  Welch  Duo-Seal  pump. 
Evacuation  was  started.  The  temperature  of  the  column  was 
brought  up  slowly  to  300°  C.  while  air  was  drawn  through  the 
annular  space.  The  evacuation  was  continued  at  300°  C. 
until  the  pressure  was  down  to  10“  •  mm.  of  mercury.  The  heat 
was  then  cut  back  and  the  column  allowed  to  cool  to  approxi¬ 
mately  125°  C.  Evacuation  was  continued  at  this  temperature 
until  a  pressure  of  4  X  10“ 7  mm.  of  mercury  or  lower  was  ob¬ 
tained  as  measured  by  an  ionization  gage  unit  (Type  HG-200, 
Distillation  Products  Co.)  and  then  the  column  was  hermetically 
sealed.  The  finished  column  was  allowed  to  cool  slowly  to  room 
temperature.  It  was  insulated  with  1-inch  magnesia  pipe  lag¬ 
ging. 

The  critical  dimensions  in  the  column  are  those  pertaining  to 
the  distributor  and  to  the  annular  clearance  between  the  center 
tube  and  the  outside  tube.  The  2-mm.  clearance  between  the 
drip  tip  and  ball  of  the  distributor  gives  a  liquid  contact  which 
spreads  the  reflux  to  the  column  evenly  across  the  ball,  with  the 
result  that  approximately  half  of  it  flows  down  the  troughs  to  the 
outside  wall  and  the  remainder  flows  down  the  center  tube.  The 
clearance  and  slots  at  the  ends  of  the  troughs  permit  a  liquid 
contact  to  the  outside  wall.  It  is  not  necessary  to  use  Trubore 
tubing  for  the  outside  tube  to  obtain  the  desired  annular  clear¬ 
ance  if  sufficient  care  is  exercised  in  selecting  a  tube  of  uniform 
diameter  from  stock.  For  general  use,  however,  Trubore  tubing 
is  recommended.  A  head  assembly  half  the  size  of  the  one  shown 
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n  Figure  1  has  been  found  to  be  satisfactory  on  an  otherwise  du- 
)licate  column. 

The  spherical  end  of  the  take-off  valve  was  made  in  a  brass 
nold.  The  female  impression  was  made  with  a  ball  bearing 
attached  to  a  rod.  The  ground  surface  was  obtained  with  FFF 
Carborundum  and  polished  with  cerium  oxide. 

1  An  iron-constantan  thermocouple  was  cemented  in  the  thin- 
valled  thermowell  by  the  method  suggested  by  Baker  ( 1 ),  using 
Technical  B  copper  cement  obtained  from  the  Weinbaum  Den- 
al  Supply  Company  (220  West  42nd  St.,  New  York,  N.  Y.). 
This  cement  gives  good  heat  conductivity  to  the  thermocouple 
md  permits  accurate  temperature  readings. 

The  evacuated  (unsilvered)  heater  flask  was  constructed  as 
ihown  in  Figure  1. 

OPERATION 

The  operation  of  the  column  requires  a  minimum  amount  of 
attention  after  it  has  been  started  and  equilibrium  conditions 
lave  been  reached.  It  consists  of  periodically  measuring  the 
temperatures  in  the  head  and  still  pot,  the  boilup  rate,  and  the 
volume  or  weight  of  the  distillate.  Various  fractions  are  collected 
by  changing  the  product  receiver  as  desired.  The  take-off  rate 
being  slow,  the  product  receiver  does  not  have  to  be  changed 
often  and,  therefore,  very  little  of  the  operator’s  time  is  required 


for  this  operation.  The  still-pot  temperature  is  measured,  since 
it  gives  an  early  indication  of  a  cut  point  and  warns  of  the  need 
for  increasing  the  heat  input  to  the  still  pot  so  as  to  maintain  the 
boilup  rate  constant. 

In  starting  the  column  the  sample  is  pipetted  or  weighed  into 
the  still  pot.  Boiling  chips  are  added.  A  hydrocarbon-insoluble 
grease  or  any  other  suitable  grease  is  applied  to  the  ground  joint 
at  the  base  of  the  column  and  the  still  pot  is  put  in  place  and  held 
with  small  springs  hooked  to  the  glass  projections.  A  thermo¬ 
couple  is  inserted  into  the  thermowell  of  the  still  pot.  The 
heater  flask  is  raised  around  the  still  pot  and  insulated  at  the  top 
by  use  of  glass  wool.  The  heater  element  within  the  heater  flask 
is  raised  to  within  12  mm.  of  the  still  pot.  The  heat  is  turned 
on  and  adjusted  so  that  a  boilup  rate  of  approximately  80  drops 
per  minute  into  the  still  pot  is  obtained  within  a  half  hour.  After 
refluxing  at  this  rate  for  one  hour,  the  heat  input  is  adjusted  to 
give  the  desired  boilup  rate  which  is  maintained  constant.  Ex-' 
cept  for  the  lower  boilup  rates,  3  to  4  hours  then  are  usually  re¬ 
quired  to  reach  equilibrium.  After  equilibrium  is  reached  the 
electric  timer,  which  is  used  in  conjunction  with  a  solenoid  to 
operate  the  take-off  valve,  is  adjusted  and  started  to  give  the  de¬ 
sired  take-off  rate. 

Heat  input  to  the  column  is  controlled  through  a  constant- 
voltage  regulator,  a  toy  transformer,  and  a  Variac  in  series.  Use 
of  the  constant-voltage  regulator  is  recommended,  since  small 
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fluctuations  in  the  line  voltage  materially  affect  the  boilup  rate 
in  the  column.  The  toy  transformer  (15  volts)  and  the  Variac 
permit  close  control  of  the  heat  input. 

The  temperature  readings  which  are  obtained  by  use  of  the 
thermocouple  in  the  head  agree  within  0.5°  C.  of  the  true  boiling 
point  of  the  overhead  product,  except  during  the  distillation  of  the 
last  portion  of  a  constant-boiling  fraction.  During  the  distillation 
of  the  last  portion  of  a  constant-boiling  fraction,  the  temperature 
increases  gradually  until  it  reaches  the  boiling  point  of  the  next 
higher  constant-boiling  fraction.  The  latter  point  has  been 
found  to  agree  well  with  the  cut  point  expected  when  fractionating 
a  known  mixture  of  pure  components  which  boil  6°  C.  or  more 
apart.  This  behavior  of  the  temperature  is  due  to  the  position 
of  the  thermocouple  which  results  in  a  temperature  reading  of  the 
reflux  to  the  column  rather  than  of  the  vapor  collected  as  over¬ 
head  product.  It  is  necessary,  however,  to  have  the  thermo¬ 
couple  in  its  designated  position  rather  than  higher  in  the  column 
in  order  to  get  constant-temperature  readings  and  thereby  fol¬ 
low  the  progress  of  the  fractionation. 

The  operating  holdup  of  the  column  is  estimated  to  be  of  the 
order  of  1.0  to  1.5  ml. 

EFFICIENCY  TESTS 

Efficiency  tests  of  this  column  were  made  under  conditions 
of  total  reflux,  using  mixtures  composed  of  carefully  purified  71- 
heptane  and  methyl  cyclohexane.  The  purification  procedure 
consisted  of  separately  fractionating  71-heptane  (c.p.  grade 
from  California  Chemical  Corp.)  and  methyl  cyclohexane  (white 
label  grade  from  Eastman  Kodak  Co.)  in  a  column  under  condi¬ 
tions  equivalent  to  a  theoretical  platage  of  about  30  to  obtain 
constant-boiling  center  cuts.  The  physical  properties  obtained 
on  these  cuts  are  given  below. 


BOILUP  RATE,  ML./  HR. 


Figure  2.  Efficiency  Tests 


Figure  3.  Distillation  of  Known  Mixture 


Table  I.  Efficiency  Tests 


Boilup  Rate 

Refrac¬ 
tive  In¬ 
dex  of 

Mole  Fraction 
7i-Heptane 

Theoreti- 

H.E.T.P., 

Drops/min. 

Ml. /hr. 

Distillate 

Distillate  Pot 

cal  Plates 

Cm. 

50 

77 

1.3888 

0.970 

0.084 

86.5 

0.35 

50 

77 

1.3890 

0.963 

0.072 

86.0 

0.35 

50 

77 

1 . 3890 

0.963 

0.080 

84.0 

0.36 

50 

77 

1.3892 

0.957 

0.089 

80.0 

0.38 

60 

92 

1 . 3888 

0.970 

0.121 

80.0 

0.38 

60 

92 

1.3887 

0.972 

0.165 

76.5 

0.40 

60 

92 

1.3892 

0.957 

0.118 

75.5 

0.40 

60 

92 

1 . 3894 

0.950 

0.115 

73.5 

0.42 

69 

106 

1.3916 

0.878 

0.083 

64.5 

0.47 

70 

107 

1 . 3899 

0.934 

0.159 

63.5 

0.48 

70 

107 

1 . 3900 

0.930 

0.161 

62.5 

0.49 

70 

107 

1.3916 

0.878 

0.099 

61.5 

0.49 

70 

107 

1.3917 

0.875 

0.097 

61.5 

0.50 

77 

118 

1.3932 

0.827 

0.091 

57.0 

0.54 

80 

122 

1.3928 

0.840 

0.098 

57.0 

0.54 

80 

122 

1.3938 

0.807 

0.096 

54.5 

0.56 

80 

122 

1.3961 

0.730 

0.069 

53.0 

0.58 

88 

122 

1.3979 

0.675 

0.065 

50.0 

0.60 

80 

122 

1.3928 

0.840 

0.154 

49.5 

0.62 

Results  of  the  efficiency  tests  are  shown  in  Figure  2  and  Table 
I.  Very  little  or  no  liquid  condensed  in  the  head  at  boilup 
rates  below  50  drops  per  minute. 

Pressure  750  Refractive  Index  at  20°  C. 
Mm.  Hg,  °  C.  Observed  Literature  (S) 

n-Heptane  97.8  1.3878  1.3877 

Methyl  cyclohexane  100.2  1.4233  1.4230 


DISTILLATION  OF  KNOWN  MIXTURE 

The  distillation  of  a  known  mixture  of  n-heptane  and  methyl 
cyclohexane  was  carried  out  at  a  boilup  rate  of  60  drops  per 
minute  into  the  still  pot  with  a  continual  take-off  rate  averaging 
0.11  ml.  per  hour.  Samples  of  the  distillate  were  taken  every  2 
hours  and  were  analyzed  by  the  refractive  index  data  of  Bromiley 
and  Quiggle  (2).  Analyses  of  the  still-pot  mixtures  were  made  by 
back-calculating  as  previously  described.  Results  of  this  dis¬ 
tillation  are  shown  in  Figure  3. 


Analyses  of  the  n-heptane-methyl  cyclohexane  mixtures  were 
made  using  the  refractive  index  vs.  mole  fraction  n-heptane  data 
of  Bromiley  and  Quiggle  (£).  Analyses  of  the  distillate  samples 
were  obtained  directly.  Analyses  of  the  still-pot  mixtures  which 
ranged  from  20  to  40  ml.  in  volume  were  obtained  by  back-calcu¬ 
lating  from  the  analyses  and  volumes  of  the  charge  to  the  still 
pot  and  of  the  distillate  samples,  assuming  no  holdup  in  the 
column.  The  charge  to  the  still  pot  was  analyzed,  measured,  and 
changed  periodically  to  make  certain  that  cumulative  errors  did 
not  invalidate  the  efficiency  values.  This  method  gave  slightly 
lower  efficiency  values  than  would  be  obtained  by  direct  analyses 
of  the  still-pot  mixtures  but  was  more  convenient.  Fenske’s  (4) 
formula  (relative  volatility  =  1.07)  was  used  for  calculating 
the  efficiencies  in  terms  of  theoretical  plates. 
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Mercury  Cleaning  Apparatus  For  Continuous  Operation 

FREDERIC  E.  HOLMES,  6515  Blueridge  Ave.,  Cincinnati  13,  Ohio 


THE  present  contribution  is  concerned  with  the  mechanical 
means  of  bringing  about  thorough  agitation  and  fine  division 
>f  mercury  in  contact  with  any  chosen  cleaning  solutions  rather 
;;han  with  the  chemical  process  itself.  The  apparatus  con- 
iists  of  as  many  units,  arranged  in  series,  as  are  needed  to  ac- 
;ommodate  the  desired  number  of  reagents  and  washes.  A 
single  unit  is  shown  in  Figure  1. 

Each  unit  is  prepared  for  operation  in  the  following  manner . 
tn  order  to  prevent  escape  of  solution,  a  small  amount  of  mer- 
;ury  is  introduced  into  the  outlet  trap  through  the  outlet  by 
neans  of  a  funnel  and  short  piece  of  rubber  tubing,  and  a  few 
irops  are  also  placed  in  the  inlet  cup  and  trap.  The  solution 
•eservoir  is  filled  to  within  about  100  ml.  of  its  capacity  with  the 


Splash  trap  and  solution  chamber 
Outlet  trap  (part  surrounding  ascending  tube) 
Ascending  and  descending  tubes 
Inside  diameters  (bore) 

Pump  tube 

Vertical  distance,  D  to  L 
Vertical  distance,  D  to  M 
Inside  diameter  of  chopping  bulbs 


25-28  mm.* 

1  5-16  mm.* 

9  *  0.5  mm.* 
3-3.5  mm. 

1 5  mm. 

11-13  mm. 
20-22  mm. 
9-11  mm. 


Dimensions  are  outside  diameters  except  as  noted.  *  Calculated  lor  desired 
ratio  o(  delivery  to  recirculation. 


desired  cleaning  solution  and  connected  with  the  unit  by  rubber 
tubing  as  shown.  The  air  inlet  is  connected  by  pressure  tubing  to 
a  source  of  air  under  pressure.  Cleaning  solution  is  poured  in 
through  the  splash  trap  until  the  level  reaches  about  halfway  be¬ 
tween  bottom  and  top  of  the  pump  tube.  The  connections  to  the 
solution  reservoir  are  freed  of  air  by  pinching  the  rubber  tubing. 
Air  under  pressure  is  admitted  cautiously  through  the  air  inlet 
until  it  is  bubbling  freely  from  the  top  of  the  ascending  tube  at  J 
in  the  solution  chamber.  Mercury  is  then  allowed  to  flow  into 
the  inlet  cup  of  the  first  unit,  and  the  rate  of  flow  is  adjusted  to 
the  desired  rate  of  cleaning. 

Air  entering  the  ascending  tube  at  A  makes  the  column  of  fluid 
above  this  point  lighter  than  in  the  descending  tube  and  produces 
a  rapid  flow  in  the  direction  indicated  by  the  arrows.  Mercury 
entering  the  solution  chamber  through  the  inlet  trap  flows  into 
the  descending  tube  at  M  in  large  drops  interspersed  with  solu¬ 
tion  from  the  chamber  and  thence  down  this  tube  to  the  ascend¬ 
ing  tube.  The  bulb  below  A  retains  enough  mercury  to  act  as  a 
valve,  retarding  backward  flow  and  favoring  normal  flow. 
Above  A,  the  mercury  is  broken  into  smaller  droplets  by  the  air. 
The  chopping  bulbs  in  the  ascending  tube  promote  division,  co¬ 
alescence,  and  redivision  of  the  mercury,  thus  frequently  renewing 
the  surface  exposed  to  action  of  the  solution  and  greatly  extend¬ 
ing  its  area.  During  their  progress  upward  in  this  tube,  these 
fine  droplets  are  falling  in  relation  to,  and  through,  the  more 
rapidly  moving  solution  and  air.  Air,  solution,  and  mercury  are 
ejected  into  the  solution  chamber  from  the  jet  at  J .  The  air 
passes  out  through  the  pump  tube,  carrying  solution  over  with  it 
and  maintaining  circulation  of  the  solution  between  reservoir 
and  solution  chamber.  The  mercury  impinges  on  the  wall  of  the 
chamber  and  falls  back  in  a  shower  of  droplets  to  the  dividing 
point,  D,  where  a  small  part  enters  the  top  of  the  outlet  trap. 
The  larger  portion  falls  to  the  bottom  of  the  chamber  and  re¬ 
enters  the  cleaning  cycle. 

The  ratio  of  mercury  delivered  from  the  outlet  to  that  recircu¬ 
lated  is  approximately  proportional  to  the  areas  of  the  annular 
space  between  the  outside  of  the  ascending  tube  and  the  top  of 
the  outlet  trap  and  that  between  the  top  of  the  trap  and  the  wall 
of  the  solution  chamber,  indicated  by  I  and  0,  respectively,  in 
the  insert.  The  ratio  is  fixed  in  the  construction  of  each  unit.  A 
ratio  of  approximately  1  to  5  has  been  used. 

Adjustments  during  operation  are  not  critical  within  a  wide 
range.  Normal  function  is  maintained  by  rates  of  flow  of  air 
from  that  of  a  “lazy”  stream  of  bubbles  to  that  which  produces 
vigorous  action  and  maximum  turbulence.  The  limiting  factor 
is  back-pressure  in  the  ascending  tube.  The  rate  of  flow  of  mer¬ 
cury  may  be  from  the  minimum  obtainable  to  as  much  as  8  kg. 
per  hour  attained  in  one  unit  tested.  Because  of  this  wide  range 
in  rate  of  performance,  each  unit  of  the  series  will  accommodate 
varying  amounts  delivered  from  the  preceding  unit,  and  no  elabo¬ 
rate  balancing  of  adjustments  is  required. 

Air  under  pressure  may  be  obtained  from  the  usual  laboratory 
system  or  from  a  pump  delivering  at  a  pressure  of  700  grams  per 
sq.  cm.  (10  pounds  per  square  inch).  Each  unit  requires  a  sepa¬ 
rate  valve  in  a  line  carrying  full  pressure,  so  that  the  unit  having 
lowest  back-pressure  cannot  steal  air  from  the  others.  In  order 
to  use  one  pump  or  one  outlet  of  the  laboratory  air  supply  for 
several  units,  a  metal  manifold  having  a  sufficient  number  of 
metal  valves  is  suggested.  If  this  is  made  of  large  pipe  capped 
at  one-  end,  it  can  be  filled  with  cotton  or  other  material  to  serve 
as  a  filter  to  remove  oil  and  dirt  from  the  air. 

To  prevent  escape  of  cleaning  solution  when  a  unit  is  not  in 
use,  the  pressure  tubing  may  be  disconnected  at  the  metal  valve 
and  the  free  end  raised  and  hung  on  the  supporting  frame  by 
means  of  a  pinchclamp. 
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Batch  operation  of  single  units  of  a  similar  design,  using  suc¬ 
cessive  changes  of  cleaning  solution,  has  been  tested  over  a  period 
of  two  years  at  Wright  Field,  Dayton,  Ohio,  and  at-Bushnell 
General  Hospital,  Brigham,  Utah,  and  proved  convenient  and 
satisfactory  for  processing  very  small  amounts  of  mercury.  A 
single  unit  of  the  present  apparatus  may  be  used  similarly  when 
economy  of  space  is  more  important  than  the  advantages  of 
simultaneous  multiple  operations. 

The  advantages  of  the  apparatus  are  fine  division  of  mercury 
and  prolonged  contact  with  the  solution,  elimination  of  fine  ori¬ 
fices  which  tend  to  become  clogged  with  dirt,  automatic  opera¬ 
tion  requiring  little  attention,  relatively  small  size,  light  weight, 
adaptability  to  few  or  many  simultaneous  cleaning  operations  and 
to  very  small  and  very  large  capacity  requirements,  and  small 
holdup. 

Cleaning  solutions  that  have  been  used  satisfactorily  in  this 
type  of  apparatus  are  10%  lactic  acid,  5%  sodium  hydroxide,  5% 
sulfuric  acid,  3  to  10%  nitric  acid,  and  water,  usually  in  the  order 
named  when  more  than  one  is  used.  Control  of  operations  has 
been  based  on  such  criteria  as  speed  of  coalescence  of  droplets, 
freedom  from  blemish  of  the  mercury  surface,  freedom  from  stain 
on  glass  surfaces  in  prolonged  contact  with  the  mercury,  and 
clean  appearance  during  distillation.  More  specific  data  have 
not  been  sought.  It  has  been  assumed  that  quality  of  product  is 
inversely  related  to  its  rate  of  flow. 


Figure  1  is  drawn  to  scale,  except  that  some  diameters  art 
slightly  exaggerated  for  printing.  Operable  models  can  be  made 
within  a  wide  range  of  dimensions  and  proportions. 

Ascending  tubes  have  been  used  having  inside  diameters  up  to 
4  mm.  and  lengths  up  to  600  mm.  The  descending  tube  should 
have  the  same  inside  diameter  as  that  of  the  ascending  tube: 
greater  bore  results  in  unstable  operation,  and  smaller  bore  yields 
little  if  any  advantage.  The  bore  of  the  jet  should  not  be  tapered 
to  less  than  half  that  of  the  rest  of  the  ascending  tube;  if  too 
small,  the  back  pressure  is  excessive.  The  ascending  and  de¬ 
scending  tubes  should  be  built  as  close  to  each  other  as  possible  to 
avoid  collection  of  excessive  amount  of  mercury  in  the  horizontal 
part  of  the  loop.  A  slight  funnel-like  expansion  of  the  top  of  the 
descending  tube  favors  normal  flow.  A  slight  constriction  at 
the  bottom  of  the  pump  tube  is  intended  to  improve  pumping 
action. 

The  side  tubes  for  connection  with  the  solution  reservoir  are 
separated  horizontally  sufficiently  to  avoid  difficult  glass  blowing 
and  excessive  fragility.  The  one  carrying  the  return  to  the  solu¬ 
tion  chamber  is  slightly  funnel-shaped  and  inclined  to  provide 
for  return  of  mercury  droplets  to  the  chamber.  The  mercury  in¬ 
let  cup  and  trap  and  the  mercury  outlet  are  actually  in  a  plane 
perpendicular  to  that  of  the  ascending  and  descending  tubes  and 
air  inlet.  The  length  of  the  splash  trap  may  be  increased  for  al¬ 
kaline  or  soapy  solutions,  or  caprylic  alcohol  may  be  used  to 
break  any  foam.  Any  convenient  bottle  is  suitable  for  the  solu¬ 
tion  reservoir. 

Units  of  this  apparatus  may  be  obtained  from  Harshaw  Scien¬ 
tific  Company,  Cincinnati,  Ohio. 


Assay  of  Hydroquinone 

I.  M.  KOITHOFF  AND  THOMAS  S.  LEE 
University  of  Minnesota,  Minneapolis,  Minn. 


A  COMPARISON  has  been  made  of  the  iodometric  and 
cerometric  titrations  in  the  assay  of  hydroquinone. 
Iodometric  Method.  In  this  method  an  excess  of  standard 
iodine  solution  is  added  to  a  solution  of  the  hydroquinone  and 
the  excess  iodine  is  back-titrated  ( 1 ,  4,  5,  6).  The  sources  of 
error  have  been  studied  systematically  with  the  following  results: 

1.  In  order  to  have  the  oxidation  of  hydroquinone  go  to  com¬ 
pletion  the  pH  of  the  solution  must  be  greater  than  6.  Many 
authors  (1,  5,  6)  recommend  a  solution  of  sodium  hydrogen  car¬ 
bonate  (pH  8.4)  as  a  suitable  reaction  medium. 

2.  If  the  reaction  is  carried  out  in  a  hydrogen  carbonate 
solution,  the  solution  should  be  protected  from  air  to  prevent  air 
oxidation  of  hydroquinone  (3).  The  back-titration  of  excess 
iodine  must  be  made  with  arsenious  acid,  not  with  sodium  thio¬ 
sulfate. 

3.  Another  source  of  error,  not  discussed  in  the  literature,  is 
that  iodine  reacts  to  some  extent  with  quinone  to  form  an  orange 
or  brown  colored  product.  From  a  number  of  experiments  it 
was  concluded  that  the  back-titration  of  iodine  must  be  made 
relatively  quickly  in  order  to  reduce  the  extent  of  reaction  of 
iodine  with  quinone  to  a  minimum.  The  orange  or  brown  com¬ 
pound  formed  also  obscures  the  end  point. 

The  following  procedure,  taken  from  the  Laboratory  Manual 
of  the  Rubber  Reserve  Company  and  modified  slightly,  was 
found  to  give  results  almost  identical  with  the  procedure  recom¬ 
mended  by  Kolthoff  (4). 

Procedure.  Accurately  weigh  a  sample  of  0.15  to  0.2  gram 
and  transfer  it  to  an  Erlenmeyer  flask.  Add  25  ml.  of  water, 
dissolve  the  hydroquinone,  and  add  5  grams  of  solid  carbon  di¬ 
oxide  and  2  grams  of  sodium  hydrogen  carbonate.  Cover  the 
flask  with  a  small  watch  glass  and  swirl  the  flask  intermittently 
until  the  dry  ice  has  disappeared.  Then  warm  the  solution  to 
room  temperature  but  not  above.  Do  not  allow  the  sample  to 
stand  any  length  of  time  at  this  point.  Add  1  ml.  of  starch 
indicator  and  titrate  immediately  with  0.1  N  iodine  solution  to 
the  starch-iodine  end  point.  Add  just  1  ml.  of  iodine  solution  in 
excess  and  back-titrate  with  0.05  N  arsenious  acid  solution  to  a 
light  yellow  color. 

The  error  in  both  Kolthoff’s  procedure  and  that  given  above 


was  found  to  be  +0.3%,  and  the  precision  is  of  the  same  order  of 
magnitude. 

Cerometric  Method.  Titration  of  hydroquinone  with  ceric 
sulfate  solution  was  recommended  by  Furman  and  Wallace  (2), 
who  found  that  the  end  point  could  be  detected  potentiometrically 
or  with  diphenylamine  or  diphenylamine  sulfonate  indicators. 
The  authors  have  found  that  ferrous  phenanthroline  is  a  very 
suitable  indicator. 

The  average  error  of  ten  titrations  with  ceric  sulfate  (0.1  N )  was 

0.02%. 

In  the  titration  of  three  commercial  samples  of  hydroquinone 
of  96  to  100%  purity,  iodometric  and  cerometric  methods  gave 
the  same  results  to  within  *0.3%. 

The  cerometric  method  is  recommended  for  the  assay,  rou¬ 
tine  or  otherwise,  of  hydroquinone,  except  when  the  sample  con¬ 
tains  impurities,  such  as  oxalate,  which  are  oxidized  by  cerii- 
sulfate  but  not  by  iodine. 

SUMMARy 

The  ceric  sulfate  procedure  for  the  titration  of  hydroquinone 
is  accurate  and  precise  to  0.02%.  Ferrous  phenanthroline  .can 
be  used  as  an  indicator.  Under  the  most  favorable  conditions 
the  iodometric  method  gives  an  error  of  +0.3%,  due  to  reaction 
of  quinone  with  iodine. 
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Constant-Level  Feeder  for  Thermostatic  Baths  and  Continuous  Evaporators 

M.  S.  TELANG,  Laxminarayan  Institute  of  Technology,  Nagpur  University,  Nagpur,  India 


l  VARIOUS  forms  of  useful  constant-level  devices  for  thermo- 
V  static  baths  at  elevated  temperatures  have  been  described 
£-14, 16-23).  Such  devices  may  be  broadly  classified  into  three 
roups:  (1)  The  common  form  of  constant-level  attachment 
ot  employing  the  siphon  principle,  but  working  in  combination 
nth  an  overflow  arrangement.  To  attach  this  form  to  the  bath, 

;  is  necessary  to  drill  a  hole  in  the  bath.  (2)  Devices  depending 
pon  the  siphon  principle  in  combination  with  an  overflow  ar- 
ingement,  requiring  no  drilling  of  hole  to  attach  to  the  bath. 
3)  Devices  using  siphon  system  in  accordance  with  the  prin- 
iple  of  the  Mariotte  bottle,  eliminating  drilling  of  any  hole  in  the 
ath  vessel. 

Objections  to  the  first  type  have  been  pointed  out  by  Wilde 
20).  Devices  of  the  second  type  have  certain  advantages,  but 
jquire  a  thermostat  in  a  place  easily  accessible  to  a  water  tap 
nd  drain.  They  waste  water,  sometimes  even  hot  water,  and 
)r  this  reason,  they  consume  more  of  the  gas  or  electricity  used 
>r  heating  in  conjunction  with  thermoregulators.  If  the  tap 
ater  is  not  soft  enough,  these  devices  cannot  be  run  with  dis- 
lled  water  to  avoid  scale  formation  in  the  bath.  Some  of  these 
evices  involve  a  lot  of  glass  blowing.  In  many  cases,  it  is  neces- 
iry  to  pay  periodic  attention  to  adjustment  of  water  flow. 

The  third  type  eliminates  the  defects  of  the' first  two  types; 
owever,  reservoirs  must  be  frequently  refilled,  though  attempts 
ave  been  made  by  some  authors  to  minimize  refilling.  The 
resent  paper  deals  with  the  third  type,  simplifies  the  construc- 
on  of  older  forms,  indicates  improvements  over  previous  forms, 
nd  discusses  both  advantages  and  disadvantages. 

The  device  is  shown  in  Figure  1.  Clamps  and  other  supports 
re  not  shown  in  the  diagram. 


A.  Aspirator  bottle,  of  any  convenient  siie.  B. 
Water  level  at  beginning.  B'.  Water  level  at  end. 
C.  Single-holed  rubber  stopper  to  fit  bottom 
tubulature  outlet  of  A.  D.  Separatory  funnel  of 
any  size.  E.  Double-holed  rubber  stopper  to  fit 
mouth  of  A.  F.  Connecting  glass  tube,  6-mm. 
diameter.  C.  Rubber  tube.  H.  Splash  head 
such  as  that  of  Kjeldahl's  apparatus.  /.  Long 
stem  of  funnel  J  fused  or  connected  by  short  rubber 
tube  to  H.  Rim  diameter  of  J  5  cm.,  diameter  of  t 
6  mm.  K.  Delivery  tube,  3-mm.  diameter.  L. 
Actual  level  of  water  in  thermostatic  bath  M,  coin¬ 
ciding  with  rim  of  J.  N.  Feed  tube  of  glass,  3- 
mm.  diameter.  P.  Pinchcock  and  short  rubber 
tube  connecting  N  and  K. 


A  serves  as  the  water  reservoir,  D  being  the  refiller.  N  is  the 
feeder  to  the  bath.  G,  being  flexible,  permits  adjustment  of  level 
L  in  M .  The  splash  head,  77,  prevents  carrying  over  water  from 
M  back  into  A.  The  limb,  HIJ,  can  be  regarded  as  a  balancer  of 
pressure  in  A  and  consequently  as  a  level  controller  in  M.  Fun¬ 
nel  J  is  necessary,  as  otherwise,  even  if  the  level  falls  below  L,  a 
column  of  water  remains  suspended  in  7,  owing  to  surface  tension 
effects,  and  will  throw  the  feeder  out  of  action. 

To  start  working,  the  lower  end  of  N  is  immersed  well  below 
level  L  which,  in  turn,  is  adjusted  to  a  predetermined  height  by 
the  position  of  the  rim  of  J.  P  is  closed  and  A  is  filled  with  water 
through  D.  While  filling  A,  P  should  be  closed,  as  otherwise  the 
water  level  in  M  rises  above  L  by  draining  through  N.  Extra 
pressure  produced  by  compression  of  air  enclosed  in  the  space 
above  the  water  leveli  n  A  during  filling  through  D  will  be  relieved 
by  the  escape  of  air  bubbles  through  F  and  ultimately  through  J. 
If  filling  of  A  is  stopped  by  closing  the  tap  of  D  and  if  P  is  then 
opened,  a  slight  readjustment  of  the  levels  of  water  in  both  A  and 
M  takes  place  and  water  rises  in  tube  7  until  it  is  the  same  as  in 
A  as  shown  at  73.  If  the  water  is  cold  at  first,  the  level  in  M 
stands  a  fraction  of  a  centimeter  above  L.  As  heating  and  evapo¬ 
ration  progress,  the  level  falls  to  L  and  remains  practically  con¬ 
stant  throughout.  Whenever  the  level  falls  very  slightly  below  L 
owing  to  continued  evaporation  the  water  seal  at  the  rim  of  J  is 
broken  and  air  bubbles  escape  into  A  through  HIJ.  The  pres¬ 
sure  of  air  enclosed  above  water  in  A  thus  increases  slightly, 
thereby  driving  more  water  through  feeder  N  until  the  level  in 
M  rises  again  to  L  and  reaches  the  mouth  of  J.  This  process 
continues  as  long  as  there  is  a  water  head  available  in  A.  When 
the  water  becomes  hotf  the  water  in  the  balancer  may  rise  a  little 
higher  than  in  A,  owing  to  diminution  in  density  of  water  at 
elevated  temperatures. 

Operation  is  an  application  of  the  principle  of  the  Mariotte 
bottle.  The  flow  of  water  from  A  depends  jointly  upon  the  head 
of  water  and  the  pressure  of  air  enclosed  in  A.  Since  the  pres¬ 
sure  of  air  in  A  is  controlled  by  the  balancer  limb  HIJ,  it  is 
evident  why  the  flow  of  water  from  A  into  M  should  stop  when 
the  mouth  of  J  is  sealed  by  water  reaching  level  L. 

The  above  arrangement  is  a  modification  of  Gerdel’s  device  (7), 
which  has  the  following  defects:  To  refill,  the  stopper  of  the  res¬ 
ervoir  bottle  must  be  removed  or  a  separatory  funnel  attached 
through  the  stopper  by  boring  a  fourth  hole  in  it;  this  leads  to  an 
undesirable  state  of  congestion.  Siphoning  continues  during  re¬ 
filling  if  done  through  a  separatory  funnel,  and  thus  raises  the 
level  of  water  in  the  bath.  At  the  boiling  temperature,  some 
water  is  carried  from  the  bath  back  into  the  reservoir,  owing  to 
the  increased  frequency  of  air  bubbles  rising  in  the  balancer  limb. 
This  may  not  be  a  serious  defect  so  far  as  the  thermostatic  bath 
is  concerned,  but  if  all  the  distilled  water  in  the  reservoir  is  not 
used  up  by  the  bath,  the  water  remaining  will  be  rendered  unfit 
for  other  purposes,  owing  to  contamination  with  the  water  in  the 
bath.  At  elevated  temperatures,  air  dissolved  in  water  is  ex¬ 
pelled  and  air  bubbles  accumulate  at  the  head  of  the  siphon, 
hindering  or  stopping  the  siphoning  operation.  These  defects 
are  eliminated  in  the  improved  device  here  described. 

The  advantages  of  this  arrangement  are  obvious.  It  can  be 
made  of  materials  readily  available  in  a  good  laboratory.  It 
feeds  water  to  the  bath  only  when  necessary,  eliminating  wastage 
of  hot  water.  It  can  be  set  up  in  any  desired  place.  It  avoids 
any  damage  to  vessels,  especially  those  of  glass  or  stoneware. 
It  can  be  worked  even  at  the  boiling  temperature.  Any  desired 
water  level  in  the  bath  can  be  obtained  quickly  by  adjusting  the 
position  of  the  rim  of  J.  The  device  and  the  bath  are  entirely  in¬ 
dependent  of  each  other,  hence  substitution  of  either  is  possible. 
As  there  is  no  continuous  flow  of  water,  adjustment  of  flow  needs 
no  attention.  Dissolved  air  expelled  from  hot  water  in  the  bath 
has  no  place  to  accumulate  to  obstruct  siphoning  operation,  as  the 
flow  of  water  depends  mainly  upon  the  hydrostatic  head.  There 
is  no  complicated  glass  blowing,  as  the  equipment  needed  is  of 
standard  type.  It  can  be  used  with  any  quality  of  water,  being 
specially  suitable  for  distilled  water.  Refilling  of  the  aspirator 
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bottle  is  necessary;  but  this  is  not  serious  if  an  aspirator  bottle 
of  large  capacity  is  chosen.  For  a  thermostatic  bath  of  normal  size 
(13),  refilling  may  be  necessary  once  a  day.  If  a  metal  tank 
reservoir  is  available,  so  much  the  better. 

Continuous  Evaporators.  Evaporators  may  be  of  various 
types  (1),  but  they  are  either  open  pans  or  closed  bodies  employ¬ 
ing  vacuum.  They  may  be  of  the  small-scale  laboratory  size 


Fig  ure  2.  Feeder  for  Continuous 
Evaporator 


or  the  larger  size  used  in  industry.  The  essential  features  of  a 
laboratory-size  continuous  open  evaporator  are  described  in  the 
present  paper;  results  referring  to  a  vacuum  evaporator  will  form 
the  subject  matter  of  a  future  paper. 

Literature  on  the  subject  of  constant-level  feeders  for  con¬ 
tinuous  evaporators,  particularly  laboratory  or  pilot-plant  size, 
is  rather  scanty.  -A  device  for  maintaining  a  constant  level  during 
continuous  evaporation  in  the  determination  of  total  dissolved 
solids  in  water  recently  described  (15)  has  to  be  specially  made 
to  given  specifications,  and  so  does  not  permit  the  choice  of  mate¬ 
rials  ordinarily  available  in  a  laboratory. 


If  an  evaporating  basin  is  substituted  for  a  thermostatic  bath, 
the  arrangement  in  Figure  2  can  be  readily  understood.  If  a 
separatory  funnel  is  substituted  for  an  aspirator  bottle,  the  liquid 
to  be  evaporated  can  be  completely  drained,  especially  when  a 
measured  volume  of  liquid  is  placed  in  it.  In  order  to  accom¬ 
modate  the  arrangement  properly,  the  stem  of  the  separatory 
funnel  is  bent  as  shown,  and  drawn  out  to  a  narrow  tip  of  about 
3-mm.  diameter.  Air  bubbles  that  may  remain  in  the  stem  of 
the  separatory  funnel  may  be  expelled  by  pinching  a  rubber  tube 
temporarily  attached  at  the  tip. 

If  a  rubber  connection  is  undesirable,  H  and  I  may  be  joined 
by  fusion,  as  the  liquid  splashes  right  up  to  the  splash  head,  H. 
The  apparatus  is  simple  and  easily  constructed  and  can  give 
satisfactory  service  even  in  analytical  work. 
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Adsorption  Apparatus  without  Stopcocks  for  Use  with  Hydrocarbon  Gases 

C.  B.  WENDELL,  JR.(  G.  L.  Cabot,  Inc.,  Boston,  Mass. 


THE  development  of  the  Bcunauer,  Emmett,  and  Teller  low- 
temperature  adsorption  isotherm  method  for  determining 
the  surface  area  of  finely  divided  substances  (2-7)  has  led  to 
widespread  acceptance  and  use  of  this  procedure  in  many  labora¬ 
tories.  The  validity  of  the  method  has  been  further  established 
by  the  work  of  Harkins  and  Jura  (8,  9,  10),  whose  approach  to 
the  problem  involves  precision  calorimetry  and  makes  no  assump¬ 
tion  as  to  the  effective  cross-sectional  area  of  the  adsorbate. 
Their  measurements  yield  surface  area  values  in  excellent  agree¬ 
ment  with  those  of  the  Brunauer-Emmett-Teller  method. 

APPARATUS  FOR  INERT  GASES 

The  Brunauer-Emmett-Teller  method  has  been  used  in  the 
author’s  laboratory  for  the  past  five  years  for  determining  the 
surface  area  of  a  variety  of  fine  pigments.  During  this  period, 
an  apparatus  which  is  accurate  and  reasonably  foolproof  in  opera¬ 
tion  has  been  developed.  Figure  1  shows  the  apparatus  em¬ 


ployed  for  surface  area  measurements  using  nitrogen  as  the 
adsorbate. 

The  apparatus,  as  originally  constructed,  was  similar  to  that 
used  by  Benton  and  White  (1).  It  consists  of  a  constant-volume 
buret  with  two  internal  blue  glass  pointers  sealed  in  the  constant- 
volume  arm  at  suitable  points  to  provide  two  volume  figures,  one 
approximately  twice  the  other,  for  versatility  in  operation.  Con¬ 
ventional  mercury  reservoirs  are  used  to  control  the  mercury 
levels  in  buret  J  and  manometer  I. 

The  usual  120  °  three-way  stopcock  first  used  on  the  gas  buret 
was  unsatisfactory.  This  particular  design  of  stopcock  has  such 
a  short  distance  between  each  two  of  the  three  side  arms  that  it 
frequently  leaks  under  high  vacuum  conditions.  To  overcome 
this  difficulty,  stopcock  D  (fabricated  by  Eck  and  Krebs,  New 
York,  N.  Y.,  shown  in  detail  in  Figure  2)  wras  employed.  This 
cock  has  very  little  dead  space  in  the  bore,  yet  has  a  full  180°  be¬ 
tween  the  two  side  arms.  Figure  2  also  shows  a  special  adsorp¬ 
tion  cell,  C,  designed  to  reduce  operating  time  when  a  series  ol 
samples  of  the  same  density  is  to  be  measured.  Since  the  dead 
space  in  this  cell  remains  constant  as  long  as  samples  of  the  same 
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Figure  1.  Apparatus  for  Inert  Gases 

veight  and  density  are  used,  a  series  of  measurements  may  be 
nade  under  these  conditions  with  a  single  helium  dead  space 
:alibration.  A  considerable  gain  in  time  is  thus  effected  over  the 
;onventional  “seal  on  and  off”  type  of  cell.  The  ground  joint  is 
it  least  5  to  7.5  cm.  (2  to  3  inches)  from  the  surface  of  the  liquid 
litrogen  bath;  however,  conduction  by  the  glass  necessitates  a 
vater  jacket  on  the  female  member  of  the  joint  to  prevent  the 
rrease  from  freezing.  The  long  capillary  tube  on  the  lower  part 
)f  the  male  joint  member  effectively  reduces  dead  space  to  a 


ninimum. 


APPARATUS  FOR  HYDROCARBONS 

Some  months  ago,  it  was  decided  to  extend  adsorption  studies 
:o  a  number  of  hydrocarbon  gases.  Because  of  the  effect  of  these 
-  rases  on  stopcock  grease,  an  apparatus  with  no  stopcocks  in 

!  contact  with  the  adsorbate  gas  was  indicated.  Since  apparatus 
}f  this  type  described  in  the  literature  left  much  to  be  desired  for 
;he  author’s  purposes,  the  apparatus  pictured  in  Figure  3  was 
anally  designed  and  constructed.  Considerable  experience  has 
oeen  gained  with  this  apparatus  in  conjunction  with  a  study  of 
Ithe  heats  of  adsorption  of  various  gases  on  fine  pigments.  The 
results  will  be  discussed  in  a  forthcoming  paper. 

The  apparatus,  aside  from  the  usual  mercury  cutoffs  operated 
oy  reservoirs  K,  is  essentially  similar  to  that  shown  in  Figure  1 


except  for  the  unique  controls,  A  and  B.  These  controls  (shown 
in  detail  in  Figure  2)  were  developed  to  solve  the  problem  of  con¬ 
fining  a  volume  of  gas  in  buret  J  and  varying  its  volume  with  the 
buret  mercury  level  independent  of  the  levels  in  the  inlet  and  out¬ 
let  tubes.  By  making  use  of  Pyrex  hypodermic  syringes,  b,  and 
ground-glass  valves,  a,  positive  control  of  the  gas  is  obtained  with 
no  contact  of  the  gas  with  grease.  (Medical  Center  brand 
syringes  were  used,  manufactured  by  Becton,  Dickinson  and  Co., 
Rutherford,  N.  J.)  In  each  case,  the  piston  of  the  hypodermic 
syringe  is  connected  to  the  ground-glass  valve  by  means  of  glass 
toggle  joints,  c,  which  permit  enough  freedom  of  movement  in  the 
male  sections  of  the  ‘ground-glass  valves  so  that  the  valve  can  be 
tightly  seated  in  the  female  section.  The  syringes  proper  are 
greased,  but  since  mercury  from  the  reservoir  always  covers  the 
toggle-joint  connection,  no  contact  between  gas  and  grease  is 
permitted.  Thus,  the  valves  connected  to  the  syringe  pistons 
may  be  operated  manually,  preferably  by  thumbscrews  of  proper 
design.  The  valve  in  the  left-hand  arm  of  unit  B  is  of  the  simple 
floating  type. 

Operation  of  these  units  is  simple  and  positive.  With  all  mer¬ 
cury  levels  lowered,  the  entire  apparatus  is  evacuated  to  the  de¬ 
sired  working  pressure.  Buret  J  is  then  filled  with  gas  as  follows: 
The  right-hand  valve  of  B  being  closed  by  means  of  the  thumb¬ 
screw,  the  mercury  control  cock  of  B  reservoir  is  opened  to  the 
atmosphere.  This  places  a  pressure  of  about  660  mm.  on  both 
valves.  After  the  mercury  level  in  the  buret  is  raised  to  about  the 
center  of  the  U-tube,  J,  and  the  mercury  in  A  to  slightly  above 
the  higher  toggle  joint,  the  desired  quantity  of  gas  may  be  taken 
into  the  buret  from  either  the  helium  or  hydrocarbon  reservoir. 
The  mercury  level  in  unit  A  is  then  raised  to  point  L,  and  both 
valves  are  closed  tightly  by  means  of  the  thumbscrews.  Now  the 
pressure  on  the  gas  in  the  buret  may  be  varied  at  will  (between  0 
and  about  550  mm.)  with  no  resultant  change  in  the  mercury 
levels  of  A  and  B.  Hence  the  mercury  level  in  buret  J  may 
be  adjusted  to  touch  the  desired  pointer  and  the  pressure  read  off 
the  right  arm  of  the  buret  which  is  calibrated  in  millimeters. 

With  the  buret  filled,  the  transfer  of  known  amounts  of  gas 
from  buret  to  adsorption  cell  involves  manipulation  of  unit  B 
only.  After  raising  the  mercury  level  in  manometer  I  to  shut 
the  cell  unit  off  from  the  line,  the  control  stopcock  on  the  reservoir 
of  B  is  cautiously  cracked  to  suction  until  the  mercury  level  in  B 
proper  falls  to  slightly  below  the  bottom  of  the  floating  valve  in 
the  left  arm.  This  valve  is  now  open  but  the  right-hand  valve  is 
still  closed  by  the  pressure  maintained  on  it  by  the  thumbscrew. 
Manipulation  of  the  thumbscrew  will  now  admit  suitable  amounts 
of  gas  to  the  adsorption  cell.  To  close  control  B  in  order  to 
measure  the  volume  of  the  gas  remaining  in  the  buret,  the  control 


Table  1. 

Reproducibility  of  Results 

Pressure 

Difference  (Buret) 

Mm. 

Pressure  Reading 
(CeU) 

Mm. 

Calculated 
Cell  Volume 
Ml. 

T  =  22.8°  C. 

70 

152 

229.5 

96.8 

211.1 

318.3 

26.71 

26 . 60  Cell  I 
26.64 

T  •=  23.3°  C. 

64.3 

112.0 

169.3 

121  .'3 

212.0 

320.3 

19.51 

19.48  Cell  11 
19.48 

C3 

Figure  2.  Detail  of  Stopcock 
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cock  of  B  reservoir  is  again  opened  to  the  atmosphere,  the  rising 
mercury  forcing  all  of  the  gas  trapped  in  B  either  into  the  buret  or 
into  the  adsorption  cell  where  it  will  be  measured  in  either  case. 

The  reproducibility  of  results  obtained  with  this  apparatus  has 
been  found  to  be  fully  equal  to  that  of  the  apparatus  shown  in 
Figure  1,  and  is  well  within  1%,  as  illustrated  by  the  data  in 
Table  I,  which  were  taken  during  the  calibration  of  the  apparatus, 
using  two  cells  of  different  size.  The  agreement  of  the  data  shows 
clearly  how  accurately  the  transfer  of  small  amounts  of  gas  may 
be  accomplished  with  this  apparatus. 
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SUMMARY 

A  high-vacuum  apparatus  without  stopcocks  has  been  designed 
which  permits  efficient  handling  of  hydrocarbon  gases  in  adsorp¬ 


tion  work.  Positive  control  of  the  gases  has  been  achieved 
through  “mercury  stopcocks”  which  involve  simply  hypodermic 
syringes  and  ground-glass  valves. 
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Rapid  Qualitative  and  Quantitative  Determination  of  Barbiturates 

from  Postmortem  Specimens 

PAUL  VALOV,  Toxicological  Laboratory,  Los  Angeles  County  Coroner’s  Department,  Los  Angeles,  Calif. 


A  METHOD  is  described  for  the  separation  of  barbiturates 
from  postmortem  specimens  by  extraction  with  aqueous 
sodium  hydroxide.  Proteins  are  coagulated  with  sodium  tung¬ 
state  upon  acidification  with  sulfuric  acid  and,  following  filtration, 
the  filtrate  is  extracted  with  ether.  Evaporation  yields  the 
barbiturates  usually  in  crystalline  form  ready  for  qualitative 
and  quantitative  determination.  The  yield  is  complete.  The 
elapsed  time  required  is  90  minutes. 

The  prevalent  use  of  barbiturate  drugs  has  resulted  in  a  steady 
increase  in  the  number  of  postmortem  cases  in  which  barbiturate 
is  the  issue.  The  introduction  in  this  laboratory  of  the  method 
described  below  has  resulted  in  large  savings  in  time  and  reagents. 

PROCEDURE  FOR  EXTRACTION  OF  BARBITURATE  FROM  BLOOD  AND  ' 

VISCERA 

1.  Measure  60  ml.  of  blood  (or  minced  viscera),  410  ml.  of 
distilled  water,  and  10  ml.  of  10%  sodium  hydroxide  into  a  1-liter 
flask.  Shake  5  minutes. 

2.  Add  60  ml.  of  10%  sodium  tungstate.  Add  slowly  60  ml. 
of  0.67  N  sulfuric  acid  with  continuous  shaking,  and  acidify  with 
18  N  sulfuric  acid  until  acid  by  Universal  indicator  paper. 

3.  Filter  to  collect  450  ml.,  extract  with  an  equal  volume  of 
redistilled  ethyl  ether,  and  shake  5  minutes.  Separate  from 
the  water  phase  and  evaporate. 

The  relatively  large  volume  of  ether  prevents  emulsions,  which 
occasionally  occur  with  smaller  quantities  of  ether.  The  evapo¬ 
ration  is  normally  performed  in  distillation  equipment.  The 
ether  is  recovered  and  re-used  in  later  extractions.  This  pro¬ 
cedure  permits  the  attainment  of  lower  blanks. 

4.  Weigh,  deduct  blank,  and  calculate  milligrams  per  100 
grams. 

Determination  of  Blanks.  Add  250  mg.  of  phenobarbital  to 
60  grams  of  liver  and  extract  according  to  preceding  directions. 
The  average  recovery  is  253  mg.,  representing  the  barbiturate 
plus  blank.  Extract  in  the  same  way  60  grams  of  liver.  The 
average  residue  is  3  mg. 

The  established  average  of  foreign  matter  per  60  grams  of  liver 
may  be  subtracted  in  the  quantitative  determination  of  high 
positive  cases.  Low  positive  cases  call  for  a  colorimetric  quanti¬ 
tative  determination  of  barbiturate. 

5.  Identify  the  presence  of  barbiturate  by  the  customary 
Zwikker-Koppanyi  method. 

The  Rotondaro  ( 1 )  method  may  be  employed  for  final  puri¬ 
fication  of  the  residue,  in  which  case  the  color  effects  with  the 
Zwikker-Koppanyi  reagents  will  be  brighter.  This  is  not  neces¬ 
sary,  however,  as  the  presence  of  a  few  milligrams  of  barbiturate 
may  be  established  conclusively  without  Rotondaro  purification. 


DISCUSSION 

The  distinctive  feature  of  this  method  is  the  extraction  of  a 
small  quantity  of  tissue  with  sodium  hydroxide  which  brings  the 
barbiturate  directly  into  solution,  separating  it  simultaneously 
from  fats  and  oils.  The  coagulation  of  proteins  yields  a  clear 
solution,  substantially  purified,  so  that  the  final  ether  extraction 
is  rapid  and  complete.  The  final  residue,  is  usually  crystalline, 
ready  for  qualitative  and  quantitative  determination.  Melting 
points  can  also  be  established  after  sublimation.  Secanol  resi¬ 
dues  and,  sometimes,  nembutal  are  noncrystalline,  but  the  latter 
also  becomes  crystalline  after  evaporation  of  added  water.  In 
practice,  the  following  residual  quantities  of  ingested  barbiturates 
are  encountered:  for  secanol,  up  to  3  mg.  per  100  grams  of  liver; 
for  nembutal  (pentobarbital),  up  to  16  mg.,  and  for  phenobarbital, 
up  to  39  mg. 

Cases  are  very  rare  where  barbiturate  is  accompanied  by  other 
substances  extractable  by  ether  from  an  acid  medium  (such  as 
salicylic  acid,  sedormid,  or  acetophenetedin).  Since  therefore 
any  abnormal  weight  exceeding  40  mg.  of  ingested  barbiturate 
per  100  grams  of  tissue  would  attract  the  attention  of  the  toxicolo¬ 
gist,  it  could  not  be  overlooked,  and  would  indicate  inter¬ 
ference  of  the  above  type.  This  makes  the  method  practically 
specific  for  commonly  used  barbiturates. 

The  advantages  of  the  method  become  obvious  if  it  be  con¬ 
trasted  to  the  customary  method  employing  ethyl  alcohol.  Pri¬ 
marily,  in  order  to  ensure  recovery  from  low  positive  barbiturate 
cases,  large  quantities  of  tissue,  up  to  400  grams,  are  subjected 
to  four  alcohol  extractions,  followed  by  evaporation.  This  pro¬ 
cedure,  besides  being  cumbersome,  yields  a  gummy  paste,  formed 
by  heating  the  fatty  and  oily  components  of  human  tissue  which 
are  extracted  with  the  barbiturate.  Subsequent  water  and  ether 
extractions  yield  a  final  noncrystalline  residue  requiring  addi¬ 
tional  purification.  The  elapsed  time  required  is  from  2.5  to 
3  days.  Endeavors  to  reduce  the  time  by  working  with  smaller 
amounts  of  tissue  and  decreasing  the  number  of  consecutive 
alcohol  extractions  often  leads  to  failure  in  low  positive  cases. 
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Ly /ORK  at  this  laboratory  on  the  modification  of  gramicidin 
through  reaction  with  formaldehyde  (6)  required  a  simple 
l,nd  reliable  micromethod  for  the  determination  of  nitrogen  in 
his  antibiotic  and  in  certain  of  its  derivatives  and  components. 

Hotchkiss  and  Dubos  (3)  reported  that  the  Dumas  combustion 
nethod  was  unreliable  with  gramicidin  and  that  consistent  results 
rere  obtainable  with  the  Kjeldahl  method  only  when  the  sample 
pas  given  a  Friedrich  pretreatment  with  hydriodic  acid  prior  to 
he  usual  digestion  (9).  Other  workers  {2, 11)  have  also  used  the 
lydriodic  acid  reduction  method  for  the  determination  of  nitro¬ 
gen  in  gramicidin. 

The  need  for  the  hydriodic  acid  pretreatment  was  attributed 
3)  to  the  failure  of  the  Kjeldahl  method  to  show  more  than  88  to 
>5%  of  the  total  nitrogen  of  pure  tryptophan,  which  constitutes 
ip  to  40%  of  the  gramicidin  molecule.  Van  Slyke,  Hiller,  and 
Dillon  (12)  reported  that,  with  pure  tryptophan,  the  Kjeldahl 
nethod  gave  variable  results  averaging  about  90%  of  the  theo- 
•etical.  Since  the  experimental  work  for  the  present  paper  was 
completed,  Miller  and  Houghton  (3)  have  reported  92.8%  recov- 
:ry  of  nitrogen  from  tryptophan  solutions  with  a  digestion  time  of 
>  hours  and  97.7  to  100.7%  recovery  for  a  7-hour  digestion.  The 
aresence  of  half  of  the  nitrogen  of  tryptophan  in  the  indole  ring 
nay  explain  the  difficulty  experienced  in  obtaining  a  quantita- 
ive  yield  of  nitrogen  from  this  compound. 

Experience  with  the  Gunning-Arnold-Dyer  method  as  de¬ 
scribed  by  Clark  (1 )  led  the  authors  to  believe  that  the  nitrogen 
)f  tryptophan  could  be  completely  recovered  by  this  method  with¬ 
out  recourse  to  the  time-consuming  and  tedious  Friedrich  hydri¬ 
odic  acid  pretreatment.  This  paper  reports  a  comparison  of  the 
aitrogen  contents  of  several  samples  of  gramicidin  and  Z-trypto- 

phan  and  their  derivatives  as  determined  by  the  two  methods. 

' 

METHODS 

A  5-  to  7-mg.  sample  is  weighed  by  difference  into  a  30-ml. 
Kjeldahl  flask  and  digested  in  the  presence  of  a  5-  to  6-mm.  glass 
bead  with  1.5  ml.  of  concentrated  sulfuric  acid,  500  mg.  of  po¬ 
tassium  sulfate,  and  40  mg.  of  mercuric  oxide.  The  digestion  is 
carried  out  as  described  by  Clark  ( 1 )  for  the  Gunning-Arnold- 
Dyer  method  for  a  minimum  of  1  hour  or  until  the  digest  is  clear 
and  colorless  for  0.5  hour.  After  cooling,  a  drop  of  ethyl  alcohol 
is  added  and  the  mixture  is  again  heated  until  it  is  colorless.  The 
digests  must  be  boiled  vigorously  during  the  later  stages  of  the 
digestion;  otherwise  low  results  may  be  obtained.  (With  the 

(samples  described  in  this  paper  the  total  time  of  heating  was  usu¬ 
ally  80  to  85  minutes.)  Distillation  of  the  sample  is  carried  out 
according  to  Clark’s  method,  but  the  ammonia  is  received  in  5 
ml.  of  2%  w/v  boric  acid  containing  1%  v/v  of  the  mixed  indi¬ 
cator  of  Ma  and  Zuazaga  (7).  The  absorbed  ammonia  is  titrated 
with  0.01  N  hydrochloric  acid  in  a  final  volume  of  25  ±  2  ml. 
The  acid  is  st  andardized  by  the  determination  of  nitrogen  in  acet¬ 
anilide  (N.B.S.  standard  sample  141)  and/or  cystine  (N.B.S. 
Istandard  sample  143).  Blank  determinations  are  made  daily  and 
other  usual  precautions  are  taken. 

The  authors’  modification  of  the  Friedrich  method  varies  from 
that  described  by  Clark  (1)  in  the  same  particulars  as  does  their 
modification  of  the  Gunning-Arnold-Dyer  method  and,  in  addi¬ 
tion,  they  use  red  phosphorus  with  the  hydriodic  acid  as  pre- 
i  scribed  by  Pregl  and  Roth  (9) . 

DISCUSSION  OF  RESULTS 

Z-Tryptophan.  from  two  sources  was  analyzed  without  purifica- 
'  tion;  3,4,5,6-tetrahydro-4-carboline-5-carboxylic  acid  was  pre¬ 
pared  from  tryptophan  and  formaldehyde  according  to  the  direc¬ 
tions  of  Jacobs  and  Craig  (4).  The  remainder  of  the  samples  used 
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in  this  study  were  kindly  supplied  by  H.  S.  Olcott  and  co-workers 
of  this  laboratory,  who  will  report  on  their  preparation  and  sig¬ 
nificance  elsewhere.  All  results  have  been  corrected  for  moisture. 

The  percentages  of  nitrogen  found  by  the  Gunning-Arnold- 
Dyer  method  in  a  number  of  samples  of  gramicidin,  tryptophan, 
and  their  derivatives  are  compared  in  Table  I  with  those  found 
by  the  Friedrich  method.  These  data  show  that  there  was  no  sig¬ 
nificant  difference  between  the  results  obtained  by  simple  diges¬ 
tion  and  those  obtained  by  longer  pretreatment  for  any  of  the 
samples. 


Table  I.  Nitrogen  Analyses  of  Gramicidin  and  Tryptophan  and 
Their  Derivatives 


Gunning- 

Arnold-Dyer 

Friedrich 

Compound 

Digestion 

Digestion 

% 

N 

% 

N 

i-Tryptophan  (Merck),  13.5  to  13.8% 

13.6 

13.6 

13.6 

13.7 

i-Tryptophan  (Eastman  2025),  theory 
13.7% 

13.5 

13.6 

13.8 

13.8 

Af-acetyl  tryptophan,  theory  11.4% 

11.3 

11.4 

11.3 

11.4 

IV-benzovl  tryptophan,  theory  9.09% 
i-Tryptophan,  HCHO-treated“,  theory 
12.96% 

9.03 

9 . 05 

8.97 

8.98 

12.9 

12.9 

12.8 

12.8 

Gramicidin  (33%  tryptophan,  m.p.  208°  C.) 

14.2 

14.3 

14.2 

14.2 

Gramicidin  (37.5%  tryptophan,  m.p. 
225°  C.) 

14.5 

14.5 

14.4 

14.5 

14.5 

14.6 

Gramicidin,  HCHO-treated 

13.4 

13.4 

13.2 

HE  4 

Gramicidin,  HCHO-treated,  crystalline 

13.3 

13.4 

13.3 

13.3 

a  3,4,5,6-Tetrahydro-4-carboline-5-earboxylic  acid. 


The  recoveries  of  nitrogen  by  simple  digestion  from  Z-trypto- 
phan  and  its  acetyl  and  benzoyl  derivatives  were  between  98.5 
and  100%.  Very  slightly  higher  recoveries  of  nitrogen  in  trypto- 
phan  can  be  obtained  if  the  digestion  is  prolonged  30  minutes  over 
that  prescribed  by  Clark.  With  the  longer  digestion,  recoveries 
ranged  from  99  to  100%.  More  prolonged  digestion  was  without 
effect.  It  may  therefore  be  assumed  that  the  recovery  is  equally 
good  for  gramicidin,  since  Z-tryptophan  is  the  only  component  of 
this  material  that  has  been  reported  to  give  low  nitrogen  values. 

Nitrogen  in  the  carboline  ring  might  be  expected  to  be  resist¬ 
ant  to  oxidation.  However,  analysis  of  3,4,5,6-tetrahydro-4- 
carboline-5-carboxylic  acid  showed  a  nitrogen  recovery  of  99.5% 
by  the  simple  digestion. 

The  exact  nature  of  the  product  obtained  on  treatment  of 
gramicidin  with  formaldehyde  has  not  yet  been  established. 
However,  it  is  doubtful  that  the  nitrogen  occurs  in  a  linkage  dif¬ 
ferent  from  that  present  in  other  samples  used  in  this  study. 

The  complete  recovery  of  nitrogen  from  the  indole  ring  of 
tryptophan  is  in  accord  with  the  findings  of  Clark  ( 1 ),  Kaye  and 
Weiner  (5),  and  Shirley  and  Becker  (10),  who  demonstrated  the 
applicability  of  mercury  as  a  catalyst  to  similar  refractory  ni¬ 
trogen-containing  rings,  such  as  pyridine,  quinoline,  purine, 
pyrimidine,  thiazole,  and  pyrole.  Working  with  solid  samples 
the  authors  have  been  unable  to  confirm  the  results  of  Miller 
and  Houghton  (8),  who  recovered  only  92.8%  of  the  nitrogen  in 
tryptophan  solutions  after  a  2-hour  digestion  with  mercuric  ox¬ 
ide.  The  authors  found,  for  example,  92.7%  recovery  after  35 
minutes  of  total  digestion;  97%  after  55  minutes;  99.4%  after  85 
minutes  (regular  digestion) ;  and  100%  after  115  minutes. 


Micro-Kjeldahl  Determination  of  Nitrogen  in  Gramicidin  and  Tryptophan 

Comparison  of  Gunning-Arnold-Dyer  and  Friedrich  Methods 

LAWRENCE  M.  WHITE  AND  GERALDINE  E.  SECOR 
Western  Regional  Research  Laboratory,  U. 
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SUMMARY 

Mercuric  oxide  has  been  shown  to  be  a  suitable  catalyst  for  the 
microdetermination  of  nitrogen  in  tryptophan  (indole  and  amino 
nitrogen)  and  its  acetyl  and  benzoyl  derivatives.  By  its  use  the 
recovery  of  nitrogen  from  the  carboline  ring  is  complete.  With 
mercuric  oxide  as  a  catalyst,  nitrogen  may  be  determined  in 
gramicidin  and  in  the  gramicidin-formaldehyde  reaction  product 
without  the  customary  pretreatment  with  hydriodic  acid. 
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Method  for  Purifying  Beta-Picoline  and  a  Test  for  Purity 

GEORGE  RIETHOF  and  SIDNEY  G.  RICHARDS 
Pittsburgh  Coke  &  Chemical  Co.,  Pittsburgh,  Pa. 

AND 

SIDNEY  A.  SAVITT  and  DONALD  F.  OTHMER 
Polytechnic  Institute  of  Brooklyn,  Brooklyn,  N.  Y. 


BETA-PICOLINE,  an  important  raw  material  for  the  manu¬ 
facture  of  nicotinic  acid,  is  not  usually  available  in  purity 
higher  than  90  to  95%;  and  this  is  made  from  a  commercial  pico- 
line  fraction  containing  about  30%  /3-picoline.  The  boiling  point 
range  of  the  90  to  95%  material  is  143-5°  C.,  and  the  usual  im¬ 
purities  consist  of  y-picoline  and  2,6-lutidine.  Further  frac¬ 
tional  distillation  does  not  increase  the  purity,  since  the  boiling 
points  of  all  fall  in  a  very  narrow  range.  The  a-picoline  and  the 
other  lutidines  boil  at  temperatures  sufficiently  removed  to 
allow  separation  by  fractional  distillation. 

A  suitable  chemical  method  was  desired  which  would  allow 
quantitative  separation  of  y-picoline  and  2,6-lutidine  from  /3- 
picoline  and  qualitative  demonstration  of  even  very  small  traces 
of  these  impurities  in  a  given  sample  of  /3-picoline. 

y-Picoline  and  2,6-lutidine  may  be  converted  to  pyrophthalones 
( 1 ,  2).  /3-Picoline  does  not  react.  For  purifying  1000  grams"  of 
approximately  95%  /3-picoline,  250  grams  of  phthalic  anhydride 
and  250  grams  of  acetic  anhydride  are  boiled  together  under  re¬ 
flux  for  4  hours.  The  mixture  is  cooled  and  poured  into  5000  cc. 
of  distilled  water  and  then  made  strongly  alkaline  with  sodium 
hydroxide  solution  (concentrated)  added  slowly.  A  dark  brown 
precipitate  of  the  pyrophthalones  is  filtered  off.  When  the  fil¬ 
trate  is  distilled  an  azeotropic  mixture  of  /3-picoline  and  water 
comes  over  at  97°  C.  The  distillate  is  dried  with  solid  sodium 
hydroxide,  which  separates  two  layers:  picoline  above  the 
aqueous  sodium  hydroxide.  The  latter  is  drawn  off,  and  solid 
sodium  hydroxide,  is  added  again,  until  no  further  separation  into 
two  layers  is  effected. 

The  picoline  is  separated  from  the  solid  sodium  hydroxide  and 
distilled,  and  the  fraction  distilling  at  143-4°  C.  is  collected. 
The  entire  procedure  is  repeated,  starting  with  the  addition  of 
phthalic  and  acetic  anhydrides,  until  the  mixture  of  the  impure 
/3-picoline  and  the  two  anhydrides  give  no  yellow  color  on  heating. 
It  is  usually  necessary  to  repeat  this  three  times. 

TEST  FOR  PURITY 

One  hundred  grams  of  /3-picoline,  purified  as  above  until  no 
yellow  coloration  developed,  were  added  to  25  grams  of  phthalic 
anhydride  and  25  grams  of  acetic  anhydride.  Several  such 
mixtures  were  boiled  under  reflux  for  10  minutes  after  adding 
small  amounts,  down  to  0.008  gram,  of  substantially  pure  2,6- 
lutidine. 


taming  0.008  gram  of  2,6-lutidine  was  a  pale  yellow,  shoving  that 
as  little  as  0.01%  of  this  material  could  be  detected. 

The  same  results  were  obtained  when  the  procedure  was  re¬ 
peated  using  y-picoline  as  the  impurity. 

These  tests  using  varying  amounts  down  to  almost  infinitesimal 
traces  of  2,6-lutidine  and  y-picoline,  which  are  the  most  common 
impurities  of  /3-picoline,  show  conclusively  the  extreme  sensi¬ 
tivity  of  this  method  of  purifying  and  testing  /3-picoline.  Fur¬ 
thermore  they  show  that  /3-picoline  so  purified  is  substantially 
free  of  the  impurities  normally  associated  with  it. 


DISCUSSION 

The  phthalic  anhydride  reacts  with  the  methyl  groups  of  pico- 
lines  when  present  in  the  2  and  4  positions  to  give  yellow  pyro¬ 
phthalones,  but  no  reaction  occurs  with  the  picoline  having  a 
methyl  group  in  the  3  position.  The  condensation  takes  place  as 
follows: 
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With  the  2,6-lutidine,  the  condensation  reactions  may  be 
represented  as  follows: 
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The  yellow  coloration  developed  in  all  cases,  decreasing  in  With  a  large  excess  of  phthalic  anhydride  and  acetic  an- 

intensity  with  smaller  amounts  of  lutidine.  The  sample  con-  hydride,  both  methyl  groups  react  as  follows: 
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The  pyrophthalone  compounds  are  yellow  dyes,  the  properties 
>f  which  have  been  described  by  Hewitt  (1). 

This  formation  of  pyrophthalones  may  be  traced  to  the  pres¬ 
ence  of  4-picoline  or  2,6-lutidine,  or  both;  and  it  has  been  recog- 
lized  that  a  methyl  group  in  position  2,  4,  or  6  is  necessary  for 
ondensation  with  carbonyl  groups.  Two  hydrogen  atoms  from 
he  picoline  and  one  oxygen  atom  from  the  phthalic  anhydride  are 
|  released  to  form  water. 

However,  the  methyl  group  in  the  3  position  is  entirely  unre- 
ictive  and  therefore  no  color  develops.  The  /3-picoline  may  be 
;onsidered  absolutely  free  of  its  isomers  and  homologs  when  there 
I  s  no  appearance  of  color  following  this  treatment. 


Pure  /3-picoline  is  extremely  hydroscopic  and  precautions 
should  be  taken  to  keep  it  absolutely  dry. 

Slight  traces  of  any  of  the  usual  impurities  in  a  sample  of  /3- 
picoline  will  be  detected  by  the  appearance  of  yellow  color  on  re¬ 
fluxing  with  phthalic  anhydride  and  acetic  anhydride.  There¬ 
fore,  if  no  color  develops,  the  picoline  may  be  considered  free  of 
these  impurities.  The  sensitivity  of  the  method  and  long  color 
stability  allow  for  color  comparison  as  the  purification  procedure 
is  repeated;  and  it  is  possible  that  a  quantitative  colorimetric 
method  may  be  developed  for  particular  conditions,  such  as  the 
control  of  manufacture  or  use  where  the  same  impurities  are 
commonly  present  in  about  the  same  relative  amounts. 

This  method  serves  a  twofold  purpose — purification  of  /3-pico- 
line  and  qualitative  analysis  of  /3-picoline  for  its  common  impuri¬ 
ties. 

LITERATURE  CITED 

(1)  Hewitt,  “Synthetic  Coloring  Matters’’,  London,  Longmans, 

Green  and  Co.,  1922. 

(2)  Riethof,  George,  U.  S.  Patent,  application  pending. 


Modified  Gate  Valve  for  Control  of  Water  Flow 

G.  ROSS  ROBERTSON,  University  of  California,  Los  Angeles,  Calif. 


LABORATORY  workers  have  long  deplored  the  fact  that  a 
water  faucet,  adjusted  to  low  rate  of  flow,  often  shuts  oft 
the  stream  spontaneous!}7.  This  treacherous  habit  unfortunately 
is  a  special  failing  of  the  “compression”  valve,  a  device  conceded 


E 


to  be  the  most  satisfactory  faucet  yet  developed.  In  the  new  ar¬ 
rangement  shown  in  the  figure,  the  regular  compression  valve, 
CV,  with  washer,  is  retained  for  leakproof  on-and-off  service. 
Adjustment  to  low  rate  of  flow  is  delegated  to  a  second  device, 
the  modified  gate  valve,  GV. 


In  the  standard  commercial  gate  valve,  A,  a  brass  gate  nor¬ 
mally  rises  and  falls  across  the  water  stream  with  rotation  of  the 
left-hand-threaded  shaft  and  wheel  handle.  As  shown  in  the 
separate  view  of  the  gate,  E,  a  narrow  slot  is  cut  in  the  extreme 
edge  of  the  gate.  This  slot  permits  the  passage  of  a  small  but 
very  definite  and  constant  stream — for  example,  at  adjustment 
B.  The  stream  is  precisely  adjustable  between  values  fully 
double  that  at  B  down  to  position  D,  where  the  stream  is  reduced 
practically  to  zero  flow.  At  the  same  time  it  is  possible  to  open 
the  gate  to  full  flow  as  needed.  The  modified  gate  valve  thus 
has  a  much  wider  range  of  usefulness  than  a  needle  valve  which 
might  serve  at  position  GV  to  provide  a  small  stream. 

Since  it  is  unnecessary  and  undesirable  to  have  a  narrow  slot 
on  both  sides  of  the  gate,  the  lower  side  (as  of  gate  in  position  A) 
is  cleared  for  unrestricted  flow  with  a  wide  slot,  whose  operating 
position  is  seen  at  F,  which  merely  shows  the  opposite  threaded 
end  of  valve  A.  In  steady  service  of  one  kind  from  day  to  day— 
for  example,  to  a  reflux  condenser — little  or  no  adjustment  of  Gl 
is  required,  and  thus  undue  wear  is  obviated. 

Mechanical  Specifications.  A  standard  plumbers  brass 
gate  valve,  usually  3/s  or  l/4  inch  (“iron-pipe-size”)  is  selected, 
choice  being  based  on  maximum  width  of  the  annular  giound 
contact  surface  of  the  gate.  Such  maximum  width  permits  maxi¬ 
mum  length  of  slot  with  limit  shown  in  D.  The  slot  is  cut  with  a 
fine  jewelers’  saw;  a  blade  0.31  mm.  in  width  was  found  to  be 
satisfactory.  The  resulting  slot  is  of  suitable  width  for  use  with 
water  pressure  of  60  pounds  per  square  inch,  or  approximately  4 
kg  per  sq.  cm.  It  should  be  noted  that  the  opposite  and  sup¬ 
posedly  identical  contact  faces  of  a  gate  are  often  of  varying  an¬ 
nular  width,  or  overlap.  The  wider,  with  the  greater  oveilap,  is 
selected  for  the  narrow  slot,  B,  and  the  narrower,  also  cut  with 
the  saw,  for  F. 


Since  this  mechanical  alteration  requires  disassembling  of  the 
gate  valve,  inexperienced  workers  are  warned  that  nut  N  must 
not  be  opened  while  the  valve  is  closed,  lest  the  interior  mechanism 
be  sprung  and  the  valve  ruined.  Instead,  the  gate  is  first  screwed 
out  about  half  way.  The  valve  is  now  fastened  securely  in  a  vise, 
with  vise  jaws  pressing  upon  the  two  threaded  mouths  of  the  de¬ 
vice.  Nut  N  may  then  be  started  without  mechanical  damage, 
and  the  parts  separated  by  finger  contact  only. 


BOOK  REVIEWS 


Official  and  Tentative  Methods  of  Analysis.  6th  edition,  xii  +  932 

pages.  Association  of  Official  Agricultural  Chemists,  P.  O.  Box  540, 

Benjamin  Franklin  Station,  Washington,  D.  C.,  1945.  Price, 

$6.25. 

Ever  since  it  was  founded  in  1884  the  Association  of  Official  Agricul¬ 
tural  Chemists  has  devoted  itself  almost  exclusively  to  studies  in  the 
field  of  methodology.  Beginning  with  the  standardization  of  methods 
for  the  analysis  of  commercial  fertilizers,  the  scope  of  its  work  has 
expanded  continuously  to  meet  the  ever-increasing  needs  of  its  mem¬ 
bers  who  are  now  concerned  with  the  enforcement  of  laws  and  regula¬ 
tions  relating  to  commercial  fertilizers,  stock  feeds,  food,  drugs,  cos¬ 
metics,  insecticides,  fungicides,  caustic  poisons,  and  other  articles; 
or  who  are  engaged  in  research  in  these  and  related  fields. 

Each  succeeding  edition  of  the  association’s  text,  which  has  come  to 
be  known  by  the  short  title  “Methods  of  Analysis,  A.O.A.C.”,  repre¬ 
sents  the  elimination  of  obsolete  or  little-used  methods,  revisions  and 
improvements  of  other  methods,  and  the  addition  of  many  new  pro¬ 
cedures. 

The  6th  edition  is  notable  for  new  chapters  on  cosmetics,  gelatin, 
dessert  preparations  and  mixes,  enzymes,  and  extraneous  materials 
in  foods  and  drugs.  A  chapter  on  vitamins  assembles  under  one  head 
methods  for  vitamin  assays  previously  scattered  throughout  the  book 
under  other  titles.  A  mechanical  improvement  in  the  form  of  pres¬ 
entation  is  the  use  of  Arabic  numerals  to  designate  chapters,  with 
decimals  for  the  subheadings  therein.  A  special  effort  has  been  made 
to  have  the  “selected  references”  cited  at  the  end  of  each  chapter  show, 
as  far  as  possible,  the  original  work  upon  which  the  methods  are 
based. 

It  is  pertinent  to  note  that  these  methods  have  acquired  an  added 
significance  in  recent  years,  since  many  of  them  are  being  incorpo¬ 
rated  in  standards  for  food  products  promulgated  under  authority  of 
the  Federal  Food,  Drug  and  Cosmetic  Act.  This  gives  legal  status 
to  the  procedures  thus  cited. 

Laboratory  workers  in  this  country  who  are  engaged  in  official 
work  within  the  scope  of  the  association’s  activities,  and  who  com¬ 
prise  the  active  membership  of  the  association,  will  welcome  this  new 
edition  as  an  indispensable  laboratory  guide.  So  also  will  workers 
in  like  fields  in  foreign  countries,  among  whom  this  text  has  come 
to  have  wide  recognition  and  acceptance. 

E.  M.  Bailey 


Quantitative  Organic  Microanalysis.  Edited  by  Julius  Grants 
4th  English  ed.  Based  on  the  methods  of  Fritz  Pregl.  vii  +  238 
pages.  The  Blakiston  Co.,  1012  Walnut  St.,  Philadelphia,  Pa., 
1946.  Price,  $5.00. 

The  third  English  edition  of  Pregl’s  classical  book,  published  in 
1937,  was,  like  its  two  predecessors,  simply  a  literal  translation  of 
the  corresponding  German  edition.  It  was  evidently  felt  that  the 
Pregl  text  was  sacrosanct. 

Now  comes  Dr.  Grant,  with  what  is  stated  to  be  not  just  another 
and  better  translation,  but  rather  something  between  that  and  a 
new  and  original  treatise  on  organic  microanalysis. 

This  seems  to  the  reviewer  to  be  a  proper  development.  With  all 
the  great  respect  due  to  Pregl,  there  is  no  sense  in  continuing  to  pre¬ 
tend  that  he  wrote  the  last  word  in  organic  microanalysis.  The  fact 
that  he  wrote  the  first  words  is  sufficient  to  ensure  him  enduring  fame. 
It  is  to  be  hoped  that  the  next  author  to  build  upon  the  base  estab¬ 
lished  by  Pregl  will  be  even  more  emancipated  than  is  Dr.  Grant 
from  an  obligation  to  classicism. 

Indeed,  the  reviewer’s  only  real  criticism  of  Dr.  Grant’s  book  is 
that  he  did  not  give  nearly  enough  recognition  to  the  hundreds  who 
have  followed  Pregl.  There  was  a  time,  not  too  many  decades  ago, 
when  it  would  have  been  heresy  to  write  a  book  on  general  analytical 
chemistry  that  was  not  described  in  the  flyleaf  as  based  on  Fresenius. 
We  have  long  since  got  over  that;  and  yet  Fresenius’  fame  as  a 
pioneer  has  not  dimmed.  So  let  it  be  with  Pregl! 


The  book  under  review  has  only  238  pages  of  text  as  compared  with 
271  in  the  previous  edition.  Despite  this,  more  actual  text  is  pro¬ 
vided;  this  is  achieved  by  better  organization  of  material  and  by 
space  economies  in  make-up.  The  older  book  had  27  chapters;  the 
present,  seven:  Microchemical  Balances,  General  Microanalytical 
Technique,  Determinations  of  the  Elements,  Determinations  of  the 
General  Groups,  Determinations  of  the  Physical  Constants,  Mis¬ 
cellaneous  Physical  Methods,  and  Calculations  of  the  Results  of 
Microanalyses. 

The  author  has  made  a  real  attempt  to  discriminate  among  alter¬ 
native  methods,  giving  first  place  to  those  he  believes  to  be  the  best, 
even  though  they  originated  outside  the  Pregl  school.  But,  as 
stated  earlier,  the  reviewer  believes  that  this  policy  might  have  been 
pursued  even  more  vigorously. 

Specific  mention  should  be  made  of  Chapter  III,  wherein  the  sec¬ 
tions  of  the  determinations  of  the  metals  have  been  gratifyingly  ex¬ 
panded.  The  book  is  modernized  by  brief  mention,  in  Chapter  VI. 
of  the  new  techniques  of  electrometry,  polarography,  radioactive 
indicators,  and  ultraviolet  fluorescence  analysis.  This  is  all  to  the 
good,  as  far  as  it  goes;  but  it  is  hoped  that  the  next  edition  will  go 
much  further.  The  indexes  are  much  improved,  and  it  is  noted  that 
the  tables  of  gravimetric  factors  have  been  recalculated  to  take  ac¬ 
count  of  changes  in  atomic  weights. 

For  the  benefit  of  those  not  familiar  with  other  editions  of  Pregl, 
we  quote  from  Dr.  Grant’s  Preface:  “The  needs  of  the  beginner  in 
microanalysis  have  been  borne  prominently  in  mind,  although  a 
background  of  knowledge  of  ordinary  organic  analysis  is  assumed.” 

This  book  is  strongly  recommended  to  all  who  have  occasion  to 
practice,  teach,  or  study  quantitative  organic  microanalysis. 

B.  L.  Clabke 


CORRESPONDENCE 


Semimicrodetermination  of  Saponi¬ 
fication  Equivalent 

Sib:  Ketchum  (I)  ha^  devised  a  semimicromethod  for  the  deter¬ 
mination  of  the  saponification  number  (or  the  saponification  equiva¬ 
lent).  In  comparing  his  method  with  ours  (2)  he  states:  “The  pro¬ 
cedure  of  Marcali  and  Rieman  is  limited  to  compounds  which  are 
readily  soluble  in  alcohol  and  which  can  easily  be  saponified.” 

'  This  statement  is  not  correct,  as  is  proved  by  the  successful  appli¬ 
cation  of  our  method  to  eleven  oils  (2),  of  which  only  castor  oil  is 
readily  soluble  in  alcohol. 

LITERATURE  CITED 

(1)  Ketchum,  D.,  Ind.  Eng.  Chem.,  Anal.  Ed.,  18,  273  (1946) 

(2)  Marcali,  K.,  and  Rieman,  W.,  Ill,  Ibid.,  18,  144  (1946). 

Kalman  Mabcali 

Rutgers  University  William  Rieman  III 

New  Brunswick,  N.  .) 


Sib:  In  the  sentence,  “The  procedure  of  Marcali  and  Rieman  ( 3) 
is  limited  to  compounds  which  are  readily  soluble  in  alcohol.  .  .”,  the 
word  “readily”  was  employed  only  in  the  loose  sense  in  which  the 
word  is  often  used.  It  was  not  a  good  choice  of  word,  but  the  sen¬ 
tence  does  not  alter  the  main  theme  that  my  method  has  a  wider  ap¬ 
plication  than  theirs,  because  of  the  solubility  limitations  imposed  by 
their  method.  This  is  illustrated  by  the  fact  that  the  ketones  which 
were  successfully  analyzed  by  my  procedure  could  not  be  run  by  their 
method  because  of  the  solubility  limitations.  When  these  ketones 
were  mixed  with  only  twenty  times  their  weight  of  alcoholic  potash, 
they  would  not  open  the  ring. 

Donald  Ketchum 

Eastman  Kodak  Company 
Rochester.  N.  Y. 
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Infrared  spectroscopy  provides  a  valuable  tool  for  the  chemical 
characterization  of  technical  DDT,  including  detection  of  the  several 
isomers  and  impurities  and  quantitative  estimation  of  DDT  content. 
This  technique  has  been  applied  in  establishing  the  purity  of  com¬ 
mercial  samples  for  use  in  formulation  studies  and  in  determining  low 
concentrations  of  DDT  in  residues  and  dispersions. 

UTILIZATION  of  dichlorodiphenyltrichloroethane  (DDT) 
by  the  armed  forces  and  increasing  interest  in  potential 
postwar  agricultural  and  domestic  applications  have  focused 
attention  on  new  methods  for  the  identification  and  quantitative 
estimation  of  DDT.  Various  analytical  methods  have  been  de¬ 
vised  for  the  quantitative  determination  of  p,p'-DDT  together 
with  its  isomers.  Winter  (10),  Hall  et  al.  (5),  and  Fahey  (3)  have 
employed  methods  of  analysis  depending  upon  the  determination 
of  halogens  in  organic  compounds.  Neal  et  al.  (7)  and  Gunther 
(4)  have  described  methods  for  determining  DDT  based  upon  de- 
hydrohalogenation  with  alcoholic  alkali  and  determination  of  the 
resulting  HC1.  Colorimetric  methods  have  been  reported  by 
Schechter  et  al.  (8,  9)  and  Bailes  ( 1 ).  Cristol,  Hayes,  and  Haller 
(2)  have  described  a  method  for  the  determination  of  p,p'-DDT 
in  technical  DDT  by  recrystallization  from  saturated  solutions 
of  pure  p,p'-DDT  in  aqueous  ethanol. 

Such  methods  are  very  useful  but  there  is  still  a  recognized 
need  for  a  technique  which  will  identify  the  several  isomers  of 
DDT  and  avoid  complications  arising  when  DDT  is  associated 
with  other  chlorine-containing  compounds. 

The  term  DDT  is  employed  here  in  accordance  with  terminol¬ 
ogy  in  common  usage  in  current  literature  publications:  “The 
symbol  ‘DDT’  is  a  contraction  for  dichloro-diphenyl-trichloro- 
ethane,  the  generic  name  of  the  active  insecticidal  principle. 
Theoretically  there  are  forty-five  possible  dichlorodiphenyltri- 
chloroethanes.  However,  the  term  ‘DDT’  is  confined  to  the  prod¬ 
uct  obtained  on  condensation  of  chloral  (or  its  alcoholate  or  hy¬ 
drate)  with  chlorobenzene  in  the  presence  of  sulfuric  acid”  (6). 
When  referring  to  specific  isomers  of  DDT,  for  example,  p,p'- 
DDT  is  used  to  designate  l,l,l-trichloro-2,2-bis(p-chlorophenyl)- 
ethane  and  o,p'-DDT  for  l,l,l-trichloro-2-o-chlorophenyl-2-p- 
chlorophenylethane. 

In  this  laboratory,  absorption  spectroscopy  has  been  success¬ 
fully  applied  to  the  chemical  characterization  of  DDT  in  connec¬ 
tion  with  the  development  of  special  formulations  for  use  by  the 
armed  forces.  It  has  been  shown  that  infrared  spectroscopy 
provides  a  means  of  determining  both  the  purity  of  DDT  and 
the  presence  of  relative  proportions  of  the  isomers  and  impurities 
which  may  occur  along  with  p,p'-DDT. 

It  is  well  known  that  certain  chemical  structural  units  possess 
characteristic,  isolated,  infrared  absorption  frequencies.  By 
study  of  reference  samples  of  DDT  and  selected  isomers,  absorp¬ 
tion  bands  may  be  assigned  to  the  DDT  molecule  and  to  the  iso¬ 
mers  and  by-products  associated  with  commercial  DDT.  Criti¬ 
cal  examination  of  the  absorption  spectrum  makes  it  possible  to 


determine  qualitatively  the  purity  of  a  given  sample  of  DDT  and 
also  the  nature  of  the  impurities.  A  quantitative  analytical 
method  for  DDT  purity  and  concentration  may  be  devised  on 
this  basis.  Both  procedures  have  been  used  in  the  current  re¬ 
search  for  characterizing  commercial  DDT’s  and  for  estimating 
DDT  in  spray  compositions. 

APPARATUS 

The  infrared  spectrograph  used  in  this  work  was  built  in  1940 
in  the  physics  shops  of  the  University  of  Michigan  under  the 
supervision  of  H.  M.  Randall.  It  is  a  rock  salt  prism  spectrom¬ 
eter  of  conventional  optical  design,  using  a  15-cm.  rock  salt  prism 
and  an  off-axis  parabolic  mirror  of  1-meter  focal  length.  A 
record  of  per  cent  transmission  versus  wave  length  is  recorded 
directly  by  means  of  a  periscopic  beam-splitting  device  and  a  re¬ 
cording  potentiometer. 

The  spectrograph  is  calibrated  in  terms  of  wave  lengths  by 
running  the  spectra  of  standard  substances  such  as  ammonia 
(Figure  1),  carbon  dioxide,  and  water  vapor.  The  instrumental 
quality  permits  a  precision  in  measuring  wave  lengths  of  absorp¬ 
tion  bands  of  ±0.01  micron  or  better,  although  the  practical 
accuracy  in  assigning  wave  lengths  in  routine  work  is  usually 
not  greater  than  ±0.1  micron.  All  wave  lengths  except  those  in 
Figure  1  are  therefore  expressed  in  the  nearest  0. 1  micron. 

In  studying  DDT,  carbon  disulfide  was  used  as  the  solvent. 
Rock  salt  cells,  5  or  20  mils  thick,  were  used  to  hold  the  DDT 
solutions. 

The  volume  of  DDT  solution  prepared  was  usually  about  5.0 
ml.,  but  less  than  0.2  ml.  is  required  to  fill  the  absorption  cell. 
The  infrared  absorption  spectrum  can  be  obtained  from  as  little 
as  1  mg.  of  DDT  if  the  volume  of  the  solution  is  restricted  to  0.2 
ml. 

About  45  minutes  are  required  to  record  the  complete  spectrum 
over  the  range  1  to  15  microns.  If  only  the  range  7  to  12  microns 
is  examined,  a  record  can  be  made  in  about  10  minutes. 

SOURCE  OF  REFERENCE  COMPOUNDS 

Pure  p,p'-DDT  (m.p.  108.6-109.5°  C.  corrected).  U.  S. 
Public  Health  Service;  a  sample  purified  by  Merck  &  Co.  for  the 
Insect  Control  Committee  of  the  Office  of  Scientific  Research  and 
Development. 

o,p'-DDT  (m.p.  73-74°  C.).  Grasselli  Chemicals  Depart¬ 
ment,  E.  I.  du  Pont  de  Nemours  &  Company,  Cleveland,  Ohio. 

m,p'-DDT  (liquid  at  room  temperature).  Bureau  of  En¬ 
tomology  and  Plant  Quarantine,  U.  S.  Department  of  Agricul¬ 
ture,  Beltsville,  Md.;  a  sample  furnished  by  M.  S.  Newman, 
Ohio  State  University. 

1.1- Dichloro-2,2-bis(p-chlorophenyl)  ethylene  (m.p.  88- 

89°  C.  corrected).  Prepared  in  this  laboratory. 

Bis(p-chlorophenyl)sulfone  (m.p.  148-149°  C.  corrected). 
Prepared  in  this  laboratory. 

2,2,2  -  Trichloro  - 1  -  (o  -  chlorophenyl)  ethyl  -  p  -  chloroben- 
zenesulfonate  (m.p.  105-106°  C.).  Bureau  of  Entomology 
and  Plant  Quarantine,  U.  S.  Department  of  Agriculture,  Belts¬ 
ville,  Md.;  a  sample  from  P.  D.  Bartlett,  Harvard  University. 

1.1- DlCHLORO-2,2-BIs(p-CHLOROPHENYL)  ETHANE  (p,p'-DDD) 
(m.p.  108-109.5°  C.).  Bureau  of  Entomology  and  Plant  Quar¬ 
antine,  U.  S.  Department  of  Agriculture,  Beltsville,  Md.;  a 
sample  furnished  by  H.  S.  Mosher,  Pennsylvania  State  College. 

These  reference  compounds  were  studied  without  purifying  to 
constancy  of  infrared  spectrum. 
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Table  I.  Key  Infrared  Absorption  Bands  for  DDT  and  Related 

Materials 


•  Wave  Length, 

Figure  Compound  Microns 

1  p,p'-DDT  9.1,9.8,12.9 

2  n.p'-DDT  9.6,13.3 

3  m,p'-DDT  10.9 

4  l,l-Dichloro-2,2-bis(p-chlorophenyl)ethylene  10.2 

5  Bis(p-ehlorophenyl)sulfone  8.6 

6  2,2,2-Trichloro-l-(o-chlorophenyl)ethyl-p-chloro- 

benzenesulfonate  8.4,10.1 

1 1  p-Chlorophenyl  group  9 . 0,  9 . 1 

12  o-Chlorophenyl  group  9.4, 9.6 


SPECTROSCOPIC  STUDIES  OF  DDT  AND  RELATED  COMPOUNDS 

The  characterization  of  absorption  bands  by  assignment  to 
structural  units  frequently  occurring  in  commercial  DDT  was 
accomplished  by  the  study  of  a  group  of  reference  compounds 
structurally  related  to  DDT.  The  spectra  of  pure  p,p'-DDT, 
the  o,p'~  and  '-isomers,  and  by-products  encountered  in  com¬ 
mercial  DDT  are  discussed  in  the  following  sections.  A  sum¬ 


mary  tabulation  of  key  absorption  bands  for  each  compound  is 
given  in  Table  I.  t 

Pure  p,p'-DDT.  A  sample  of  l,l,l-trichloro-2,2-bis(p-chloro- 
phenyl)  ethane,  purified  by  recrystallization  by  Merck  and  Co. 
and  selected  by  the  Insect  Control  Committee  as  a  comparison 
standard  for  purity,  was  examined  spectrographically.  The  in¬ 
frared  absorption  curve  from  7  to  14.5  microns  is  shown  by  the 
tracing  of  the  original  record  in  Figure  1.  The  spectrum  of  the 
solvent,  carbon  disulfide,  and  the  position  of  the  ammonia  absorp¬ 
tion  bands  are  also  included  for  reference.  Intense  absorption 
bands  were  recorded  at  9.1  and  9.8  microns  which  were  later  found 
to  be  bands  common  to  the  DDT  isomers  and  impurities  contain¬ 
ing  a  p-chloro  substituted  phenyl  grouping.  The  bands  at  9. 1  and 
9.8  microns  were  assigned  to  the  p-chlorophenyl  groups  by  com¬ 
parison  with  p-chlorotoluene  (Figure  11).  A  third  intense  band 
at  12.9,  when  resolved  at  low  concentrations,  proved  to  be  a 
doublet. 

o,p  '-Isomer  of  DDT.  The  absorption  spectrum  of  1,1,1-tri- 
chloro-2-o-chlorophenyl-2-p-chlorophenylethane  is  shown  in 
Figure  2.  In  addition  to  strong  absorption  bands  at  9.1  and  9.8 
microns,  there  is  a  band  of  similar  intensity  at  9.6  which  is  not 
present  in  pure  p,p'-DDT.  This  band  is  assigned  to  the  o- 
chlorophenyl  group  by  comparison  with  o-chlorotoluene  (Figure 
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2).  A  strong  band  at  13.3  microns  also  characterizes  this  com- 
>ound. 

wi,p'-Isomer  of  DDT.  Strong  absorption  at  10.9  microns 
(as  the  outstanding  characteristic  of  l,l,l-trichloro-2-m-chloro- 
>henyl-2-p-chlorophenylethane  (Figure  3).  Major  absorption 
lands  for  the  p-chlorophenyl  group  occurred  at  9.1  and  9.8  mi- 
rons.  Bands  at  9.6  and  13.3  suggest  the  presence  of  some  ortho 
somer  as  an  impurity  in  this  sample. 

Ethylene  Analog  of  DDT.  One  of  the  more  probable  pred¬ 
icts  of  degradation  of  p,p'-DDT  is  the  dehydrohalogenation 
ompound,  l,l-dichloro-2,2-bis(p-chlorophenyl)ethylene.  The 
nfrared  absorption  spectrum  of  this  material  (Figure  4)  showed 
n  intense  band  at  10.2  microns  in  addition  to  the  bands  at  9.1 
md  9.8  microns. 

Commercial  By-products  of  DDT.  An  impurity  found  in 
ommercial  DDT  which  arises  as  a  by-product  in  the  manufac- 
uring  process  is  bis  (p-chlorophenyl)  sulfone.  The  infrared 
pectrum  of  this  material  (Figure  5)  showed  intense  bands  at 
.5  and  8.6  microns  and  an  absorption  band  of  lesser  intensity 
it  7.8  microns.  Minima  at  9.1  and  9.8  were  also  present. 

The  absorption  curve  of  2,2,2-trichloro-l-(o-chlorophenyl)- 
thyl-p-chlorobenzenesulfonate,  another  by-product  in  DDT 
manufacture,  showed  minima  at  9.1,  9.6,  and  9.8  microns 
Figure  6).  Other  absorption  bands  are  at  8.4  and  10.1  microns. 

The  spectrum  of  l,l-dichloro-2,2-bis(p-chlorophenyl)ethane 


(p,p'-DDD)  was  very  similar  to  that  of  pure  p,p'-DDT  except 
for  displacements  of  some  of  the  bands  (Figure  7). 

BASIS  FOR  ASSIGNMENTS 

The  designation  of  certain  strong  absorption  bands  as  key  ab¬ 
sorption  bands  for  the  compounds  involved  was  made  on  the  basis 
of  a  direct  comparison  of  the  spectra  of  the  compounds.  The 
assignment  of  the  band  at  9.1  microns  to  the  p-chlorophenyl 
group  and  the  band  at  9.6  microns  to  the  o-chlorophenyl  group 
is  based  solely  on  the  spectra  of  p-chlorotoluene  and  o-chlorotolu- 
ene.  Although  these  assignments  seem  reasonable  and  consist¬ 
ent,  they  are  tentative  and  should  be  restricted  to  the  DDT  sys¬ 
tem  and  not  applied  to  para  and  ortho  configurations  generally 
without  further  evidence. 

SENSITIVITY 

The  limiting  sensitivity  of  the  method  to  p-  and  o-chlorophenyl 
groups  is  about  0.5  mole  per  cent  under  the  conditions  used— 
namely,  1-gram  sample  in  5  cc.  of  carbon  bisulfide  in  a  5-mil  cell. 
If  higher  sensitivity  for  the  determination  of  o,p'-  or  p,p '-isomers 
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is  desired,  it  can  readily  be  attained  by  using  a  thicker  cell  or  by 
using  the  bands  at  12.9  and  13.3  microns. 

APPLICATIONS  OF  INFRARED  TECHNIQUE 

The  practical  value  of  the  infrared  absorption  method  for  the 
study  of  DDT  is  illustrated  by  several  applications. 

The  purity  of  laboratory  recrystallized  DDT  has  been  con¬ 
firmed  by  the  use  of  the  infrared  absorption  technique.  Com¬ 
parison  of  the  spectra  of  this  material  and  the  standard  DDT 
showed  by  the  absence  of  bands  at  9.6  and  13.3  microns  that  the 
recrystallized  material  was  free  of  o-isomer  (Figure  8). 

Two  commercial  DDT  samples  of  a  special  grade  from  the  same 
manufacturer  gave  melting  points  of  106-107  0  and  102.5-104.5  C. 
The  higher  melting  sample,  when  subjected  to  a  high-tem¬ 
perature  test  for  caking  tendency,  stood  up  under  these  conditions 
while  the  lower  melting  DDT  in  the  same  system  failed  com¬ 
pletely.  The  question  arose  as  to  whether  the  caking  tendency 
of  the  latter  was  due  to  residual  solvent,  the  presence  of  which 
was  indicated  by  strong  odor,  or  to  other  impurities  in  the  DDT. 


Spectrographic  examination  requiring  less  than  30  minutes 
showed  the  presence  of  the  o,p  '-isomer.  The  presence  of  the 
o,p'-isomer  in  the  low  melting  sample  (Figure  10)  is  shown  by 
definite  absorption  at  9.6  and  13.3  microns,  while  the  higher 
melting  sample  (Figure  9)  shows  only  trace  absorption  at  these 
wave  lengths. 

The  application  of  the  infrared  absorption  method  of  determin¬ 
ing  qualitatively  the  purity  of  DDT  was  further  demonstrated 
by  examination  of  a  group  of  commercially  available  DDT 
samples  discussed  in  the  following  section.  The  transmission 
curves  of  these  samples,  on  the  basis  of  the  absorption  bands  as¬ 
signed  to  the  isomers  and  by-products,  indicate  the  relative 
prominence  of  the  known  impurities. 

COMMERCIAL  DDT  SAMPLES 

As  an  illustration  of  the  applicability  of  the  method  in  assay¬ 
ing  the  purity  of  commercial  samples,  absorption  coefficients 
taken  from  the  recorded  spectra  of  a  number  of  commercial 
samples  are  tabulated  in  Table  II.  The  isomers  and  impurities 
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fable  II.  Absorption  Coefficients  for  Impurities  in  Commercial 
Samples  of  DDT 


o,p'-DDT 

2 ,2 , 2-Trichloro- 1  -  (o- 
ehlorophenyl)  ethy  I-p- 
chlorobenzenesulfonate, 

Bis(p- 

chloro- 

phenyl)- 

sulfone, 

Sample® 

9.6  13.3 

8.4 

8.6 

A 

0.15 

0.05 

0.06 

B 

0.17 

0.11 

0.01 

C 

0.15 

0.09 

0.01 

D 

0.01 

0.00 

0.00 

I 

0.14 

0.08 

0.02 

II 

0.14 

0.09 

0.02 

IIIA 

0.04 

0.03 

0.00 

IIIB 

0.03  0.20 

0.04 

0.00 

IV 

0.15 

0.09 

0.00 

V 

0.15 

0.07 

0.01 

VI 

0.06 

0.06 

0.12 

VII 

0.12 

0.06 

0.03 

VIII 

0.15 

0. 16 

0.02 

IX 

0.11 

0.09 

0.00 

X 

0.14 

0.07 

0.02 

XI 

0.13 

0. 18 

0.03 

a  From  various  manufacturers.  D,  IIIA,  and  IIIB  are  different  lots  of 
a  special  grade  from  one  producer;  A  and  VII,  B  and  V,  and  C  and  XI  rep¬ 
resent  pairs  from  three  different  producers. 


most  commonly  encountered  in  technical  DDT,  in  addition  to 
p,p'-DDT,  are  (1)  the  o,p-isomer,  (2)  bis(p-chlorophenyl)sulfone, 
and  (3)  2,2,2-trichloro-l-(o-chlorophenyl)ethyl-p-chlorobenzene- 
sulfonate,  with  a  trace  of  the  m,p'-isomer  in  some  samples. 

The  absorption  coefficient,  expressed  in  Table  II  as  log10  h/1 
where  Io  =  transmitted  radiation  at  zero  concentration  and  I  = 
transmitted  radiation  of  the  sample  at  the  given  wave  length,  is  a 
linear  measure  of  the  concentration  of  the  impurities  present  and 
may  be  calibrated  in  terms  of  mole  per  cent  by  studying  known 
mixtures. 

An  examination  of  these  data  shows  that  there  are  obvious 
differences,  apparent  from  a  qualitative  study  of  the  original 
records,  in  the  relative  concentrations  of  the  various  impurities 
in  the  several  samples.  For  example,  samples  D  and  IIIA  ap¬ 
pear  to  have  the  least  amounts  of  the  three  impurities  listed  above. 
Sample  XI  has  a  high  content  of  2,2,2-trichloro-l-(o-chloro- 
phenyl)ethyl-p-chlorobenzenesulfonate,  while  sample  VI  is  high 
in  bis(p-chlorophehyl)sulfone  content.  For  a  finer  distinction 
between  samples  low  in  o-isomer,  such  as  IIIA  and  IIIB,  the  band 
at  13.3  microns  was  used. 
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QUANTITATIVE  DETERMINATION  OF  DDT 

Infrared  absorption  provides  the  basis  for  an  analytical  proce¬ 
dure  for  determining  concentration  of  DDT,  which  has  the  follow¬ 
ing  advantages:  (a)  rapidity  of  analysis,  results  available  in  less 
than  30  minutes;  (b)  analysis  of  samples  too  small  for  gravi¬ 
metric  or  volumetric  methods;  (c)  preservation  of  sample. 

The  method  has  been  used  experimentally  in  this  research  in 
analyzing  dilute  aqueous  suspensions  of  DDT  used  in  tests  against 
insects.  The  suspensions  were  prepared  in  such  a  manner  that 
calculation  of  composition  was  not  possible;  the  infrared  method 
was  therefore  utilized.  A  quantity  of  suspension  sufficient  to 
yield  10  to  100  mg.  of  DDT  was  evaporated  to  dryness.  The  resi¬ 
due  was  dissolved  in  sufficient  carbon  bisulfide  to  give  a  solution 
containing  from  0.2  to  1.2%  DDT.  The  concentration  of  DDT 
in  the  carbon  bisulfide  was  determined  accurately  by  infrared 
absorption,  and  from  this  figure  the  concentration  of  DDT  in  the 
original  water  suspension  was  calculated.  It  is  necessary,  of 
course,  in  such  cases  to  prepare  a  standard  curve  of  transmission 
versus  concentration  by  which  transmission  of  the  unknown 
sample  can  be  related  to  its  concentration. 

The  same  procedure  can  be  used  to  analyze  spray  residues  re¬ 
covered  from  leaf  surfaces,  fruits,  etc.  Thus,  in  this  investiga¬ 
tion,  concentration  of  residual  spray  on  walls  has  been  deter¬ 
mined  by  washing  DDT  from  the  surface  and  analyzing  for  DDT 


spectroscopically.  In  such  cases  it  is  desirable  to  run  a  “blank” 
consisting  of  the  solvent  extract  of  unsprayed  surfaces  like  those 
being  examined  to  ensure  that  interfering  substances  are  not 
being  extracted  from  these  surfaces. 

In  carrying  out  these  analyses,  a  DDT  of  predetermined  com¬ 
position  was  used  and  its  treatment  and  exposure  were  such  that 
the  composition  was  not  altered.  The  only  object  was  to  learn 
the  amount  of  such  DDT  present  in  a  given  sample.  For  such 
work,  the  9.8-micron  band  was  used  and  only  the  transmission 
at  this  single  band  was  required  for  analysis  of  the  samples. 

A  more  complicated  situation  will  be  met  in  some  cases.  DDT 
of  unknown  history  or  material  subjected  to  conditions  possibly 
causing  chemical  change  may  be  submitted.  The  quantitative 
determination  of  such  materials  will  require  more  time  and  re¬ 
sults  will  be  less  accurate  than  in  the  simple  case  cited  above. 
It  is  necessary  first  to  obtain  the  infrared  absorption  spectrum 
of  the  sample  in  order  to  determine  whether  impurities — e.g., 
isomers,  by-products,  or  degradation  products — are  present. 
It  has  been  shown  previously  that  these  extraneous  materials 
have  characteristic  absorption  bands.  By  means  of  standard 
transmission  versus  concentration  curves  prepared  for  the  ex¬ 
traneous  materials,  their  concentration  in  a  particular  sample 
can  be  determined.  Likewise  the  total  concentration  of  material 
showing  absorption  at  9.8  microns  can  be  measured.  The  con¬ 
centration  of  p,p'-DDT  in  the  sample  can  be  determined  by  dif- 
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ference.  The  same  procedure  is  useful  for  determining  the  pro¬ 
portions  of  the  several  isomers  in  DDT.  By  use  of  standard 
curves  prepared  from  pure  samples  of  the  isomers,  the  concentra¬ 
tion  of  m,p'-DDT  or  o,p '-DDT  in  the  sample  can  be  measured. 
The  concentration  of  the  71, p '-isomer  will  then  be  calculated  by 
difference,  using  the  9.8-micron  band  for  determining  total  DDI 
in  the  sample. 

STATUS 

Although  methods  based  on  infrared  absorption  have  proved 
valuable  for  research  purposes  in  this  investigation,  their  develop¬ 
ment  has  not  been  carried  to  the  point  of  setting  up  detailed  pro¬ 
cedures  which  can  be  applied  directly  in  control.  It  is  believed 
that  the  basis  for  development  of  such  procedures  has  been  laid  by 
the  work  described  above. 
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A  volumetric  method  for  the  determination  of  potassium  in  sodium* 
potassium  alloys  is  described.  A  sample  of  the  alloy  is  obtained 
in  an  ampoule  in  such  a  way  that  contact  with  moisture  and  oxygen 
is  prevented.  The  sample  thus  obtained  is  reacted  with  absolute 
alcohol  under  neohexane  and  subsequently  titrated  with  standard 
acid.  Alloys  of  higher  than  92%  potassium  content  are  solid  at 
room  temperature  and  are  analyzed  by  means  of  their  freezing 
points.  An  equation  is  given  for  the  freezing  point  curve.  Accuracy 
of  =fe0.1%  potassium  is  readily  obtainable.  Liquid  alloys  can  be 
analyzed  in  less  than  1  hour  and  solid  alloys  in  about  5  minutes. 

IN  A  problem  involving  the  production  of  metallic  potassium, 
an  urgent  need  arose  for  a  method  of  determining  potassium 
when  alloyed  with  sodium,  which  could  be  used  for  routine  con¬ 
trol  analyses.  The  usual  gravimetric  methods  involving  the 
formation  of  the  chloroplatinate,  cobaltinitrite,  or  perchlorate 
were  investigated  and  found  sufficiently  accurate,  but  too  slow. 
These  methods  were  used  only  when  impurities  were  such  that 
the  volumetric  method  described  below  was  inapplicable. 

The  method  reported  here  was  designed  for  alloys  of  sodium 
and  potassium  with  little  or  no  impurities.  In  the  presence  of 
foreign  elements  results  are  vitiated  by  multiplied  errors  in  cal¬ 
culations.  The  alloys  analyzed  in  this  laboratory  contained  over 
99.9%  sodium  and  potassium. 

APPARATUS  AND  PROCEDURE 

The  most  difficult  part  of  an  alloy  analysis  of  this  type  is  ob¬ 
taining  a  clean,  oxide-free  sample  of  known  weight.  The  appara¬ 
tus  shown  in  Figure  1  was  developed  to  enable  a  weighed  sample 
of  clean  alloy  to  be  taken,  avoiding  contact  with  oxygen  or 
moisture. 

A  sample  (approximately  30  grams)  of  the  alloy  was  drawn 
into  the  sample  bulb  by  evacuating  through  the  stopcock  and 
drawing  the  alloy  from  the  original  container  into  the  sample 
bulb  through  a  glass  tube  fitted  with  a  ground  joint.  The  sample 
bulb  was  then  fitted  to  the  sampling  device,  which  was  clamped 
in  such  a  position  that  it  could  be  rotated  to  raise  either  end.  A 
weighed  thin  glass  ampoule  was  placed  in  the  sampler;  the 
system  was  evacuated  through  stopcock  A  and  filled  with  nitro¬ 
gen  through  stopcock  B.  The  nitrogen  was  purified  by  passing 
over  copper  turnings  maintained  at  425°  C.  and  a  drying  tube 
filled  with  Anhydrone.  The  sample  bulb  and  sampler  were 
warmed  with  a  flame  to  permit  free  flow  of  the  alloy.  The  ap¬ 
paratus  was  then  tipped  so  that  the  alloy  could  flow  from  the 
sample  bulb  into  the  capillary.  A  slight  vacuum  was  applied  to 
draw  the  desired  weight  of  sample  (approximately  1  gram)  into 
the  alloy  ampoule.  Nitrogen  was  admitted  to  force  the  excess 
alloy  out  of  the  capillary  back  into  the  sample  bulb.  The  sampler 
was  returned  to  the  horizontal  position  and  the  alloy  ampoule 
was  removed,  quickly  sealed  in  a  gas  flame,  then  cooled,  and 
weighed.  In  this  manner  an  accurate  weight  of  clean,  oxide-free 
alloy  was  obtained. 

The  weighed  ampoule  of  alloy  was  placed  in  a  32  X  300  mm. 
test  tube  and  covered  with  neohexane.  The  neohexane  used  was 
purified  by  washing  first  with  sulfuric  acid,  then  with  alkali, 
and  distilling  over  sodium.  The  ampoule  was  broken  with  a 
glass  rod  and  absolute  alcohol  added  dropwise  to  the  hexane, 
decomposing  the  sample.  The  alcohol  was  added  slowly  to  avoid 
loss  of  sample  by  entrainment  in  the  hydrogen  evolved.  The 
decomposition  tube  was  kept  in  a  water  bath  to  minimize  over¬ 
heating. 

When  the  sample  had  been  completely  decomposed  it  was 
washed  out  with  distilled  water  into  a  250-ml.  Erlenmeyer  flask 
and  titrated  with  1  N  hydrochloric  acid,  using  phenolphthalein 
as  indicator.  At  the  end  point  the  hexane  was  evaporated  on  a 
hot  plate  and  the  titration  continued  to  the  methyl  orange  end 
point.  The  use  of  phenolphthalein  reduces  danger  of  overstepping 
the  methyl  orange  end  point  and  speeds  the  titration. 


CALCULATIONS 

Calculations  were  made  in  the  following  manner: 

Let 

x  =  weight  of  potassium  in  sample  in  grams 

w  =  weight  of  sample  in  grams 

ME=  miffiequivalents  of  hydrochloric  acid 

ME/1000  =  z/39.1  +  (w  -  x)/23 

Solving  the  equation  for  x  gave 

x  =  2.43  w  —  0.0559  ME 

An  operator  with  a  little  practice  can  analyze  an  alloy  in  less 
than  an  hour  with  an  accuracy  of  =*=0.1%  potassium.  Consider¬ 
able  care  must  be  exercised  in  following  the  procedure  to  obtain 
this  precision.  The  most  frequent  errors  are  those  caused  by  im¬ 
pure  hexane,  oxide  film,  and  loss  of  sample  in  transferring.  Be¬ 
cause  of  the  hazardous  nature  of  the  materials  involved,  safety 
goggles  should  be  worn  at  all  times  during  sampling  and  decom¬ 
position  of  the  alloy. 

SOLID  ALLOYS 

Alloys  containing  more  than  92%  potassium  are  solid  at  room 
temperature;  therefore  a  rapid  and  convenient  method  of  de¬ 
termining  their  composition  is  by  their  freezing  points.  Since 
the  published  data  are  not  well  defined  in  this  region  (2,  8),  this 
part  of  the  freezing  point  curve  has  been  determined  at  this 
laboratory. 

Freezing  points  were  taken  directly  in  the  sample  bulb  (Figure 
1)  by  inserting  a  calibrated  thermometer  graduated  in  0.2°  C. 
The  alloy  was  warmed  until  liquid,  and  the  bulb  placed  in  a 
beaker  of  magnesia  and  allowed  to  cool  slowly.  The  first  thermal 
arrest  was  noted,  the  thermometer  removed,  and  the  sample 
analyzed  as  described  above.  When  per  cent  potassium  was 
plotted  against  temperature  of  the  freezing  point  a  straight  line 
was  obtained  in  the  region  from  92  to  100%  potassium  (by 
weight).  The  equation  of  this  fine  can  be  represented  by  the  re¬ 
lationship 

y  =  0.259  t  +  83.5 

where  y  is  weight  per  cent  potassium  and  t  is  the  corrected  tem¬ 
perature  in  degrees  Centigrade. 

The  freezing  point  method  of  analysis  is  not  readily  extendable 
to  alloys  below  92%  potassium  because  of  the  decreased  sharp¬ 
ness  of  the  first  thermal  arrest. 

The  freezing  point  of  pure  potassium  was  found  to  be  63.7°  C. 
This  value  is  1.2°  higher  than  the  usually  reported  value,  but  is 
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q  good  agreement  with  the  value  of  63.65°  reported  by  Edmond- 
on  and  Egerton  ( 1 ).  A  considerable  amount  of  potassium  has 
ieen  made  in  this  laboratory  which  analyzed  99.9  +  %  potas- 
ium  and  gave  a  corrected  freezing  point  of  63.7°  C. 

SUMMARY 

A  rapid  method  for  the  routine  analysis  of  alloys  of  sodium  and 
lotassium  is  presented.  Alloys  of  greater  than  92%  potassium 
:an  be  analyzed  in  less  than  5  minutes  while  those  under  92% 
ian  be  analyzed  in  less  than  an  hour.  With  the  exercise  of  rea- 
onable  care  results  should  be  accurate  to  within  =>=0.1%  potas- 
ium.  The  freezing  point  of  molten  potassium  has  been  deter- 
nined  as  63.7°  C. 


ACKNOWLEDGMENT 

The  authors  gratefully  acknowledge  the  services  of  C.  A.  Kraus 
of  Brown  University,  from  whose  original  work  this  method  was 
developed,  and  A.  Spencer  Lehmann  and  C.  R.  Witschonke  of 
Brown  University  and  later  this  laboratory,  who  contributed  by 
both  suggestions  and  much  of  the  work  on  the  production  of  the 
alloys. 

LITERATURE  CITED 

(1)  Edmondson  and  Egerton,  Proc.  Roy.  Soc.  London ,  A113,  520 

(1927). 

(2)  Kurnakow  and  Puschin,  Z.  anorg.  Chem.,  30,  111  (1902). 

(3)  Van  Bleiswijk,  H., Ibid.,  74,  155(1912). 


Determination  of  Ethylene  Chlorohydrin 

KARL  UHRIG,  Beacon  Research  Laboratory,  The  Texas  Company,  Beacon,  N.  Y. 


A  CONVENIENT  method  for  determining  ethylene  chloro¬ 
hydrin  in  binary  mixtures  is  the  refractometric  procedure 
is  proposed  by  Berry  (7)  and  by  GomHerg  (2).  This  method, 
lowever,  is  not  specific  for  ethylene  chlorohydrin  and  is,  there¬ 
fore,  unsuitable  in  certain  cases.  Other  methods  mentioned  in 
the  literature,  such  as  the  colorimetric  procedure  of  Sapadinsky 
[4)  or  one  mentioned  in  Berry’s  (I)  paper  without  reference  or 
details  and  involving  reflux  of  the  sample  with  silver  nitrate  in 
nitric  acid  solution,  were  found  too  unreliable.  Miller  and 
Denny  (£)  used  a  method  in  which  the  ethylene  chlorohydrin  is 
hydrolyzed  by  barium  hydroxide  on  standing  overnight,  and  the 
chlorine  in  the  resulting  barium  chloride  is  determined  as  an  indi¬ 
cation  of  the  ethylene  chlorohydrin  concentration. 

It  is  a  well-established  fact  that  ethylene  chlorohydrin  can  be 
easily  hydrolyzed  by  refluxing  with  caustic,  and  it  was  thought 
that  this  reaction  might  be  made  the  basis  of  a  more  specific  and 
reliable  method.  While  it  was  not  possible  to  make  the  caustic 
consumed  a  direct  measure  of  the  ethylene  chlorohydrin,  deter¬ 
mination  of  the  chloride  ion  of  the  alkali  chloride  which  is  formed 
proved  to  be  successful. 

APPARATUS  AND  REAGENTS 

Apparatus  required  includes  an  electric  (or  other)  hot  plate 
provided  with  a  rack  for  support  of  reflux  condensers,  reflux  con¬ 
densers  with  standard-taper  ground-glass  joints,  300-ml.  Erlen- 
meyer  flasks  with  standard-taper  ground  glass  joints  to  fit  the 
above  condensers,  a  50-ml.  buret,  and  assortments  of  volumetric 
flasks  and  pipets. 

The  reagents  are  5%  aqueous  potassium  hydroxide,  c.p.  nitric 
acid,  0.1  #  ammonium  thiocyanate,  0.1  N  silver  nitrate,  and 
ferric  ammonium  sulfate  indicator  (3.5  grams  of  ferric  ammonium 
sulfate,  10  ml.  of  water,  and  2  ml.  of  6  .V  nitric  acid). 

PROCEDURE 

From  3  to  5  grams  of  sample  are  weighed  accurately  into  a  100- 
ml.  volumetric  flask  and  diluted  with  water  to  100  ml.  From 
this  solution  aliquots  are  measured  into  300-ml.  Erlenmeyer 
flasks.  The  volume  of  the  aliquots  should  be  such  that  they  do 
not  contain  more  than  350  mg.  of  ethylene  chlorohydrin.  The 
aliquots  are  refluxed  with  50  ml.  of  5%  potassium  hydroxide 
solution  for  one  hour.  The  contents  of  the  Erlenmeyer  flasks  are 
then  cooled  to  room  temperature,  and  10  ml.  of  concentrated  nitric 
acid,  followed  by  50  ml.  of  0.1  N  silver  nitrate  solution,  are  added. 
After  addition  of -2  ml.  of  ferric  ammonium  sulfate  indicator,  the 
unreacted  silver  nitrate  is  titrated  with  ammonium  thiocyanate. 
The  reacted  silver  nitrate  is  a  measure  of  the  ethylene  chlorohy¬ 
drin  in  the  aliquot.  One  milliliter  of  0.1  N  silver  nitrate  is 
equivalent  to  8.05  mg.  of  ethylene  chlorohydrin.  A  blank  is  run 
on  50  ml.  of  5%  potassium  hydroxide  solution,  omitting  the  re¬ 
fluxing. 

If  the  sample  should  be  dissolved  in  a  nonaqueous,  water- 
insoluble  solvent,  the  sample  weight  should  be  such  that  not 
more  than  350  mg.  of  chlorohydrin  are  actually  present  and  the 
entire  sample  should  be  refluxed.  This  amount  of  ethylene  chlo¬ 


rohydrin  (350  mg.)  is  the  safe  maximum  amount  which  can  be 
determined  with  50  ml.  of  0.1  N  silver  nitrate. 

Solvents  and  jcompounds  which  contain  loosely  combined 
halogens  interfere  with  the  determination  of  chlorohydrin.  In 
case  any  of  these  compounds  are  present,  it  is  suggested  that  the 
chlorohydrin  be  extracted  with  two  equal  volumes  of  water  and 
be  determined  in  each  extract.  If  Xi  and  X2  represent  the  grams 
of  ethylene  chlorohydrin  found  in  the  respective  extracts,  the 
grams  of  ethylene  chlorohydrin  in  the  original  sample,  X,  can  be 
calculated  from 

x_  ■ 

Xt  -  X, 

Some  chlorinated  solvents  have  an  appreciable  solubility  in 
water.  Since  these  are  usually  highly  chlorinated,  even  a  rela¬ 
tively  low  solubility  may  introduce  considerable  errors.  Chloro¬ 
form  belongs  in  this  class.  In  such  instances  distillation  will 
probably  be  the  best  means  for  separating  ethylene  chlorohydrin 
from  the  interfering  substances. 

If  ethylene  chlorohydrin  is  to  be  determined  in  presence  of  in¬ 
organic  chlorides,  distillation  will  also  be  the  most  convenient 
means  for  separation.  Care  must  be  taken  that  sufficient  water 
be  present  or  be  added,  so  that  the  constant-boiling  mixture 
(42.5%  ethylene  chlorohydrin,  57.5%  water;  boiling  point  96°  C. 
at  760  mm.)  will  carry  over  the  ethylene  chlorohydrin  with  the 
first  portions  of  the  distillate. 

The  accuracy  and  reproducibility  of  the  method  described 
are  evidenced  by  Table  I,  which  shows  a  few  of  the  many  results 
obtained  on  aqueous  and  nonaqueous  solutions  of  ethylene  chloro¬ 
hydrin. 


Table  1.  Ethylene  Chlorohydrin 

Found,  Mg. 

Present,  Mg. 

Solvent 

26.4 

27.0 

Water 

59.5 

59.4 

Water 

117.3 

118.3 

Water 

177.7 

178.0 

Water 

235.5 

237.0 

Water 

357.8 

357.6 

Water 

196.3 

195.9 

Xylene 

322.5 

324.0 

Xylene 

355.9 

359.0 

Carbon  tetrachloride 

plus  xylene  1  to  1 
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Colorimetric  Determination  of  Local  Anesthetic  Compounds 

F.  J.  BANDELIN  AND  C.  R.  KEMP1,  Research  Laboratories,  Flint,  Eaton  and  Co.,  Decatur,  III, 


A  NUMBER  of  esters  of  p-aminobenzoic  acid  are  employed 
in  therapeutics  as  local  anesthetic  agents.  Since  these 
compounds  contain  a  diazotizable  aryl  amine  group,  the  authors 
have  adapted  the  Bratton  and  Marshall  method  (2)  of  deter¬ 
mining  sulfanilamide  derivatives  to  the  colorimetric  determina¬ 
tion  of  these  anesthetic  agents.  In  this  method,  the  primary  aryl 
amine  is  diazotized  and  coupled  with  N-(  1-naphthyl)  ethylenedi- 
amine  to  yield  a  colored  azo  dye.  Use  of  this  coupling  component 
results  in  a  simpler  and  more  sensitive  method  than  when  6- 
naphthol  is  employed  as  described  by  Willstadt  (7)  and  Eissner 
(3).  Although  the  method  is  not  specific  when  two  or  more  pri¬ 
mary  aryl  amines  are  present  as  a  mixture,  such  mixtures  are 
seldom  encountered  in  practice,  and  the  diazotization  procedure 
is  generally  more  specific  and  simpler  than  the  bromination 
methods  used  for  assay  of  local  anesthetic  agents  ( 1 ,  5,  6). 

The  official  U.S.P.  XII  drugs,  benzocaine,  procaine  hydrochlo¬ 
ride,  butacaine  sulfate,  and  butyl  aminobenzoate  were  chosen  for 
investigation,  although  other  local  anesthetic  agents,  such  as 
larocaine,  tutocaine,  monocaine,  and  panthesine  may  be  deter¬ 
mined  in  a  similar  manner.  Cocaine,  metycaine,  alypine,  sto¬ 
vaine,  diothane,  nupercaine,  and  phenacaine  do  not  yield  azo 
dyes  and  hence  do  not  interfere  in  the  determination.  Likewise, 
epinephrine  and  ephedrme,  which  are  often  used  in  conjunction 
with  local  anesthetic  agents,  do  not  interfere. 

REAGENTS 

Standard  solutions  of  anesthetic  compounds. 

0.001%  solutions  of  benzocaine,  procaine  hydrochloride, 
butyn  sulfate,  and  butesin  in  distilled  water  were  prepared  with 
the  aid  of  a  minimal  quantity  of  dilute  hydrochloric  acid  if 
necessary] 

10%  ammonium  hydroxide  solution. 

4  N  sulfuric  acid. 

Chloroform,  reagent  grade. 

All  other  reagents  necessary  were  prepared  according  to  the 
specifications  of  Bratton  and  Marshall  ( 2 )  with  the  exception 
of  ammonium  sulfamate  which  was  replaced  with  undenatured 
95%  per  cent  ethanol  as  recommended  by  Lee,  Hannay,  and 
Hand  (4).  ■ 

DEVELOPMENT  OF  COLOR 

Pipet  1,  2,  3,  4,  and  5  cc.  of  the  respective  standard  solutions  of 
the  anesthetic  compounds  into  50-cc.  volumetric  flasks  each  con¬ 
taining  5  cc.  of  4  N  sulfuric  acid.  Add  1  cc.  of  0.1%  sodium  ni¬ 
trite  solution  to  each  flask  and  allow  to  stand  3  minutes,  then  add 
5  cc.  of  95%  ethanol  and  allow  to  stand  for  2  minutes.  Add  1 
cc.  of  0.1%  N-(  1-naphthyl)  ethylenediamine  solution,  shaking 
after  each  addition,  and  make  up  to  volume  with  distilled  water. 
The  color  is  developed  rapidly  and  may  be  read  in  a  photoelectric 
colorimeter  after  several  minutes. 

PHOTOMETRIC  MEASUREMENTS 

Absorption  curves  with  a  single  peak  absorption  at  545  m^t, 
using  a  Coleman  Model  10-S  spectrophotometer,  were  noted. 

Per  cent  transmittances  of  the  solutions  were  determined  with 
an  electrophotometer  (Fisher  Electrophotometer,  Fisher  Scien¬ 
tific  Co.,  Pittsburgh,  Pa.),  using  a  filter  transmitting  at  525  npt 
and  plotted  against  concentration  on  semilog  paper.  A  plot  of  the 
per  cent  transmission  thus  obtained  resulted  in  a  smooth  curve 
which  was  essentially  a  straight  line  in  conformity  with  Beer’s 
law. 

AQUEOUS  AND  INJECTABLE  SOLUTIONS 

Dilute  the  solution  with  distilled  water  so  that  the  final  dilu¬ 
tion  contains  approximately  10  micrograms  of  p-aminobenzoic 
acid  ester  per  cc.  Use  a  5-cc.  aliquot  of  this  dilution  for  the  de¬ 
velopment  of  color.  Read  the  per  cent  transmittance  on  a  photo¬ 
electric  colorimeter  and  determine  the  concentration  from  the 
standard  curve. 

1  Present  address,  Department  of  Internal  Medicine,  University  Hospitals, 
State  University  of  Iowa,  Iowa  City,  Iowa. 


OINTMENTS 

Weigh  accurately  a  sample  of  ointment  calculated  to  contain 
approximately  0.1  gram  of  p-aminobenzoic  acid  ester.  Dissolve 
in  50  cc.  of  petroleum  ether  and  extract  with  five  10-cc.  portions 
of  1%  sulfuric  acid.  Filter  the  combined  acid  extracts  through 
a  moistened  filter  paper  into  a  100-cc.  volumetric  flask  and  add 
sufficient  distilled  water  through  the  filter  to  bring  the  volume  to 
100  cc.  Transfer  5  cc.  of  this  solution  to  a  500-cc.  volumetric 
flask  and  make  up  to  volume  with  distilled  water.  Use  a  5-cc. 
aliquot  of  this  dilution  for  the  development  of  color.  Read  the 
per  cent  transmittance  on  a  photoelectric  colorimeter  and  de¬ 
termine  the  concentrations  from  the  standard  curve. 

COMPRESSED  TABLETS 

Reduce  10  or  20  tablets,  whichever  is  most  convenient,  to  a 
fine  powder  by  grinding  in  a  mortar.  Accurately  weigh  a  portion 
of  this  powder  calculated  to  contain  approximately  0.1  gram  of 
the  p-aminobenzoic  acid  ester.  Suspend  or  dissolve  the  powder 
in  50  cc.  of  distilled  water  in  a  separatory  funnel,  make  slightly 
alkaline  with  10%  ammonium  hydroxide,  and  extract  with  five 
10-cc.  portions  of  chloroform.  Pass  the  combined  chloroform  ex¬ 
tractions  through  a  funnel  containing  a  small  pledget  of  cotton 
previously  moistened  with  chloroform  and  wash  the  funnel  and 
cotton  with  an  additional  10  cc.  of  chloroform.  Evaporate  the 
chloroform  on  a  water  bath  with  the  aid  of  a  gentle  air  blast 
impinged  on  the  surface  of  the  solution.  When  the  chloroform 
solution  has  reached  a  volume  of  5  cc.,  add  5  cc.  of  ethyl  alcohol 
and  evaporate  to  dryness  at  a  temperature  not  exceeding  50  °  C. 
To  the  dry  residue  add  5  cc.  of  alcohol  and  then  50  cc.  of  1% 
sulfuric  acid  and  warm  on  a  water  bath  to  50°  C.  Transfer  to  a 
100-cc.  volumetric  flask  with  the  aid  of  distilled  water  and  make 
up  to  volume  with  distilled  water.  Transfer  5  cc.  of  this  solution 
to  a  500-cc.  volumetric  flask  and  make  up  to  volume  with  distilled 
water.  Use  a  5-cc.  aliquot  of  this  dilution  for  the  development  of 
color.  Read  the  per  cent  transmittance  on  a  photoelectric  color¬ 
imeter  and  determine  the  concentration  from  the  standard  curve. 

BLOOD  AND  SPINAL  FLUID 

To  4  cc.  of  trichloroacetic  acid  in  a  15-cc.  centrifuge  tube,  add 
1  cc.  of  blood,  serum,  plasma,  or  spinal  fluid  dropwise,  shaking 
after  the  addition  of  each  drop.  Centrifuge  for  3  minutes  and 
transfer  1  cc.  of  the  clear,  supernatant  liquid  to  a  100-cc.  volu¬ 
metric  flask.  Make  up  to  volume  with  distilled  water  and  use  a 
5-cc.  aliquot  of  this  dilution  for  the  development  of  color.  Read 
the  per  cent  transmittance  on  a  photoelectric  colorimeter  and 
determine  the  concentration  from  the  standard  curve.  If  higher 
concentrations  are  expected,  other  suitable  dilutions  may  be  used. 

This  method  cannot  be  used  if  sulfonamides  are  present,  since 
they  will  interfere  by  giving  the  same  color  reaction. 

DISCUSSION 

The  color  produced  in  this  reaction  develops  rapidly  and 
reaches  its  full  intensity  in  from  1  to  2  minutes.  It  is  stable  for  at 
least  4  hours,  with  the  exception  of  butyn  sulfate,  in  which  case  it 
begins  to  fade  in  about  one  hour.  Exposure  of  the  colored  solu¬ 
tions  to  strong  light  should  be  avoided,  since  this  causes  fading. 

The  best  working  range  for  this  method  was  found  to  be  from 
10  to  50  micrograms  for  the  electrophotometer  used. 

A  number  of  determinations  carried  out  on  known  amounts  of 
the  compounds  investigated  indicate  that  a  maximum  error  of 
about  2%  may  be  expected  in  the  recommended  working  range. 

The  efficiency  of  the  method  for  pharmaceutical  preparations 
depends  upon  the  thoroughness  of  extraction  and  the  complexity 
of  the  mixture.  As  pointed  out  above,  diazotizable  aryl  amines 
interfere,  and  the  possibility  of  their  presence  in  complex  mixtures 
must  be  considered. 

SUMMARY 

A  rapid  colorimetric  method  for  the  determination  of  local 
anesthetics  of  the  p-aminobenzoic  acid  ester  type  consists  of 
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iiazotizing  the  amino  group  and  coupling  with  N-(  1-naphthyl)  - 
jthylenediamine  dihydrochloride.  Data  resulting  from  deter- 
ninations  of  procaine  hydrochloride,  benzocaine,  butyn  sulfate, 
md  butesin  indicate  a  maximum  error  within  2%. 

Procedures  for  the  determination  of  these  compounds  in  pure 
systems,  in  biological  fluid,  and  in  various  pharmaceutical  prepa¬ 
rations  are  given.  Aromatic  amino  compounds,  notably  sulfona- 
nides, interfere. 
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Molecular  Weight  and  Mercaptan  Content  of  Mixtures  of 

Primary  Mercaptans 

Gravimetric  Determination 

H.  A.  LAITINEN,  A.  S.  O'BRIEN1,  AND  J.  S.  NELSON,  W.  A.  Noyes  Chemical  Laboratory,  University  of  Illinois,  Urbana,  III. 


The  mercaptan  sulfur  content  of  a  mixture  of  primary  mercaptans  is 
determined  by  titration  with  silver  nitrate,  and  the  weight  of  silver 
mercaptide  formed  during  the  titration  is  determined.  From  these 
data  the  average  molecular  weight  of  the  mercaptans  and  the  per¬ 
centage  of  mercaptans  are  calculated.  The  percentage  of  non¬ 
mercaptan  material  is  found  by  difference. 


COMMERCIAL  mixtures  of  primary  mercaptans  may  con¬ 
tain  varying  amounts  of  alkyl  disulfides,  alkyl  halides, 
alcohols,  etc.,  as  impurities.  A  method  Was  desired  for  deter¬ 
mining  the  average  molecular  weight  of  the  mercaptan  fraction 
of  the  mixture,  rather  than  the  average  molecular  weight  of  the 
whole  mixture  as  would  be  determined  by  cryoscopic  measure- 
meqts.  The  percentage  of  nonmercaptan  material  is  often  of 
interest  in  following  the  fractionation  of  mixtures. 

Knowing  the  weight  of  silver  mercaptide  formed  from  a  known 
number  of  moles  of  mercaptan  (determined  by  silver  nitrate  ti¬ 
tration),  the  molecular  weight  of  the  mercaptan  fraction  can  be 
calculated. 

PROCEDURE 

Dissolve  an  accurately  weighed  sample  of  0.3  to  0.5  gram  of 
mercaptan  in  400  ml.  of  absolute  ethanol  in  a  600-ml.  beaker. 
Add  6  ml.  of  concentrated  ammonium  hydroxide,  and  titrate  with 
0.1  N  aqueous  silver  nitrate  to  an  amperometric  end  point  (J), 
adding  the  reagent  dropwise  with  efficient  stirring.  If  more  than 
0.1  ml.  of  reagent  in  excess  is  added,  it  is  advisable  to  back- 
titrate  with  a  very  dilute  solution  of  mercaptan  in  alcohol. 

After  allowing  the  precipitate  to  settle,  pour  the  clear  super¬ 
natant  liquid  through  a  weighed  fritted-glass  crucible.  Do  not 
transfer  any  precipitate.  Pour  the  suspension  of  precipitate  into 
centrifuge  tubes  and  centrifuge  at  high  speed  for  3  minutes. 
Wash  the  precipitate  quantitatively  into  the  centrifuge  tubes 
with  absolute  ethanol,  loosening  the  precipitate  with  the  aid  of  a 
rubber  policeman.  Stir  up  the  precipitate  in  the  centrifuge  tubes 
and  centrifuge  again.  Repeat  the  operation  of  adding  ethanol, 
stirring,  and  centrifuging  until  the  precipitate  has  been  washed 
three  times.  Transfer  the  precipitate  into  the  crucible  using  a 
minimum  quantity  of  ethanol  and  allow  to  drain. 

Dry  the  precipitate  for  2  hours  at  60°  to  70°  in  a  vacuum  oven 
and  weigh. 

CALCULATIONS 


M 


1000  w 

A  X  N 


106.9 


Per  cent  RSH 


A  XN  XM  1 
S  X  10 


1  Present  address,  Eastman  Kodak  Co.,  Rochester,  N.  Y. 


Per  cent  nonmercaptan  materials  =  100  —  per  cent  RSH 

where  M  =  average  molecular  weight  of  mercaptans  in  mixture 
W  =  weight  of  silver  mercaptide 
A  =  ml.  of  silver  nitrate  used 
N  =  normality  of  silver  nitrate 
<S  =  weight  of  sample 

DISCUSSION 

Because  of  the  difficulty  of  washing  the  precipitated  silver  mer- 
captides,  the  precipitation  is  carried  out  with  an  exactly  equiva¬ 
lent  amount  of  silver  nitrate.  The  amperometric  method  of 
Kolthoff  and  Harris  (1),  in  which  aqueous  silver  nitrate  is  added 
to  an  ammoniacal  alcoholic  solution  of  mercaptan,  was  found 
convenient.  The  potentiometric  method  of  Tamele  and  Ryland 
( 2 ),  using  alcoholic  silver  nitrate,  could  also  be  used.  An  acci¬ 
dental  excess  of  silver  can  easily  be  removed  by  adding  a  very 
dilute  alcoholic  solution  of  mercaptan  of  known  concentration. 

In  order  to  prevent  occlusion  of  mercaptan  with  the  silver  mer¬ 
captide  it  was  found  necessary  to  use  sufficient  alcohol  and  to 
titrate  with  silver  nitrate  of  such  concentration  that  the  final 
composition  of  the  solvents  was  95%  alcohol.  To  prevent  local 
excess  of  water,  the  silver  nitrate  should  be  added  slowly  with 
efficient  stirring.  The  use  of  alcoholic  silver  nitrate  (2)  might  be 
advantageous. 

Considerable  difficulty  was  encountered  in  filtering  the  silver 
mercaptide.  The  mercaptide  settled  readily,  leaving  a, clear 
supernatant  liquid,  but  the  precipitate  clogged  the  pores  of  the 
filter.  The  best  filtering  medium  found  was  a  fine  fritted-glass 
crucible  under  efficient  suction.  Since  washing  the  precipitate 
on  the  filter  was  too  slow  to  be  practical,  centrifuging  and  de¬ 
cantation  were  used. 

The  precipitate  was  found  to  decompose  when  dried  at  100  C., 
but  at  temperatures  up  to  70°  C.  no  change  in  weight  upon  pro¬ 
longed  heating  was  observed,  even  though  the  color  darkened 
•to  a  deep  orange.  Mercaptides  containing  an  excess  of  silver  ni¬ 
trate  were  less  stable  than  carefully  washed  samples. 

The  procedure  given  above  is  intended  for  mixtures  of  primary 
mercaptans.  When  applied  to  tertiary  mercaptan  mixtures,  two 
difficulties  were  encountered.  The  silver  mercaptides  of  mixed 
tertiary  mercaptans  were  found  to  be  soluble  in  alcoholic  solu¬ 
tion.  By  adding  enough  water  after  the  addition  of  silver  nitrate 
to  make  the  final  solution  75  to  85%  alcohol,  the  mercaptides 
were  precipitated.  However,  the  mercaptides  were  liquid  at  room 
temperature,  making  the  filtering  and  washing  operations  very 
difficult.  By  carrying  out  the  titration  at  0°  to  —15°  C.,  the 
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Table  I.  Molecular  Weight  of  Primary  Mercaptans 


Mercaptan  Sulfur 

Molecular  Weight 

Mercaptan 

Calcd. 

Found 

Calcd. 

Found 

RSH 

% 

% 

% 

CsHitSH 

21.91 

21.00 

146.3 

146.5 

96.0 

UioHaSH 

18.39 

18.15 

174.3 

175.2 

99.2 

Ci2H26SH 

15.84 

15.74 

202.4 

202.3 

99.3 

C14H29SH 

13.91 

13.80 

230.4 

232.8 

100.2 

Ci*.  IlijSH 

12.40 

12.35 

258.5 

260.5 

100.4 

mercaptides  were  precipitated  as  solids  which  could  be  filtered 
and  washed  (with  70%  alcohol)  without  centrifuging.  Unfortu¬ 
nately,  even  the  low-temperature  technique  did  not  permit  filtra¬ 
tion  without  centrifuging  when  applied  to  primary  mercaptans. 
The  accuracy  of  the  modified  method  for  tertiary  mercaptans  was 
not  established,  although  the  precision  was  comparable  to  that  of 
the  primary  mercaptan  method. 

ACCURACY  AND  PRECISION 

A  series  of  straight-chain  primary  mercaptans  containing  eight 
to  sixteen  carbon  atoms  per  molecule  was  analyzed.  The  mercap¬ 


tans  were  prepared  from  carefully  fractionated  alkyl  bromides 
which  were  obtained  from  alcohols  derived  from  fats.  The  sam¬ 
ples  were  believed  to  be  of  the  correct  molecular  weight,  but  it  was 
suspected  that  they  contained  small  amounts  of  nonmercaptan 
impurities. 

The  results  are  given  in  Table  I.  Each  result  is  the  average  of 
at  least  three  determinations. 

From  the  results  in  Table  I  it  is  concluded  that  the  method  yields 
the  correct  molecular  weight  to  an  accuracy  of  1  to  2  units  of  mo¬ 
lecular  weight  (0.5  to  1%). 

Duplicate  determinations  in  general  were  reproducible  to  ±1 
unit  of  molecular  weight. 
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Determination  of  Acid  in  the  Presence  of  Aluminum 

R.  P.  GRAHAM1,  Columbia  University,  New  York,  N.  Y. 


Of  the  methods  proposed  for  estimation  of  free  acid  in  aluminum 
salts,  probably  the  most  satisfactory  are  those  in  which  the  acid  is 
titrated  with  standard  alkali  after  conversion  of  the  aluminum  into  a 
stable  complex  ion.  From  the  Craig  procedure,  which  involves 
the  fluoride  complex,  an  accurate  method  has  been  developed  for 
the  determination  of  acid  in  solutions  in  which  the  concentration  of 
acid  is  high  with  respect  to  that  of  aluminum.  A  volumetric  method 
for  the  analysis  of  hydrous  alumina,  embodying  the  improved  pro¬ 
cedure,  is  described. 

LITERATURE  and  data  relative  to  the  determination  of 
acid  in  the  presence  of  aluminum  salts  have  been  in  exist¬ 
ence  for  nearly  a  hundred  years.  [References  to  much  of  the 
early  literature  on  the  subject  are  given  by  Beilstein  and  Gr osset 
( 1 ),  Ivanov  (10),  and  Kolthoff  and  Furman  (12).]  Because  of 
the  industrial  importance  of  aluminum  sulfate,  most  of  the  work 
has  been  devoted  to  the  study  of  methods  of  determining  free 
acid  in  samples  of  this  salt. 

The  direct  titration  of  the  free  acid  in  aluminum  sulfate  by 
means  of  standard  base  has  been  widely  advocated.  Indicators 
that  have  been  recommended  as  suitable  for  use  in  such  a  titra¬ 
tion  in  the  presence  of  the  salt  include  Congo  red  (21),  methyl 
orange  (alone,  2,  and  with  Martius  yellow,  19),  thymol  blue  (3), 
sodium  alizarin  sulfonate  (17),  and  the  coloring  matter  of  peonies 
(17).  Procedures  employing  differential  back-titrations  for 
the  determination  of  both  aluminum  and  free  acid  in  aluminum 
sulfate  have  also  been  suggested  (2,  6).  In  some  of  the  methods 
the  use  of  titration  reference  standards  containing  pure  alumi¬ 
num  sulfate  at  the  appropriate  concentration  is  recommended; 
such  a  procedure  should  be  regarded  as  essential  because  the  pH 
of  a  solution  of  a  pine  aluminum  salt  is  dependent  on  the  concen¬ 
tration  (and  on  the  temperature  and  on  the  nature  of  the  anion) . 
The  outstanding  disadvantage  of  methods  involving  a  titration 
in  the  presence  of  the  aluminum  salt  is  that,  because  of  hydrolysis 
of  the  aluminum  ion,  the  indicator  does  not  undergo  a  sharp 
color  change. 

Other  procedures,  in  which  the  aluminum  is  precipitated  before 
the  titration  of  the  free  acid,  have  been  proposed.  In  particular, 
methods  based  on  the  insolubility  of  ammonium  alum  in  ethyl 
alcohol  (1,  11)  and  on  the  precipitation  of  aluminum  by  potas- 

1  Present  address,  McMaster  University,  Hamilton,  Ontario,  Canada. 


sium  ferrocyanide  (10,  25)  have  been  recommended.  In  some  ®f 
these  procedures  the  acid  is  titrated  in  the  presence  of  the  pre¬ 
cipitated  aluminum ;  in  others  the  precipitate  is  first  removed  by 
filtration.  The  precipitation  methods  are  troublesome  and 
rather  inaccurate. 

Certain  other  methods  that  have  been  studied  (13,  14,  15,  23) 
are,  like  the  foregoing  ones,  subject  to  criticism  on  one  ground  or 
another. 

The  most  satisfactory  methods  for  this  determination,  and 
the  ones  that  have  wide  applicability  to  aluminum  salts  in  general, 
achieve  removal  of  the  interference  of  aluminum  by  combining 
it  in  the  form  of  a  complex  ion.  The  free  acid  may  then  be  deter¬ 
mined  by  titration  with  standard  alkali ;  the  iodometric  method 
has  also  been  proposed  (8).  Complexes  that  have  been  suggested 
as  sufficiently  stable  to  prevent  significant  hydrolysis  of  the  alu¬ 
minum  ion  are  those  formed  with  oxalate  (8,  9)  and  fluoride  ions 
[a  method  has  been  investigated  (24)  that  depends  on  the  pre¬ 
vention,  by  the  use  of  the  citrate  complex,  of  one  third  of  the 
hydrolysis  normally  arising  from  aluminum  on  titration  with 
hydroxide  ].  The  technique  involving  the  formation  of  a  fluoride 
complex  is  recommended  by,  among  others,  Scott  (18),  Rosin 
(16),  and  Thorpe  (22). 

The  fluoride  method  for  the  determination  of  free  acid  was 
probably  first  proposed  by  Craig  (5).  The  aluminum  salt  is  dis¬ 
solved  in  water,  potassium  (5,  18),  or  sodium  fluoride  (16,  22) 
solution  (previously  adjusted  to  be  neutral  to  phenolphthalein), 
is  added  in  sufficient  excess  to  convert  the  aluminum  into  the 
hexafluoaluminate  complex,  and  the  free  acid  is  then  titrated  by 
means  of  standard  alkali  to  a  phenolphthalein  end  point.  Bromo- 
thymol  blue  has  also  been  used  (7)  as  an  indicator  in  connection 
with  the  fluoride  method.  A  method  for  the  simultaneous  deter¬ 
mination  of  free  acid  and  aluminum  ion,  making  use  of  the  fluo¬ 
ride  complex,  has  been  proposed  recently  (20). 

MODIFICATION  OF  FLUORIDE  METHOD 

In  the  course  of  a  study  of  the  reactivity  of  hydrous  alumina 
toward  acids,  it  was  necessary  to  determine  the  decrease  in  the 
normality  of  a  number  of  acid  solutions  that  had  been  in  contact 
with  hydrous  alumina  for  various  periods  of  time.  The  alumi¬ 
num  concentration  of  the  solutions  to  be  analyzed  varied  from 
0  to  a  maximum  value  of  approximately  0.03  M,  whereas  the  acid 
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Table  I.  Accuracy  of  Conventional”1 2  Fluoride  Method 


Concn.  of 
Al  +  +  +, 
Moles/Liter 
X  10* 


ConcnN  of  F  , 

Moles/Liter  Molar  ratio,  Titer  of  HC1 

X  10*  F-/A1  +  +  +  ( =*=0.0001  A0 


Recovery 
of  Acid 
(±0.1%) 


42  12.5  30  0.0939  98.0 
83  25  30  0.0936  97.7 
100  -  30  30  0.0921  96.1 


a  “Conventional”  means  a  method  in  which  the  fluoride  is  added  before 
he  start  of  the  titration.  Details  of  such  a  method — e.g.,  concentration  of 
>ase  employed  for  the  titration — vary  from  one  worker  to  another  ( 5,16,18  ) 


Table 

II.  Accuracy  of  Improved  Fluoride 

Method 

Concn.  of 
Al  +  +  +, 
Moles /Liter 

Molar 

Ratio, 

Extent  of 
Neutralization 
When  KF  Added 

Titer  of  HC1 

Recovery  of 

X  10‘ 

F-/A1  +  + 

+  (±0.1%) 

( ±0.0001  N) 

Acid  (±0.1%) 

111 

30 

97.0 

0.0947 

98.9 

111 

30 

98.5 

0.0953 

99.5 

111 

30 

99.5 

0.0959 

100.1 

67 

60 

99.5 

0 . 0959 

100.1 

67 

30 

99.5 

0.0958 

100.0 

67 

15 

99.5 

0.0959 

100.1 

concentration,  in  general,  ranged  from  initial  values  of  0.2  or 
3.1  K  to  normalities  little  more  than  half  of  these  figures.  Thus, 
although  qualitatively  the  problem  was  similar  to  that  of  deter¬ 
mining  free  acid  in  aluminum  salts,  the  concentration  ratios  of 
acid  to  aluminum  encountered  in  this  work  were  relatively  high. 

Experiments  using  sulfuric,  hydrochloric,  nitric,  or  oxalic  acid, 
together  with  dissolved  aluminum  chloride,  showed  that  the  con¬ 
ventional  fluoride  method  (in  which  the  fluoride  is  added  before 
the  alkalimetric  titration)  is  not  quantitatively  accurate  when  the 
concentration  of  acid  is  high  with  respect  to  that  of  aluminum. 
For  example,  with  an  acid  concentration  of  0.07  N ,  an  aluminum 
concentration  of  5.6  X  10“ 3  M,  and  a. potassium  fluoride  concen¬ 
tration  of  1.7  X  10“ 1  M,  the  acid  recovery  was  found  with  these 
acids  to  vary  from  97.6  to  98.6%.  The  data  in  Table  I  further 
illustrate  the  degree  of  inaccuracy  encountered.  (The  mole  ratio 
of  acid  to  aluminum  in  these  experiments  was  several  hundred 
times  that  encountered  in  aluminum  salts  where  the  mole  ratio 
of  free  acid  to  aluminum  may  be  of  the  order  of  0.01.) 

The  solutions  used  in  these  titrations  were  prepared  by  adding 
to  20.00  ml.  of  standard  hydrochloric  acid  solution  sufficient 
aluminum  chloride  hexahydrate  (recrystallized  from  an  analyzed 
grade  salt)  and  1  M  potassium  fluoride  solution  (previously  ad¬ 
justed  so  as  to  give  a  very  faint  pink  shade  in  the  presence  of 
phenolphthalein — i.e.,  neutral  to  phenolphthalein — and  then 
stored  in  a  wax-fined  bottle)  to  give  the  concentrations  noted  in 
the  table.  The  solutions  were  titrated  in  a  paraffined  beaker  by 
means  of  standard  0.1  AT  sodium  hydroxide  solution  to  a  phenol- 
phthalein  end  point.  The  indicator  blanks  on  water,  potassium 
fluoridfe,  and  aluminum  chloride  plus  potassium  fluoride  were 
identical.  The  concentration  of  hydrochloric  acid  in  the  20.00- 
ml.  sample  (determined  in  both  the  absence  and  presence  of  po¬ 
tassium  fluoride)  was  0.0958  =*=  0.0001  N. 

Although  the  molar  ratio  F_/A1+++  was  constant  in  these  ex¬ 
periments,  the  percentage  of  acid  recovered  decreased  with  in¬ 
creasing  concentration  of  aluminum.  This  effect  is  very  possibly 
due  to  increased  occlusion  of  acid  by  the  larger  amount  of  alkali 
fluoaluminate  precipitate  at  the  higher  aluminum  concentrations. 
That  the  percentage  recovery  of  acid  is  also  a  function  of  the 
molar  ratio  F~/A1+++  was  shown  in  a  series  of  similar  experi¬ 
ments;  with  this  ratio  varying  from  7  to  30,  and  with  the  con¬ 
centration  of  aluminum  0.01  M,  the  recovery  varied  from  99.1  to 
96.1%. 

If  the  low  values  obtained  for  acid  in  the  presence  of  aluminum 
are  due  to  losses  by  occlusion,  this  effect  should  be  greatly  lessened 
by  adding  the  potassium  fluoride,  not  at  the  beginning  of  the  ti¬ 
tration,  but  at  a  stage  corresponding  to  almost  complete  neu¬ 
tralization  of  the  acid.  This  modification  of  the  method  leads 
to  accurate  determinations  of  free  acid  in  the  presence  of  alumi¬ 
num,  as  shown  by  the  data  in  Table  II. 


At  least  with  the  concentrations  used  in  the  above  experiments, 
the  efficiency  of  the  acid  recovery  is  independent  of  the  molar 
ratio  F_/A1+++  when  the  potassium  fluoride  is  added  at  a  stage 
of  the  titration  corresponding  to  99.5%  neutralization.  (A 
minimum  molar  ratio  of  6  is,  of  course,  necessary  to  convert  the 
aluminum  ion  to  A1F 6  .) 

Other  experiments — for  example,  with  oxalic  acid  and  alumi¬ 
num  chloride — have  confirmed  the  above  finding  that  quantita¬ 
tive  determinations  of  the  acid  may  be  carried  out  in  the  presence 
of  aluminum,  if  addition  of  the  potassium  fluoride  solution  is  de¬ 
layed  until  neutralization  is  within  a  few  tenths  of  1%  of  com¬ 
pletion. 

In  practice,  one  or  two  trial  determinations  will  be  necessary 
in  order  to  ascertain  the  point  at  which  the  neutral  potassium 
fluoride  solution  should  be  added.  The  writer  has  found  it  con¬ 
venient  to  add  the  potassium  fluoride  at  the  start  of  the  first  trial 
titration  (titrations  are  carried  out  in  paraffin-lined  beakers),  and 
from  the  value  obtained  for  the  acid  titer,  tentatively  assuming  it 
to  represent  98%  of  the  true  titer,  to  calculate  the  volume  of  al¬ 
kali  corresponding  to  99.5%  neutralization.  The  potassium 
fluoride  is  added  after  the  addition  of  this  volume  of  alkali  in  the 
titration  of  the  second  aliquot,  and  if  the  end  point  is  not  ob¬ 
tained  within  0.5%  of  this  value,  the  potassium  fluoride  point  of 
addition  is  further  adjusted  before  titrating  remaining  aliquot 
samples. 

VOLUMETRIC  ANALYSIS  OF  HYDROUS  ALUMINA 


When  hydrous  alumina  is  prepared  by  precipitation  from  an 
aluminum  salt,  it  is  normally  contaminated  with  the  anion  of  the 
salt  used.  No  such  anion,  however,  is  present  in  aluminas  pre¬ 
pared  by  the  interaction  of  amalgamated  aluminum  metal  with 
distilled  water.  If  a  weighed  quantity  of  such  a  pure  hydrous 
alumina  is  dissolved  in  an  excess  of  standard  acid,  and  the  excess 
determined  using  the  fluoride  method  to  eliminate  the  interfer¬ 
ence  of  the  aluminum,  then  the  equivalents  of  aluminum  present 
are  given  by  the  equivalents  of  acid  neutralized.  [For  volumetric 
methods  for  aluminum,  making  use  of  the  fluoride  complex,  see 
Snyder  (20)  and  the  references  given  by  him,  and  the  paper  by 
Chernov  and  Nekrasov  (4).]  From  the  aluminum  content,  the 
composition  of  the  alumina  in  terms  of  Al>Oi.zH20  is  readily  deter¬ 
mined.  The  calculation  is  facilitated  by  the  use  of  the  readily 
derived  relationship: 


F.W. 


6000  w 
C x  -  y)N 


where  F.W. 
w 
N 
x 

y 


formula  weight  of  AI2O3.ZH2O 
weight  of  hydrous  alumina  sample 
normality  of  standard  alkali  used 
ml.  of  standard  alkali  required  to  titrate  volume 
of  acid  used  for  dissolution  of  sample 
ml.  of  standard  alkali  required  to  titrate  excess 
acid  after  complete  dissolution 


The  following  procedure  was  used: 

A  0.23-gram  sample  of  powdered  pure  hydrous  alumina  was 
weighed  to  ±0.1  mg.  and  transferred  to  a  125-ml.  Erlenmeyer 
flask,  50.00  ml.  of  standardized  0.4  N  sulfuric  acid  were  added, 
and  the  mixture  was  boiled  gently  until  solution  was  complete. 
During  the  dissolution  period,  which  required  2  to  3  hours,  the 
volume  of  the  acid  solution  was  maintained  essentially  constant 
(by  additions  of  water),  until  toward  the  end  when  it  was  allowed 


Table  III. 


Direct 

Titration 

32.66 

32.64 

32.66 


Sodium  Hydroxide  Required  to  Titrate  Sulfuric  Acid 
after  Various  Treatments 


Titration  after  Boiling 
2  hours  3  hours 

32.65  32.63 

32.65  32.63 

32.63 


Titration  after  Addition  of 
AlCls  equivalent 

15  ml.  to  0.15  gram  of 
of  neutral  AI2O3  and  15  ml. 

2  M  KF  of  2  M  KF 

32.65  32.68 

32.67  32.67 
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to  decrease  to  approximately  25  ml.  The  solution  was  cooled  to 
room  temperature  and  the  excess,  sulfuric  acid  present  was  ti¬ 
trated  by  means  of  standard  alkali  according  to  the  improved 
fluoride  method,  using  15  ml.  of  2  M  potassium  fluoride  solution 
(neutral  to  phenolphthalein). 


values  obtained  are  in  very  good  agreement  with  those  given  by 
the  standard  gravimetric  ignition  procedure. 
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Colorimetric  Determination  of  Cobalt  in  Metallurgical 

Products  with  Nitroso  R  Salt 


R.  S.  YOUNG,  E.  T.  PINKNEY,  and  R.  DICK 
Nchanga  Consolidated  Copper  Mines,  Ltd.,  Chingola,  Northern  Rhodesia 


THE  routine  determination  of  small  quantities  of  cobalt  in 
metallurgical  products  by  the  standard  a-nitroso-/3-naphthol 
gravimetric  method  is  unsatisfactory.  For  materials  ranging  in 
cobalt  content  from  0.005  to  0.2%,  the  large  initial  sample  and 
the  resulting  separations  involving  several  reprecipitations 
render  the  gravimetric  procedure  exceedingly  time-consuming 
and  subject  to  the  errors  inherent  in  all  lengthy  analytical 
manipulations. 

A  colorimetric  procedure  based  on  the  red  color  formed  by 
nitroso  R  salt  in  the  presence  of  cobalt  under  certain  conditions 
has  been  used  in  recent  years  for  determining  very  small  quanti¬ 
ties  of  this  element  in  biological  materials  (3).  Haywood  and 
Wood  (J)  have  described  a  photometric  method  for  cobalt  in 
steels,  using  nitroso  R  salt.  These  procedures  are  based  on  the 
fact  that  the  colored  complexes  formed  by  most  of  the  common 
elements  with  nitroso  R  salt,  except  cobalt,  are  destroyed  by 
nitric  acid.  The  full  development  of  the  color  with  cobalt  is 
attained  in  the  presence  of  sodium  acetate,  and  such  variables  as 
quantity  of  nitric  acid  and  of  nitroso  R  salt,  time  of  boiling,  etc., 
have  an  influence  on  the  development  of  the  color. 

In  this  laboratory  several  important  modifications  have  been 
introduced  to  suit  the  requirements  of  complex  ores  and  metal¬ 
lurgical  products,  to  widen  the  applicability  of  the  previous  meth¬ 
ods,  and  to  save  time  and  material.  While  the  details  of  this  pro¬ 


cedure  were  worked  out  for  final  color  measurements  in  a  Spekkei 
photoelectric  absorptiometer,  any  other  colorimetric  means  oi 
determining  concentrations  in  solutions,  by  photoelectric  oi 
visual  colorimeters  or  Nessler  tubes,  can  be  employed. 

PROCEDURE 

Reagents.  Cobalt  sulfate,  0.2385  gram  of  cobalt  sulfate 
heptahydrate  dissolved  and  made  up  to  1  liter  with  water. 

Nitroso  R  salt,  1  gram  dissolved  in  water  and  made  up  to  50( 
ml. 

Spekker  acid,  150  ml.  of  phosphoric  acid  (sp.  gr.  1.75)  and  15( 
ml.  of  sulfuric  acid  (sp.  gr.  1.84)  made  up  to  1  liter  with  water. 

Sodium  acetate,  500  grams  of  sodium  acetate  trihydrate  dis¬ 
solved  and  made  up  to  1  liter  with  water. 

Calibration  Graph.  To  0,  1,  2,  3,  etc.,  up  to  11  ml.  ol 
standard  cobalt  sulfate  solution  are  added  2  ml.  of  Spekker  acid 
10  ml.  of  nitroso  R  salt  solution,  and  10  ml.  of  sodium  acetate 
solution.  A  blank  is  made  by  adding  2  ml.  of  Spekker  acid  anc 
10  ml.  of  sodium  acetate  solution  but  omitting  the  nitroso  R  salt 
The  blank  anei  the  standard  solutions  are  brought  to  the  boil  on  t 
hot  plate,  5  ml.  of  nitric  acid  are  added,  and  the  solutions  are 
boiled  for  at  least  1  minute  and  not  more  than  2  minutes.  The 
standards  and  blank  are  then  cooled  and  diluted  to  100  ml.  witl 
water. 

The  absorption  of  the  standards  is  measured  on  the  Spekkei 
photoelectric  absorptiometer  using  1-cm.  cells  and  Hilger  blue 
filters  No.  6.  The  blank  is  set  on  1.0  and  the  differences  ob¬ 
tained  are  plotted  against  the  weights  of  cobalt  taken. 
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Table  I.  Comparison  of  Analytical  Procedures 


Sample 


till  feed 
fill  tail 
»xide  ore 

'obalt  reverberatory  slag 
'opper  concentrate 
'opper  reverberatory  slag 
'opper  reverberatory  matte 
Jlister  copper 
tefined  copper 


Standard 

Nitroso  R  salt 

Gravimetric 

Operator  A 

Operator  B 

%  Co 

%  Co 

%  Co 

0.14 

0.136 

0.134 

0.06 

0.056 

0.062 

0.55 

0.55 

0.55 

0.63 

0.66 

0.62 

0.64 

0.63 

0.60 

1.47 

1.45 

1.40 

1.86 

1.80 

0.0104 

o’.oio2 

0.0001 

0.0001 

Determination.  For  samples  containing  0.01  to  0.20%  of 
obalt  use  a  0.25-gram  sample.  With  higher  grade  materials 
ake  a  0.5-gram  sample  and  after  decomposition  dilute  to  volume 
,nd  take  a  suitable  aliquot  containing  0.01  to  0.5  mg.  of  cobalt 
or  analysis.  For  very  low  cobalt  contents,  as  in  refined  metals 
nth  few  impurities,  larger  aliquots  representing  1  to  20  grams 
nay  be  taken.  The  maximum  quantity  of  cobalt  permissible 
n  a  sample  is  0.5  mg.,  as  above  this  concentration  the  solution 
10  longer  appears  to  obey  Beer’s  law. 

Decompose  with  nitric  acid,  hydrochloric  acid,  and  bromine, 
idd  5  to  7.5  ml.  of  1  to  1  sulfuric  acid,  and  evaporate  to  strong 
umes.  Some  products  will  require  the  use  of  hydrofluoric  acid 
or  complete  decomposition.  Care  should  be  taken  in  the  addi- 
ion  of  reagents,  as  an  excessive  concentration  of  salts  in  the  final 
elution  wall  increase  the  absorption. 

Cool,  dilute  to  about  30  ml.,  add  2  ml.  of  hydrochloric  acid, 
ind  boil  to  solution  of  soluble  salts.  Pass  a  brisk  current  of 
lydrogen  sulfide  through  the  solution  for  10  minutes  and  filter 
trough  a  Whatman  No.  40  filter  paper,  washing  well  with 
icidulated  hydrogen  sulfide  wash  water.  Boil  off  hydrogen 
sulfide,  add  5  ml.  of  nitric  acid,  and  take  to  fumes  of  sulfur  tri- 
jxide.  For  products  like  blister  or  refined  copper,  determine 
’obalt  on  the  solution  obtained  after  the  electrolysis  of  copper. 
Evaporate  this  solution  to  fumes  of  sulfur  trioxide,  and  continue 
leating  until  only  a  small  amount  of  sulfuric  acid  remains. 

Cool,  dilute  to"  about  25  ml.  with  water,  and  boil  to  solution  of 
salts.  Cool  and  carefully  neutralize  with  20%  sodium  hydroxide 
:o  a  point  where  the  solution  becomes  a  deep  wine  red.  Should 
[here  be  little  or  no  iron  present,  add  2  drops  of  phenolphthalein 
md  take  to  the  first  faint  pink.  Immediately  add  2  ml.  of 
Spekker  acid,  then  10  ml.  of  nitroso  R  salt  solution  and  10  ml.  of 
sodium  acetate  solution.  Bring  to  a  vigorous  boil,  add  5  ml.  of 
nitric  acid,  and  boil  for  at  least  1  minute  but  not  more  than  2 
minutes.  Cool  and  dilute  to  100  ml.  with  water. 

At  the  same  time  carry  out  a  blank  exactly  as  was  done  in 
salibrating  the  graph.  Measure  the  absorption  of  the  sample 
in  the  same  manner  as  were  the  standards  with  the  blank  setting 
at  1.0.  The  drum  reading  obtained  for  the  sample  is  subtracted 
from  1.0  and  this  difference  is  measured  off  on  the  calibration 
graph  to  obtain  the  weight  of  cobalt  present. 


RESULTS 

Table  I  compares  results  obtained  by  this  procedure  with  those 
secured  by  careful  work  with  standard  gravimetric  methods  on 
specially  prepared  samples  of  typical  metallurgical  products. 

For  mill  feed  and  tail  0.25-gram  samples  were  used  directly; 
for  oxide  ore,  cobalt  reverberatory  slag,  and  copper  concentrate, 
0.5-gram  samples  were  taken,  diluted,  and  aliquots  equivalent  to 
0.05  gram  of  original  sample  were  withdrawn.  In  copper  rever¬ 
beratory  slag  and  copper  reverberatory  matte  0.5-gram  samples 
and  aliquots  equivalent  to  0.025  gram  were  taken. 

To  thirteen  0.25-gram  portions  of  a  complex  ore  containing 
4.95%  copper  and  3.00%  iron,  which  was  knowm  to  contain  very 
little  cobalt,  varying  quantities  of  standard  cobalt  solution  were 
added.  These  together  with  another  0.25-gram  portion  of  the 
ore  to  which  no  cobalt  had  been  added  were  analyzed  according 
to  the  foregoing  procedure.  Table  II  gives  the  results  obtained. 

DISCUSSION 

Interfering  Elements.  It  was  found  that  even  small 
quantities  of  copper  prevented  or  masked  the  full  development 
of  the  red  cobalt  complex.  This  confirms  observations  made  by 
previous  workers  on  biological  materials  (S),  but  not  brought  out 
by  Haywood  and  Wood  working  with  steels. 


As  it  was  necessary  to  remove  copper  and  all  the  products  on 
which  the  authors  worked  contained  this  element,  a  separation 
with  hydrogen  sulfide  was  made  on  all  samples.  With  this  modi¬ 
fication,  taking  the  usual  precautions,  silver,  mercury,  lead, 
copper,  bismuth,  cadmium,  arsenic,  antimony,  tin,  molybdenum, 
selenium,  tellurium,  gold,  platinum,  and  palladium  are  removed. 
To  0.25-gram  portions  of  a  sample  of  known  cobalt  content 
(0.18%)  the  following  elements  were  added  as  soluble  salts:  iron, 
aluminum,  zinc,  titanium,  thorium,  uranium,  zirconium,  tung¬ 
sten,  barium,  strontium,  calcium,  and  magnesium.  The  quanti¬ 
ties  added  were  sufficient  to  give  at  least  20%  of  each  element 
relative  to  the  sample;  in  the  case  of  iron,  enough  ferric  chloride 
was  added  to  bring  the  iron  content  to  50%. 

Cobalt  was  determined  as  usual  and  in  no  case  was  there  ob¬ 
served  any  significant  difference  in  cobalt  recovery.  Naturally 
some  of  the  added  elements  were  removed  during  the  course  of  the 
analysis.  Barium,  for  instance,  would  all  be  removed  as  sulfate. 
Titanium  and  thorium  were  troublesome,  as  hydrolyzed  salts 
continued  to  be  precipitated  in  the  solution  after  the  color  had 
been  developed.  Filtration  through  a  dry  filter  paper  at  this 
stage  removed  the  turbidity  and  the  cobalt  recovery  was  not 
affected. 

As  no  pure  vanadium  salt  was  available,  a  vanadium-bearing 
ore  free  of  cobalt  was  added  to  a  known  cobalt  sample,  the  va¬ 
nadium  content  of  the  final  sample  being  5%.  The  cobalt  recov¬ 
ery  was  unaffected.  To  the  same  sample  varying  quantities  of 
manganese  were  added;  up  to  10%  manganese  there  was  no  in¬ 
terference,  but  quantities  above  this  had  to  be  removed.  Like¬ 
wise  chromium  and  nickel  were  found  to  be  without  effect  up  to 
3  and  5%,  respectively,  but  above  these  concentrations  removal 
is  indicated. 

The  addition  of  large  quantities  of  certain  of  the  above  ele¬ 
ments  necessitated  slight  alterations  in  procedure  which  are 
commented  upon  in  the  subsequent  sections. 


Table  II.  Recovery 

of  Added  Cobalt  in 

Ores 

Sample 

No.  Cobalt  Added 

Cobalt  Found 

Recovery 

Mg. 

Mg. 

% 

1 

Nil 

0.01 

2 

0.02 

0.03 

100 

3 

0.05 

0.06 

100 

4 

0.10 

0.11 

100 

5 

0.16 

0. 165 

103 

6 

0.21 

0.225 

102 

7 

0.25 

0.26 

100 

8 

0.30 

0.315 

101 

9 

0.34 

0.35 

100 

10 

0.37 

0.385 

101 

11 

0.40 

0.41 

100 

12 

0.44 

0.45 

100 

13 

0.49 

0.50 

100 

14 

0.53 

0.54 

100 

Effect  of  Variables  in  Procedure.  Like  all  colorimetric 
procedures  it  is  desirable  that  conditions  be  standardized  as  far 
as  practicable  and  the  quantities  and  directions  given  in  the 
procedure  should  be  adhered  to  as  closely  as  possible. 

Spekker  Acid.  Haywood  and  Wood  used  Spekker  acid  for  the 
decomposition  of  steels.  Since  their  reasons  for  using  this  acid 
did  not  apply  to  the  authors’  procedure,  they  tried  dilute  sulfuric 
acid  to  acidify  the  sample  after  neutralization  with  sodium 
hydroxide.  They  found,  however,  that  when  much  iron  was 
present  low  results  were  obtained,  owing  to  the  development  of 
a  decided  brown  tinge  in  the  solution.  As  phosphoric  acid  de¬ 
colorizes  iron,  an  attempt  was  made  to  use  this  acid  alone,  but  it 
proved  unsatisfactory  for  most  metallurgical  samples.  The 
familiar  combination  of  phosphoric  and  sulfuric  acids  known  as 
Spekker  acid  was  finally  tried  and  found  successful.  Varying 
quantities  of  this  acid  were  added  to  known  ores  and  to  synthetic 
solutions.  It  was  found  that  the  Spekker  acid  could  be  varied 
from  0.5  to  3.0  ml.  without  affecting  the  color  development.  Any 
addition  above  3  ml.  caused  a  lessening  of  the  depth  of  color. 

Nitroso  R  Salt.  The  measurement  of  nitroso  R  salt  should  be 
accurate,  but  no  appreciable  difference  was  observed  with 
quantities  of  nitroso  R  salt  varying  between  10  and  15  ml.  The 
result  was  low  with  less  than  10  and  high  with  more  than  15  ml. 
of  nitroso  R  salt  solution.  The  solution  is  perfectly  stable  after 
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standing  2  days,  but  it  is  probably  advisable  to  make  up  only 
sufficient  for  the  day’s  requirements. 

Sodium  Acetate.  With  local  ores  the  essential  minimum  was 
5  ml.  of  sodium  acetate  solution.  The  quantity  of  sodium  acetate 
necessary  would  vary  with  different  products  and  it  was  decided 
that  a  safe  addition  was  10  ml. 

Nitric  Acid.  It  is  essential  to  add  sufficient  nitric  acid  to  dis¬ 
solve  any  precipitate  formed  with  sodium  acetate  and  to  destroy 
color  complexes  formed  with  metals  other  than  cobalt.  It  was 
found  that  the  nitric  acid  could  be  increased  to  15  ml.  without 
affecting  the  color  development,  when  10  ml.  of  sodium  acetate 
were  used.  The  presence  of  certain  elements  necessitated 
alterations  in  procedure.  Very  high  iron,  manganese,  etc.,  re¬ 
quired  more  than  the  standard  addition  of  5  ml.  of  nitric  acid  to 
clear  the  precipitate  formed  with  sodium  acetate. 

Time  of  Boiling.  The  final  boiling  had  to  be  carefully  con¬ 
trolled.  The  solution  must  be  brought  to  a  vigorous  boil,  nitric 
acid  added,  and  the  boiling  continued  for  from  1  to  2  minutes. 
The'  extension  of  the  boiling  time  to  3  minutes  caused  little 
change,  but  any  further  extension  resulted  in  a  definite  bleaching 
of  the  cobalt  color.  On  the  other  hand,  any  decrease  in  boiling 
time  prevented  the  full  development  of  the  red  color.  This  con¬ 
firms  the  work. of  previous  investigators  ( 1 ). 

Fading  of  Color  on  Exposure  to  Light.  Samples  permitted  to 
stand  for  24  hours  in  Erlenmeyer  flasks  fitted  with  loose  covers 
were  practically  unchanged.  On  standing  for  a  further  24  hours 
there  was  an  observable  lessening  of  color.  The  flasks  were  .ex¬ 
posed  to  diffused  sunlight  for  half  of  this  period.  The  effect  of 
exposure  to  light,  although  slight,  is  apparently  more  pronounced 
than  experienced  by  Haywood  and  Wood.  This  is  probably  due 
to  the  more  intense  sunlight  prevailing  in  Africa. 

It  would  appear  that  when  dealing  with  quantities  of  cobalt 
between  0.01  and  0.50  mg.  the  control  of  conditions  need  not  be  so 
critical  as  described  by  Kidson  and  Askew  (2),  who  were  working 
with  quantities  of  cobalt  as  low  as  0.0001  mg.  While  Haywood 
and  Wood  ( 1 )  report  good  results  with  very  high  cobalt-contain¬ 
ing  steels,  the  authors  have  found  the  greatest  range  of  usefulness 


of  this  method  to  lie  in  the  lower  concentrations  of  cobalt  in 
mining  and  metallurgical  products. 

SUMMARY 

A  modification  of  the  nitroso  R  salt  method  for  cobalt  is  de¬ 
scribed  which  should  have  wide  adaptability  for  the  determina¬ 
tion  of  small  quantities  of  this  element  in  metallurgical  products 
and  similar  materials.  Results  compare  very  favorably  in  accu¬ 
racy  and  precision  with  those  obtained  by  the  longer  standard 
gravimetric  procedures,  and  the  recovery  of  added  cobalt  is 
complete. 

A  comprehensive  review'  of  the  effect  of  other  elements  and  of 
varied  conditions  is  given.  The  determination  is  best  carried  out 
on  a  sample  or  aliquot  containing  0.01  to  0.5  mg.  of  cobalt. 
Apart  from  the  elements  removed  with  hydrogen  sulfide  in  the 
course  of  the  determination,  this  work  to  date  shows  that  the 
final  color  comparison  can  be  made  in  the  presence  of  at  least 
1000  times  as  much  iron,  100  times  as  much  aluminum,  zinc, 
titanium,  thorium,  uranium,  zirconium,  tungsten,  barium, 
strontium,  calcium,  and  magnesium,  and  25  times  as  much 
vanadium.  Quantities  of  manganese  in  excess  of  50  times, 
nickel  beyond  25  times,  and  chromium  in  excess  of  15-fold  the 
cobalt  present,  interfere  and  must  be  removed. 

Although  details  are  presented  for  the  final  determination  of 
cobalt  in  the  Spekker  absorptiometer,  the  method  is  adapted  for 
any  other  means  of  photoelectric  or  visual  color  comparison. 
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Radioactive  Studies 

Utilization  of  the  Radioactive  Isotope  Dilution  Procedures  for  Special  Types 
of  Ch  emica  I  Probl  ems.  Quantitative  Determination  of  the  Three  individual 
Components  of  Mixtures  of  Dibenzyl  Sulfide,  Sulfoxide,  and 
Sulfon  e  as  an  Illustrative  Example 


F.  C.  HENRIQUES,  Jr.*,  and  CHARLES  MARGNETTI3 
Chemical  Laboratories  and  Medical  School,  Harvard  University,  Cambridge  and  Boston,  Mass. 


ALTHOUGH  certain  highly  specialized  instruments,  such  as 
spectrometers  (infrared,  mass,  etc.)  and  polarographs  en¬ 
able  the  analysis  of  certain  individual  components  of  many 
multicomponent  systems,  there  are  still  numerous  types  of  mix¬ 
tures  that  cannot  be  quantitatively  analyzed  by  means  of  these 
apparatus. 

It  has  been  known  for  some  time  that  the  isotope  dilution 
method  is  applicable  in  principle  to  any  analytical  problem  ( 6 ). 
Recently  Foster,  Rittenberg,  and  others  ( 1 ,  2 ,  7)  have  begun 
to  use  stable  isotopes  in  the  determination  of  the  amino  acid 
content  of  proteins.  In  the  case  of  radioactive  isotopes,  the 
usual  analytical  errors  of  10  to  15%  prevented  their  usage  in  the 
isotope  dilution  method  (9).  Since  recent  studies  (3,  4)  have 
shown  that  some  of  the  radioactive  tracers  most  difficult  to  quan- 

1  This  is  the  fifth  in  a  series  of  articles  on  Radioactive  Studies.  Previous 
articles  are  found  in  June  and  July  issues. 

2  Present  address.  Radiation  Laboratory,  University  of  California,  Berke¬ 
ley,  Calif. 

*  Present  address,  Massachusetts  Department  of  Public  Safety,  Boston, 
Maes. 


titate — namely,  long-lived  sulfur,  arsenic,  carbon,  and  hydrogen- 
can  be  analyzed  to  within  2%,  the  accuracies  of  the  isotope  dilu¬ 
tion  method,  wfith  either  stable  or  radioactive  isotopes,  are  es¬ 
sentially  identical.  This  communication  indicates  the  full  scope 
of  the  radioactive  isotope  dilution  method  as  applied  to  chemica 
problems  and  gives  a  specific  experimental  example,  using  S3S  o! 
87-day  half-life. 

GENERAL  CONSIDERATIONS 

Let  P  be  a  nonradioactive  compound.  Let  P*  be  the  same 
compound  in  which  a  minute  fraction  of  the  molecules  contain  £ 
tracer  element  in  a  stable  position,  and  let  the  radioactivity  pel 
milligram  of  this  compound  be  denoted  by  (ad/mg)  p*.  Lei 
P.P*  denote  the  chemically  indistinguishable  mixture  of  P  anc 
P*,  and  let  the  radioactivity  per  milligram  of  this  mixture  be 
denoted  by  (ad/mg)p.p*.  Let  the  ratio  of  the  specific  activities 
( act/mg)p*/(ad/mg)p.p *,  be  defined  as  R. 

There  are  two  general  procedures  in  applying  the  isotope  dilu 
tion  method. 

Procedure  I.  The  amount  of  P  in  a  multicomponent  systen 
is  unknown.  If  a  known  quantity  of  P*  is  added  to  and  dispersec 
uniformly  throughout  the  mixture,  the  amount  of  P  can  be  de 
termined.  provided  that  a  w'eighable  aliquot  (>0.05  mg.)  of  P.P' 
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le  radioactive  isotope  dilution  method  is  a  powerful  tool  which 
applicable  to  analytical  problems  that  cannot  be  solved  readily 
y  any  other  means.  There  are  two  general  variations  to  this  method; 
ne  is  best  suited  to  the  analysis  of  the  individual  constituents  of 
ulticomponent  systems,  and  the  other  is  useful  in  the  investigation 
f  mechanisms  and/or  yields  of  reactions.  As  an  illustrative  example 
:ilizing  long-lived  radioactive  sulfur,  S35,  quantitative  data  are 
resented  for  the  analysis  of  the  three  individual  components  of 
ixtures  of  dibenzyl  sulfide,  sulfoxide,  and  sulfone.  These  data 
iow  that  these  analyses,  if  done  in  triplicate,  can  be  made  with 
i  average  error  of  less  than  1  %  and  a  maximum  error  of  less  than  2%. 


m  be  isolated  in  a  pure  state.  This  relationship  is  given  by 
Iquation  1 : 

mgp  -  mgp*  ( R  —  1)  (1) 

Procedure  II.  The  amount  of  P*  in  a  multicomponent  sys- 
jm  containing  other  radioactive  compounds  is  unknown.  The 
ddition  of  a  predetermined  amount  of  P  sufficient  to  isolate  sub- 
jquently  a  weighable  quantity  of  P.P*  in  a  pure  state,  followed 
y  complete  mixing  of  the  active  and  inactive  species,  will  enable 
tie  analysis  to  be  made.  Equation  2  gives  this  relationship: 

mgp*  =  mgp  [1/(R  —  1)]  (2) 

For  both  Procedures  I  and  II,  the  specific  activity  of  P*  can 
e  predetermined  to  make  and  to  make  each  radioactive 

leasurement  with  a  maximum  error  of  2%;  thus  the  maximum 
ncertainty  of  an  individual  analysis  by  the  radioactive  isotope 
ilution  method  is  4%. 

Procedure  I  is  best  suited  for  any  problem  involving  the  analy- 
is  for  the  individual  components  of  a  multicomponent  system, 
rovided  that  sufficient  P  is  present  to  enable  the  isolation  of  a 
reighable  amount  of  PP*.  Thus  it  cannot  be  used  for  the  de- 
ermination  of  traces  of  substances. 

Procedure  II  is  useful  in  the  investigation  of  the  mechanism 
.nd/or  yield  of  reactions.  This  is  most  readily  shown  by  con- 
idering  a  specific  example — namely,  the  following  hypothetical 
lolymerization: 

N 

A  +  P  =  AxP  +  A,P  +  A3P  +  . . .  =  (3) 

l 

rhere  A  polymerizes  in  the  presence  of  the  catalyst,  P,  to  Ak  and 
he  polymerization  is  terminated  by  the  addition  of  P  to  the 
>olymer.  It  is  essential  that  the  polymers,  ArP,  can  be  ob- 
ained  in  pure  form — e.g.,  be  reacting  large  quantities  of  A  and  P 
md  subsequent  fractional  distillation  and/or  crystallization, 
rhen  the  synthesis  of  P*  and  the  use  of  this  compound  instead  of 
°  in  reaction  3  enables  the  determination  of  the  exact  amount  of 
■ach  ArP*  formed,  since  (act /mg) a rp*  can  be  computed  stoi- 
■hiometrically  from  ( act/mg)p *,  and  (act/mg)  arP-arP*  is  experi- 
nentally  determined. 

Methods  similar  to  those  outlined  above  are  applicable  to  any 
•eaction.  Unlike  Procedure  I,  Procedure  II  enables  the  analysis 
>f  traces  of  substances;  in  fact,  since  most  radioactive  isotopes 
:an  be  obtained  in  high  millicurie  strength,  it  is  possible  to  analyze 
quantitatively  for  less  than  0.001  microgram  of  many  corn- 
rounds — e.g.,  ArP* — by  the  isotope  dilution  method.  It  is  here 
<hat  radioactive  isotopes  come  into  their  own,  since  the  allowable 
iilution  factors  are  much  greater  than  those  of  stable  isotopes. 

Utilizing  radioactive  sulfur,  S36,  the  authors  have  used  both 
Procedures  I  and  II ;  the  former  is  considered  in  the  next  section 
and  the  latter  has  been  used  to  investigate  the  mechanism  of 
mustard  gas  vesication  (5).  The  procedures  are  interdependent 
and  the  accuracy  to  be  expected  from  either  isotope  dilution 
method  is  essentially  identical. 

ILLUSTRATIVE  EXPERIMENTAL  EXAMPLE 

In  order  to  evaluate  the  radioactive  isotope  dilution  method  as 
a  quantitative  analytical  procedure,  an  illustrative  example  of 


Procedure  I  will  be  considered  in  detail— the  analysis  of  the  three 
individual  components  of  mixtures  of  dibenzyl  sulfide,  sulfoxide, 
and  sulfone.  In  essence  the  procedure  consists  of  the  following 
steps  for  this  particular  case: 

Dibenzyl  sulfide,  sulfoxide,  and  sulfone,  each  containing  radio¬ 
active  sulfur,  are  synthesized. 

The  amount  of  radioactivity  per  milligram,  (act, /mg) P*,  is  de¬ 
termined  for  each  radioactive  compound. 

Accurately  weighed  amounts  of  each  of  the  radioactive  com¬ 
pounds  are  added  to  the  unknown  mixture  of  dibenzyl  sulfide, 
sulfoxide,  and  sulfone.  , 

A  portion  of  each  substance  is  isolated  in  the  pure  state  by 
fractional  crystallizations.  ..  , 

Weighed  amounts  of  the  three  purified  fractions  are  subjected  to 
radioactive  analysis  and  the  (ad/mg)p.p*  is  computed  for  each 
substance.  From  the  reduction  in  specific  activity  irom  (act/- 
mg)p*  to  (act/mg)p.p*  together  with  the  known  weight  of  radio¬ 
active  compound  added,  the  amount  of  each  of  the  original  com¬ 
pounds  present  in  the  unknown  mixture  is  calculable  by  means 
of  Equation  1. 

Preparation  of  the  Compounds.  About  20-gram  quantities 
of  nonradioactive  dibenzyl  sulfide,  sulfoxide,  and  sulfone  were 
prepared  by  the  method  described  in  detail  by  Shriner  et  al.  (8). 

This  procedure  is  based  on  the  following  schematic  reactions. 


C6H6CH2C1  +  Na2S  — >-  (C6H6CH2)2S  (4) 

(C6H6CH2)2S  +  H202  — >  (C6H6CH2)2SO  (5) 

(C6H6CH2)2SO  +  Cr03  — ►  (C6HbCH2)2S02  (6) 

Since  the  techniques  involved  in  the  preparation  of  dibenzylsul- 
fide  on  the  milligram  scale  are  rather  different,  the  preparation 
of  this  compound  containing  radioactive  sulfur  is  described  in 
detail.  The  radioactive  sulfur  used  in  this  preparation  was  ob¬ 
tained  from  the  Massachusetts  Institute  of  Technology,  Radio¬ 
activity  Center. 

Dry  barium  sulfate  (200  mg.)  containing  about  30  microcuries 
of  S35  (87-day  half-life)  was  placed  in  a  platinum  boat  which  was 
introduced  into  a  long  quartz  tube.  By  heating  the  tube  to  800 
C.  for  4  hours,  while  passing  through  a  stream  of  hydrogen,  a  98  ,/0 
reduction  to  barium  sulfide  was  obtained.  The  trace  of  hydrogen 
sulfide  formed  by  the  side  reaction 


BaS04  +  4H2  — >  BaO  +  H2S  +  3H20  (7) 


was  caught  in  a  zinc  chloride  trap.  The  resulting  zinc  sulfide 
precipitate  was  added  to  the  barium  sulfide  in  the  platinum  boat. 

The  boat  with  contents  was  transferred  to  a  small  gas  generator 
containing  1  gram  of  20-mesh  zinc.  Sufficient  6  M  phosphoric 
acid  to  cover  the  boat  was  now  added  through  a  stopcock  and  the 
mixture  was  heated.  The  issuing  gases  were  dried  with  phos¬ 
phorus  pentoxide,  and  the  hydrogen  sulfide  was  condensed  in  a 
trap  chilled  by  liquid  nitrogen.  The  purpose  of  the  hydrogen 
was  to  sweep  out  all  traces  of  hydrogen  sulfide  from  the  gen¬ 
erator  with  a  noncondensable  gas.  The  hydrogen  sulfide  was 
then  stored  in  an  evacuated  bulb  attached  to  a  vacuum  system. 

A  tube,  containing  1.85  millimoles  (235  mg.)  of  benzyl  chloride 
1.85  millimoles  (75  mg.)  of  sodium  hydroxide,  6  cc.  of  ethyl 
alcohol,  and  1  cc.  of  water,  was  attached  to  the  vacuum  system 
by  means  of  a  ground  joint  and  frozen  down  and  evacuated. 
The  hydrogen  sulfide  (0.85  millimole)  was  vacuum-distilled  into 
this  tube  chilled  with  liquid  nitrogen.  This  tube  was  then  sealed 
and  placed  on  a  steam  bath  for  3  days.  The  tube  was  opened  and 
the  contents  were  extracted  four  times  with  petroleum  ®ther 
(b.p.  40°  to  60°  C.).  The  petroleum  ether  solution  was  placed 
in  a  test  tube,  and  the  volatile  contents  were  pumped  away ,  the 
contents  of  the  apparatus  were  further  pumped  for  1.5  hours  to 
remove  most  of  the  residual  benzyl  alcohol  and  benzyl  chloride. 
The  dibenzyl  sulfide  was  recrystallized  from  ethyl  alcohol. 

Yield,  168  mg.,  92%  based  on  barium  sulfate;  m.p.  49  U 
To  prepare  the  dibenzyl  sulfoxide,  120  mg.  of  radioactive  di- 
benzyl  sulfide  were  used. 

Yield,  107  mg.,  83%;  m.p.  134°  C.  '  „ 

To  prepare  the  sulfone,  60  mg.  of  the  radioactive  sulfoxide  were 


ea. 

Yield,  45  mg.,  70%;  m.p.  149°  C. 

For  these  last  two  compounds,  Shriner’s  method  (8)  scaled  down 
these  quantities  was  exactly  followed.  ln 

Thus,  about  45  mg.  of  each  compound  containing  about  1U 
icrocuries  of  S36  were  prepared.  This  quantity  of  material  would 
low  the  analysis  in  triplicate  of  at  least  100  unknown  mixtures 
the  three  dibenzyl  compounds. 
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Table  I.  Triplicate  Radioactive  Sulfur  Standardizations  of  the  Three 
Dibenzyl  Compounds 

a  (CeHuCHahS*  (C6H9CH2)2S*0  (C6H6CH2)2S*02 


(  ct/ mg)  P* 

Av.  (act/ mg)  p* 

Av.  (act/ micromole )  p* 


169 

.0 

156. 

5 

169. 

.6 

160. 

0 

169. 

.7 

158. 

8 

169 

.4 

158. 

.4 

36 

.2 

36 

.4 

148.7 

148.1 

147.2 
148.0 

36.4 


°  The  activity  of  each  sample  is  computed  by  the  following  formula: 

102 

Activity  =  [(d/t)s  —  (d/t)b]  X  — j- 


(8) 


where  d  is  the  number  (10)  of  scale  divisions  traversed  by  the  electroscope 
fiber  in  time  t  in  seconds ;  s  and  b  denote  sample  and  background,  respectively ; 
and /is  the  beta-ray  self-absorption  correction  factor  due  to  the  weight  of  the 
benzidine  sulfate  precipitate  (see  3  for  further  details). 

With  the  electroscope  used,  one  unit  of  activity  represents  about  10  3 
microcurie  of  S35. 


three  compounds,  P.P*.  The  procedure  used  was  based  on  the 
relative  solubility  of  these  compounds  in  petroleum  ether  (b.p 
40°  to  60°  C.)  and  95%  ethyl  alcohol. 

Cold  petroleum  ether  was  added;  the  sulfide  was  partially 
separated  by  filtering,  since  the  sulfoxide  and  sulfone  were  some¬ 
what  insoluble.  The  remaining  solid  was  dissolved  in  alcohol 
upon  cooling,  some  of  the  sulfone  precipitated  while  most  of  the 
sulfoxide  remained  in  solution.  Thus,  there  now  remained  £ 
petroleum  ether  solution  of  crude  sulfide,  alcoholic  solution  o 
impure  sulfoxide,  and  solid  crude  sulfone.  The  petroleum  ethei 
and  alcohol  were  respectively  evaporated  off  and  the  three  im 
pure  solids  were  recrystallized  three  times,  the  sulfide  from  95^ 
ethyl  alcohol,  the  sulfoxide  from  petroleum  ether  (b.p.  40°  tc 
60°  C.),  and  the  sulfone  from  95%  alcohol.  The  melting  poini 
of  each  compound  was  taken,  and  if  it  were  not  correct  furthei 
recrystallizations  were  made. 


Table  II.  Analysis  of  Known  Mixtures  of  Dibenzyl  Sulfide,  Sulfoxide,  and  Sulfone  by 
Radioactive  (S36)  Isotope  Dilution  Procedure 


Mixture  of  Nonradioactive  Compounds 


(CsHeCHshS 

(C8HeCH2)2SO 

(CsHsCHjhSCb 

Weight  deter¬ 

Weight  deter¬ 

Weight  deter¬ 

Mixture 

Weight 

mined  by  S35 

Weight 

mined  by  S36 

Weight 

mined  by  S35 

No. 

added 

analysis 

added 

analysis 

added 

analysis 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

Av. 

Individual 

Av. 

Individual 

Av. 

Individual 

analysis 

analysis 

analysis 

1 

400 

406 

412 

400 

399 

403 

400 

399 

409 

395 

401 

390 

410 

392 

397 

2 

400 

402 

396 

400 

399 

403 

400 

397 

393  . 

403 

395 

406 

406 

398 

393 

3 

400 

396 

389 

400 

401 

392 

400 

395 

397 

400 

404 

401 

399 

406 

390 

4 

200 

199 

203 

400 

400 

404 

1400 

1380 

1355 

197 

391 

1402 

196 

404 

1390 

5 

400 

400 

399 

1400 

1390 

1368 

200 

203 

205 

400 

1408 

199 

402 

1396 

206 

6- 

1400 

1400 

1382 

200 

201 

206 

400 

407 

405 

1415 

193 

406 

1404 

204 

410 

Six  different  mixtures  contain¬ 
ing  various  known  amounts  o 
the  three  dibenzyl  compound; 
were  subjected  to  the  above  pro 
cedure.  Since  200  mg.  was  th< 
minimum  amount  of  any  of  thi 
dibenzyl  compounds,  P,  in  thi 
original  mixture,  and  20  mg 
more  than  sufficed  for  radio 
active  analysis,  it  was  not  dif 
ficult  to  obtain  the  three  sub 
stances  in  a  highly  purified  state 
Triplicate  radioactive  sulfu 
analyses  (S)  were  made  oi 
weighed  amounts  (~6  mg.)  o 
each  purified  component,  P.P* 
and  the  radioactivities  were  cal 
culated  by  means  of  Equation  8 
The  experimental  results,  a 
computed  by  Equation  1,  ar- 
given  in  Table  II.  In  order  t< 
indicate  the  magnitude  of  the  ex 
perimental  error,  each  individua 
determination  has  been  in 


Radioactive  Standardizations.  Approximately  1  mg.  of 
each  of  the  three  radioactive  compounds  was  carefully  weighed 
out  on  a  microbalance  and  oxidized  to  the  sulfate  ion  by  the 
Carius  method.  Each  sample  was  washed  into  its  respective 
100-cc.  volumetric  flask.  Triplicate  3-cc.  aliquots  were  then 
subjected  to  S36  analyses  by  the  procedure  described  elsewhere 
in  detail  ( 3 ). 

Table  I  shows  the  reproducibility  of  these  radioactive  stand¬ 
ardizations  as  measured  by  the  modified  Lauritzen  electro¬ 
scope. 

These  data  show  that  with  care  accurate  radioactive  sulfur 
analysis  can  be  made.  They  also  are  indicative  of  the  purity  of 
the  radioactive  compounds. 

Preparation  op  Radioactive'  Standard  Solution.  About 
15  mg.  of  the  radioactive  sulfide,  sulfoxide,  and  sulfone  were 
weighed  out,  respectively,  to  within  0.05  mg.  This  mixture 
was  placed  in  a  volumetric  flask  and  made  up  to  100  cc.  with  95% 
ethyl  alcohol.  Thus  a  known  volume  of  this  solution  contained 
a  predetermined  weight  of  each  of  the  three  radioactive  com¬ 
pounds.  As  an  additional  check,  triplicate  radioactive  analy¬ 
ses  were  made  on  1-cc.  aliquots  of  this  solution.  The  average 
of  the  activities  obtained  was  within  0.4%  of  that  computed 
from  the  radioactive  standardizations  of  the  individual  com¬ 
ponents. 

Isolation  of  Pure  Portions  of  Each  Compound  (P.P*)  for 
Radioactive  Analysis.  To  an  acetone  solution  containing  the 
mixture,  P,  of  nonradioactive  dibenzyl  sulfide,  sulfoxide,  and 
sulfone  to  be  analyzed,  exactly  10  cc.  of  the  radioactive 
standard  solution,  P*,  were  added.  The  solution  was  well  stirred 
and  the  acetone  and  alcohol  were  evaporated  off.  The  solid  mix¬ 
ture  was  now  ready  for  the  isolation  of  the  pure  portions  of  the 


eluded  in  Table  II.  Thegreates 
deviation  found  between  the  amount  of  dibenzyl  compound  adde< 
and  an  individual  analysis  is  3.2%  (1400  mg.  of  dibenzylsulfon 
added,  1355  mg.  found;  mixture  4).  The  average  per  cent  devia 
tion  between  an  individual  analysis  and  the  amount  of  compoum 
added  is  1.4.  The  maximum  and  average  per  cent  deviation 
between  the  average  of  the  triplicate  analyses  and  the  weight  o 
dibenzyl  compound  added  are  1.8  and  0.7,  respectively. 

Thus  the  accuracy  of  these  data  compares  favorably  with  tha 
obtained  by  using  stable  isotopes  in  isotope  dilution  Procedur- 
II  (D).  It  is  believed  that  with  care  this  error  of  less  than  2°/, 
could  be  duplicated  in  all  analyses,  utilizing  either  radioactiv 
isotope  dilution  Procedure  I  or  II.  Since  there  are  numerou 
analytical  problems  that  cannot  be  solved  readily  in  any  othe 
manner,  the  radioactive  isotope  dilution  method  will  ultimately 
take  its  place  among  the  other  highly  specialized  analytical  tech 
niques. 
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Analytical  Chemistry  of  the  Rare  Earths 

The  Active-Oxygen  Determination 
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\  method  is  described  for  the  measurement  of  the  active  oxysen 
>resent  in  a  mixture  of  United  rare  earth  oxides.  The  procedure  is 
uperior  to  the  classical  Bunsen  method  in  that  no  difficulty  is  en- 
:ountered  in  the  analysis  of  high  ceria  mixtures.  Data  are  given 
or  the  analysis  of  pure  cerium  dioxide,  of  some  cerium  dioxide- 
anthanum  sesquioxide  mixtures,  and  of  pure  praseodymium  oxide. 


IN  GENERAL,  gravimetric  methods  of  analysis  are  based  upon 
a  separation  followed  by  a  final  weighing  of  the  desired  con- 
itituent  in  a  pure  compound  of  known  composition.  However, 
n  the  analysis  of  rare  earth  materials,  separation  of  the  individual 
sarths  is  impractical  and  one  is  faced  with  the  necessity  of  weighi¬ 
ng  a  mixture  which  may  contain  elements  of  the  entire  group. 
Certainly  the  oxalates  of  cerium,  praseodymium,  and  terbium 
rield  upon  ignition  in  air  oxides  containing  more  oxygen  than  can 
>e  accounted  for  by  sesquioxide  formation  (1) ,  and  there  is  some 
n dication  of  a  higher  oxide  of  neodymium  (6).  The  situation  is 
urther  complicated  by  the  possible  influence  of  certain  other 
■are  earths  upon  the  higher  oxides  formed  by  the  elements  men- 
ioned  (£,  3, 5) . 

The  evaluation  of  the  true  rare  earth  metal  content  of  a  mixture 
>f  such  oxides  would  be  greatly  simplified  by  a  method  which  per- 
nitted  direct  measurement  of  the  so-called  “active  oxygen”, 
he  oxygen  present  in  excess  of  that  in  the  sesquioxide.  Correc- 
ion  of  the  weight  of  the  oxide  mixture  would  then  permit  calcu- 
ation  of  an  accurate  metal  content. 

Such  an  analytical  method  would  be  useful  also  in  obtaining 
lata  regarding  the  composition  of  rare  earth  oxides  formed  under 
various  conditions,  both  in  the  pure  state  and  in  mixtures.  Such 
studies  have  been  made  in  this  laboratory  using  the  method  de¬ 
scribed  below  and  will  form  the  subject  of  a  later  paper. 

The  method  of  Bunsen  U)  has  found  wide  application  for  the 
determination  of  higher-valent  cations  in  compounds  similar  to 
the  care  earth  metal  oxides.  Hydrochloric  acid  is  added  to  the 
compound  under  investigation  and  the  chlorine  liberated  by  the 
reaction  is  absorbed  in  a  potassium  iodide  solution.  The  liberated 
iodine  is  then  titrated  with  thiosulfate  solution  in  the  usual  man¬ 
ner. 

Such  a  procedure  is  not  feasible,  however,  if  an  appreciable 
amount  of  cerium  is  present  in  the  mixture  under  investigation. 
Cerium  dioxide,  once  formed,  is  extremely  inert  to  all  but  the 
strongest  reducing  agents  and  even  extended  contact  with  con¬ 
centrated  hydrochloric  acid  results  in  very  little  attack. 


EXPERIMENTAL 

Several  modifications  of  the  Bunsen  method  were  attempted, 
using  both  arsenious  oxide  and  sodium  oxalate  as  reducing  agents. 
The  reaction  rate  between  the  oxides  proved  to  be  too  slow  to  be 
useful,  while  the  conditions  necessary  to  complete  the  reaction 
with  sodium  oxalate  were  so  vigorous  that  appreciable  decom¬ 
position  of  the  oxalate  in  the  sulfurjc  acid  medium  occurred. 

A  simple  procedure  using  potassium  iodide  and  a  modified 
Bunsen  apparatus  was  finally  developed  which  gave  satisfactory 
results. 

The  apparatus  consisted  of  a  125-ml.  Kjeldahl  flask  fitted 
through  a  ground-glass  joint  with  a  water-cooled  reflux  condenser. 
To  the  upper  end  of  the  condenser  was  attached,  by  a  ground- 


glass  joint,  a  tube  bent  to  a  semicircle  and  terminated  with  a 
Bunsen  valve.  When  in  use,  the  valve  was  immersed  in  a  po¬ 
tassium  iodide  solution  contained  in  a  small  beaker. 

An  accurately  weighed  sample  of  the  pure  oxide  or  mixture  of 
oxides  is  placed  in  the  Kjeldahl  flask  and  20  ml.  of  a  10%  potas¬ 
sium  iodide  solution  are  added.  Eighty  milliliters  of  a  4%  solution 
of  potassium  iodide  are  placed  in  the  beaker  to  cover  the  Bunsen 
valve. 

Ten  milliliters  of  12  N  hydrochloric  acid  are  added  to  the  flask, 
the  flask  is  attached  immediately  to  the  reflux  condenser,  and 
the  mixture  is  heated  gently  until  dissolution  of  the  oxide  is  com¬ 
plete.  The  flask  is  cooled,  the  vapor  trap  removed,  and  any 
sublimed  iodine  clinging  to  the  tube  of  the  condenser  is  washed 
into  the  Kjeldahl  flask  with  the  vapor-trap  solution. 

The  solution  is  then  transferred  to  a  500-ml.  Erlenmeyer 
flask,  diluted  to  350  ml.,  and  titrated  to  a  starch  end  point  with 
standard  0.1  N  sodium  thiosulfate  solution. 

A  blank  is  determined  under  conditions  identical  to  those  m 
the  analysis,  using  similar  periods  of  heating  and  volumes  of  solu¬ 
tion.  The  blank  in  no  case  should  exceed  0.5  ml.  The  difference 
between  the  two  volumes  is,  of  course,  equivalent  to  the  iodine 
released  by  the  active  oxygen  present  in  the  sample. 

Active  oxygen  (mg.)  = 

(N  of  Na2S203)  (ml.  of  Na2S203)  (meq.  of  02)  (1) 

Values  obtained  by  the  analysis  of  samples  of  pure  cerium  di¬ 
oxide  with  or  without  admixture  of  pure  lanthanum  sesquioxide 
and  using  the  method  described  are  shown  in  Table  I. 


Table  I.  Active  Oxygen  in  Pure  Cerium  Dioxide  and  in  Cerium 
Dioxide-Lanthanum  Sesquioxide  Mixtures 


Weight  of  Sample 

I  .a^O  3 

Active  Oxygen  Taken 

Active  Oxygen  Found 

Mg. 

% 

Mg. 

Mg. 

194.7 

9.0 

9.0 

285.6 

13.2 

13.3 

202.5 

4.81 

8.9 

8.9 

237.2 

4.81 

10.5 

10.4 

274.0 

25.49 

9.5 

9 . 5 

189.2 

25.49 

6.6 

6.6 

197.1 

49.37 

4.6 

4.7 

170.8 

49.37 

4.0 

4.0 

269.1 

72.91 

3.4 

3.4 

271.2 

72.91 

3.4 

3 . 5 

541.8 

93.88 

1.5 

1.6 

394.6 

93.88 

1.1 

1.2 

COMPOSITION  OF  PRASEODYMIUM  OXIDE 


The  application  of  the  method  is  well  illustrated  by  a  study  of 
the  ignition  product  of  pure  praseodymium  oxalate. 


The  material  used  in  this  investigation  was  purchased  from 
Adam  Hilger,  Ltd.,  98  Kings  Road,  London,  England,  and  bears 
the  laboratory  number  6782.  It  was  obtained  by  Hilger  from 
Professor  Rolla  at  the  University  of  Florence.  Independent 
spectrographic  analyses  by  the  Hilger  laboratory  and  by  V.  W. 
Prandtl  show  impurities  only  of  magnesium  (0.1%)  and  dyspro- 


usual  manner  and,  after  oven-drying,  was  ignited  to  constant 
weight  at  955°  ±  10°  C.  After  cooling,  weighed  portions  of  the 
ignition  product  were  analyzed  as  described  above.  Table  II 
illustrates  the  results  obtained. 


Table  II.  Active  Oxygen  in  Pure  Praseodymium  Oxide 


Weight  of  Sample  Volume  of  0.0459  N  Na2S20j 
Mg.  Ml. 


Active  Oxygen 
Mg.  %  Fraction 


187.4 
143.2 

155.5 


16.47 

12.57 

13.20 


5.98  3.19  0.0319 
4.61  3.22  0.0322 
4.94  3.18  0.0318 


Present  address,  Magnolia  Petroleum  Co.,  Dallas,  Texas. 
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Now,  representing  the  general  formula  of  the  oxide  obtained  as 
PriOj,,  the  ratio  of  y/x  may  be  calculated  by  the  relation 

x  (atomic  weight  of  praseodymium)  + 


y  (atomic  weight  of  oxygen) 


SUMMARY 

A  procedure  for  the  determination  of  active  oxygen  in  mixtures 
resulting  from  the  ignition  of  mixed  rare  earth  oxalates  is  particu¬ 
larly  applicable  to  mixtures  containing  a  high  percentage  of  ceria. 
Additional  proof  of  the  composition  Pr6On  for  the  oxide  formed 
upon  the  ignition  of  pure  praseodymium  oxalate  at  various  tem¬ 
peratures  has  been  obtained. 


140.92  x  +  16.00  y  =  _ _ 1 _ 

x  1  —  fraction  of  active  oxygen 

-  (329.84) 

2 

From  the  data  of  Table  II,  using  the  average  value  0.032  for 
the  fraction  of  active  oxygen,  the  ratio  of  y/x  is  calculated  to  be 
1.84,  a  value  corresponding  to  the  following  formulas: 

Pr407.3e,  PrsOg.ao,  P^On-M,  Pr70i2.ss 

From  the  data  presented,  it  appears  that  the  product  of  the 
ignition  of  pure  praseodymium  oxalate  in  air  at  955°  C.  has  a 
composition  most  closely  approximating  the  formula  Pr6On. 
Ignition  at  temperatures  of  670°  and  780°  C.  had  little  effect 
upon  the  fraction  of  active  oxygen  in  pure  praseodymium  oxide, 
the  values  obtained  in  these  cases  being  0.031. 
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Estimation  of  Ammonium  Picrate  in  Wastes 
from  Bomb-  and  Shell-Loading  Plants 

Some  Reactions  of  Ammonium  Picrate  in  Water  and  Sewage 

C.  C.  RUCHHOFT  and  FRANCIS  I.  NORRIS 

U.  S.  Public  Health  Service,  Division  of  Sanitary  Engineering,  Water  and  Sanitation  Investigations,  Cincinnati,  Ohio 


A  practical  spectrophotometric  procedure  for  determining  the  am¬ 
monium  picrate  content  of  wastes  or  the  ammonium  picrate,  alpha- 
TNT,  and  colored  TNT  in  wastes  containing  all  three  is  presented. 
The  procedure,  which  involves  extinction  readings  at  460  and  505 
mp  after  three  steps  of  treatment  of  the  sample,  is  simple  and  rapid. 
Ammonium  picrate  in  wastes  exhibits  no  biochemical  oxygen  de¬ 
mand  and  in  concentrations  above  300  p.p.m.  inhibits  the  normal 
B.O.D.  reaction  of  polluted  water.  Taste  tests  on  20  people  in¬ 
dicated  that  concentrations  of  1.0  p.p.m.  or  more  of  ammonium 
picrate  are  objectionable  in  drinking  water. 

IN  CONNECTION  with  the  study  of  wastes  from  U.  S.  Naval 
Ammunition  Depots,  the  estimation  of  ammonium  picrate 
wastes  in  streams  and  in  waters  containing  TNT  wastes  was 
necessary.  It  was  also  desirable  to  determine  the  effects  of  am¬ 
monium  picrate  in  such  wastes  on  sewage  disposal  plants  and 
other  disposal  methods,  as  little  is  known  about  the  fate  of  such 
wastes  or  their  effects  on  natural  biological  purification. 

QUALITATIVE  TESTS  FOR  AMMONIUM  PICRATE 

Several  qualitative  and  quantitative  methods  were  investi¬ 
gated  before  the  spectrophotometric  method  was  adopted.  The 
following  tests  were  applied  to  ammonium  picrate  wastes,  with 
the  results  noted. 

1.  The  ammonium  sulfide  reagent  (4)  is  insensitive  to  ammo¬ 
nium  picrate  solutions  under  100  p.p.m. 

2.  The  potassium  thiocyanate  test  (d)_is  sensitive  at  concen¬ 
trations  of  ammonium  picrate  as  low  as  5  p.p.m.  However,  on 
alkalizing  the  solution,  a  brown  color  due  to  the  presence  of  alpha- 
TNT  makes  this  method  unsatisfactory  for  most  cases. 

3.  The  methylene  blue  test  (1 )  is  very  sensitive  to  ammonium 
picrate  if  the  precipitate  obtained  is  extracted  with  chloroform, 


the  shade  of  color  obtained  being  dependent  upon  the  pH  of  th 
water.  As  5  p.p.m.  of  TNT  interfere  with  this  test,  it  is  cor 
sidered  less  satisfactory  than  the  test  with  sodium  hydrosulfit 
which  is  described  belowr. 

4.  According  to  Davis  (8)  guanidine  picrate  is  much  les 
soluble  than  ammonium  picrate.  However,  laboratory  exper 
ments  showed  that  a  quantitative  precipitation  was  not  obtaine 
on  concentrations  of  ammonium  picrate  below  100  pTp.n 
Therefore,  this  test  is  too  insensitive  for  normal  ammonium  pi< 
rate  w'astes. 

5.  The  reaction  with  sodium  hydrosulfite  (2)  and  ammoniui 
picrate,  forming  the  red  picramate,  is  sensitive  to  0.5  p.p.m.  ( 
ammonium  picrate.  TNT  does  not  appreciably  interfere  wit 
this  reaction.  The  color  produced,  however,  is  of  short  duratio 
(1  to  2  minutes)  and  must  be  read  immediately.  Following  ai 
the  details  for  carrying  out  this  test  under  optimum  condition 

Reagents.  Sodium  hydrosulfite  solution,  1.0%.  Dissoh 
1.0  gram  of  sodium  hydrosulfite  in  100  ml.  of  approximately  0 
N  sodium  hydroxide  solution. 

Buffer  solution,  pH  7.2.  Dissolve  134  grams  of  potassiui 
dihydrogen  phosphate  in  several  hundred  milliliters  of  distille 
water.  Add  a  solution  of  normal  sodium  hydroxide  until  a  pH  i 
7.2  is  reached  and  make  up  to  1  liter. 

Procedure.  Add  50-ml.  portions  of  the  sample  to  be  testr 
to  each  of  two  100-ml.  Erlenmeyer  flasks.  If  the  pH  of  the  wat 
is  below  7.0,  add  1  ml.  of  the  7.2  pH  buffer  solution  to  each  flas 
Then  add  1.0  ml.  of  the  sodium  hydrosulfite  solution  to  one  flas 
swirl  the  flask,  and  compare  immediately  with  the  untreatc 
control.  A  white  background  will  facilitate  comparison.  T1 
appearance  of  a  momentary  i>ed  intensification  indicates  that  ar 
monium  picrate  is  present.  With  low.  concentrations  of  ar 
monium  picrate,  immediate  comparison  is  important,  as  the  ri 
color  of  ammonium  picramate  will  fade  within  2  minutes. 

If  a  yellow  intensification  is  noted,  dilute  a  part  of  the  samp! 
treat  with  sodium  hydrosulfite  as  above,  and  compare  with  ! 
untreated  diluted  portion.  A  slight  yellow  to  brown  more  pe 
manent  intensification  indicates  a  large  amount  of  alpha-TN1 
As  the  sensitivity  of  the  test  is  about  0.5  p.p.m.,  a  rough  quan 
tative  estimate  of  the  ammonium  picrate  in  p.p.m.  in  the  samf 
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Tabic  I.  Extinction  Values  of  Ammonium  Picratc  Solutions 


Extinction  at  460  M/z 


Concentrations  of 

In  distilled 

In  solution  of 

In  distilled  water 

Ammonium 

water  (calculated 

300  p.p.m. 

plus  1  gram  of 

Picrate,  P.P.M. 

K  =  0.033) 

of  Na2COs 

Na2C03  per  50  ml. 

0.0 

0.03 

0.03 

0.04 

2.0 

0.10 

0.10 

2.5 

0.11 

0.11 

3.3 

0.14 

0.16 

4.0 

0.16 

0.17 

5.0 

0.20 

0.19 

O'  20 

8.0 

0.29 

0.30 

10.0 

0.36 

0.36 

0.37 

20.0 

0.69 

0.68 

can  be  made  by  multiplying  by  2  the  highest  dilution  giving  a 
positive  test. 

QUANTITATIVE  DETERMINATION  OF  PICRATE  WITH  VISUAL 
SPECTROPHOTOMETER 

After  the  investigation  of  several  quantitative  and  qualitative 
methods,  the  spectrophotometric  method,  was  considered  most 
satisfactory  for  use  on  ammonium  picrate  wastes. 

In  all  spectrophotometric  determinations,  turbidity  must  be 
eliminated  from  the  sample.  This  is  usually  done  by  sedimenta¬ 
tion,  filtration,  or  centrifugation.  If  none  of  these  methods  re¬ 
moves  the  extremely  fine  turbidities  sometimes  encountered  in 
natural  waters,  coagulation  with  alum  can  be  applied.  However, 
this  method  of  clarification  should  be  used  only  as  a  Ust  resort,  as 
it  will  remove  as  much  as  25%  of  ammonium  picrate  or  TNT  in 
dilute  samples  containing  up  to  10  p.p.m.  of  these  materials. 

Ammonium  picrate  in  the  absence  of  TNT  wastes  can  easily  be 
determined  colorimetrically  or  with  the  spectrophotometer.  Al¬ 
though  the  maximum  absorption  occurs  in  the  ultraviolet  range 
at  335  mu,  the  maximum  absorption  in  the  visible  range  can  be 
used  for  practical  purposes.  Using  dilutions  from  a  stock  300 
p.p.m.  solution,  an  absorption  curve  was  first  plotted  and  it  was 
observed  that  maximum  absorption  in  the  visual  range  occurred  at 
460  mji.  Extinction  values  for  dilutions  of  the  stock  solution  in 
distilled  water  and  in  water  containing  300  p.p.m.  of  sodium 
carbonate  were  determined.  The  mean  extinction  values  ob¬ 
tained  are  shown  in  Table  I. 

These  data  indicate  that  the  concentration  of  carbonate  or  bi¬ 
carbonate  present  in  natural  waters  would  have  no  effect  on  the 
extinction  of  ammonium  picrate.  The  increment  of  E  per  p.p.m. 
of  ammonium  picrate  is  small  (0.033) ;  hence,  this  method  of  es¬ 
timating  ammonium  picrate  concentrations  is  less  sensitive  and 
less  accurate  than  the  similar  determination  for  TNT  (5). 
Nevertheless,  concentrations  of  ammonium  picrate  between  2  and 
40  p.p.m.  can  be  estimated  without  dilution.  Stronger  solutions 
can  be  diluted  before  examination.  On  the  basis  of  data  shown 
in  Table  I,  the  concentration  of  ammonium  picrate  n  clear 
solutions  is  obtained  as  follows: 

P.p.m.  =  - ^ -  X  (a) 

where  E,  =  extinction  of  diluted  sample 

Ei,  =  extinction  of  clear  water  blank 
d  =  dilution  factor 

K  =  0.033  =  extinction  per  p.p.m.  of  ammonium  picrate 
for  the  instrument  in  use 

DIFFERENTIATION  AND  ESTIMATION  OF  AMMONIUM  PICRATE  AND 
TNT  WITH  VISUAL  SPECTROPHOTOMETER 

The  method  used  to  differentiate  and  determine  the  quantity 
of  alpha-  and  colored  TNT  present  in  TNT  waste  with  the  spec¬ 
trophotometer  has  been  described  (5).  This  procedure  depends 
upon  a  measurement  of  extinction  at  460  and  505  mu  on  the  clear 
colored  liquid,  followed  by  treatment  of  the  solution  by  sulfite 
and  hydroxide  as  described  and  re-examination  at  460  and  505 
mji.  When  dilute  solutions  of  ammonium  picrate  are  put  through 
this  procedure  for  TNT  determination,  a  color  intensification  is 


also  obtained  by  the  sulfite  hydroxide  treatment.  In  this  case 
there  is  no  great  change  in  the  shape  of  the  absorption  curve  after 
sulfite  treatment,  for  the  solution  continues  to  have  its  highest 
E  values  at  the  lowest  visual  wave  lengths,  with  a  rapid  loss  in 
extinction  before  505  mju  is  reached.  However,  when  the 
sulfite  hydroxide-treated  sample  of  ammonium  picrate  is  acidi¬ 
fied  with  strong  hydrochloric  acid,  the  reaction  as  far  as  absorp¬ 
tion  is  concerned  is  so  different  from  that  with  TNT  solutions  that 
differentiation  is  possible.  When  the  sulfite  hydroxide-treated 
ammonium  picrate  sample  is  acidified,  the  yellow  color  is  reduced 
in  intensity  to  what  it  was  before  the  sulfite  hydroxide  treat¬ 
ment.  With  alpha-TNT  solutions,  acidification  accomplishes 
complete  decolorization.  Colored  TNT  solutions  are  also  almost 
entirely  decolorized  by  the  strong  acid  treatment.  It  would 
seem  reasonable,  therefore,  for  practical  purposes  to  use  the  color 
and  absorption  values  remaining  after  sulfite  and  hydroxide  treat¬ 
ment  followed  by  acidification  as  a  further  step  in  the  analysis 
for  ammonium  picrate.  Acidification  of  the  50-ml.  sample  with 
5  ml.  of  c.p.  concentrated  hydrochloric  acid,  followed  by  a  third 
set  of  extinction  readings  at  460  and  505  m /x,  has  therefore  been 
added  to  the  procedure  previously  described  for  TNT  wastes  for 
analysis  of  shell-  and  bomb-loading  wastes  which  may  also  contain 
ammonium  picrate. 

If  the  sample  is  turbid,  it  is  settled  and  filtered  through  paper 
and/or  centrifuged  until  clear.  If  a  clear  solution  cannot  be  ob¬ 
tained,  the  extinction  determined  on  the  untreated  sample  cannot 
be  used.  If  the  solution  obtained  is  free  from  turbidity,  the  color 
is  due  to  ammonium  picrate,  colored  TNT,  or  organic  matter,  or 
mixtures  of  these,  and  the  clarified  sample  is  examined  at  460  and 
505  m/x.  For  this  examination  the  sample  may  be  diluted,  if 
necessary,  in  distilled  water,  or  better  in  distilled  water  containing 
300  p.p.m.  of  sodium  carbonate.  When  the  extinctions  on  the 
clarified  sample  at  460  him  are  only  slightly  higher  than  at  505 
him,  colored  TNT  (and  possibly  organic  matter)  rather  than  am¬ 
monium  picrate,  are  indicated.  If  the  extinction  at  460  mju  is 
considerably  higher  than  at  505  m/x,  but  finite  values  are  observ¬ 
able  at  both  wave  lengths,  both  ammonium  picrate  and  colored 
TNT  are  probably  present.  Ammonium  picrate  solutions  in 
concentrations  up  to  about  100  p.p.m.  even  undiluted  show  no 
extinction  at  505  m/x,  though  high  E  values  are  given  at  460  m/x. 
Consequently,  if  there  is  a  finite  extinction  at  460  m/x  but  none  at 
505  mji,  only  ammonium  picrate  is  indicated. 

Following  the  examination  of  the  clarified  sample,  a  50-ml. 
portion  is  treated  with  sulfite  and  hydroxide  as  described  for  the 
analysis  of  TNT  wastes;  and  after  filtration  is  diluted  if  neces¬ 
sary  in  the  special  sulfite  hydroxide  dilution  water  and  examined 
at  460  and  505  m/x.  If  there  is  a  new  gain  in  extinction  at  505 
m m  due  to  the  sulfite  hydroxide  procedure  and  if  the  extinction 
after  this  treatment  is  higher  at  505  m/x  than  at  460  m/x,  the  in¬ 
dications  are  that  only  colored  and  alpha-TNT  are  present. 
Under  these  circumstances  the  calculation  for  colored  and  alpha- 
TNT  is  made  as  has  been  described  ( 5 ) . 

If  after  the  sulfite  hydroxide  treatment  the  extinction  at  505 
mu  is  higher  than  before  this  treatment,  but  lower  than  at  460 
m/x  after  treatment,  both  ammonium  picrate  and  TNT  may  be 
indicated;  and  the  final  acidification  step  is  necessary  to  complete 
.  the  analysis.  However,  if  the  extinctions  at  both  wave  lengths 
are  equal  or  are  lower  after  sulfite  hydroxide  treatment  than  be¬ 
fore,  it  indicates  that  ammonium  picrate  is  absent  and  either  (1) 
that  the  higher  original  extinctions  (in  perfectly  clear  samples) 
were  due  to  colored  organic  matter  and  not  to  TNT,  or  (2)  that 
colored  TNT  is  present  and  alpha-TNT  absent.  The  second  ex¬ 
planation  of  the  above  extinction  relationships  has  been  found  to 
be  correct  on  all  water  samples  examined  by  the  authors,  and  the 
first  explanation  was  correct  only  on  some  sewage  effluent  samples. 

In  the  case  of  the  examination  of  relatively  highly  colored 
clarified  sewage  samples,  it  is  best  to  ignore  the  original  extinction 
readings  and  make  the  analysis  on  the  basis  of  the  qualitative 
hydrosulfite  test  for  ammonium  picrate  and  the  extinction  read- 
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Table  II.  Extinction  Characteristics  and  Constant  and  Extinction 
Symbols  for  the  Three-Step  Spectrophotometric  Procedure 


Step  Following 

Clarification 

Sulfite 

Hydroxide 

Treatment 

Acidification 

E  reading  at, 

460 

505 

460 

505 

460 

505 

E  characteristics 

Ammonium  picrate 

+ 

0 

+  + 

+ 

+ 

0 

Colored  TNT 

+ 

+ 

=fc 

=fc 

=t= 

Alpha-TNT 

0 

0 

+ 

+  + 

0 

0 

Symbol  for  E 

Observed  reading 

Eoli 

Eom 

EOL  2 

EOH  2 

Eolz 

EOH  3 

Component  for  ammo¬ 
nium  picrate 

Epli 

0 

Epli 

EPH2 

EpLz 

0 

Colored  TNT 

Ecli 

Ecm 

EcLz 

ECH2 

EcLz 

ECHz 

Alpha-TNT 

o 

0 

EaL2 

E  AH  2 

O 

0 

Symbol  for  specific 
constant  to  be  ap¬ 


Ammonium  picrate 

Kpn 

Kphi  Kplz 

Colored  TNT 

Kcli 

Kcm 

Kcm  . . .  Kcm 

Alpha-TNT 

KaHi  . 

+  =  finite  E  value. 

+  +  = 

E  value  greater  than  +. 

=<=  =  E  value  less  than 

+  . 

o  = 

No  finite  E. 

ings  after  treatment  of  the  sample  with  sulfite  and  hydroxide,  and 
again  after  acidification  for  alpha-  and  colored  TNT. 

If  the  analysis  has  proceeded  through  the  sulfite  hydroxide 
treatment  and  the  question  of  the  presence  of  ammonium  picrate 
remains,  a  50-ml.  portion  after  sulfite  hydroxide  treatment  is 
acidified  with  5  ml.  of  concentrated  c.p.  hydrochloric  acid.  After 
the  acid  has  been  allowed  to  react  for  about  a  minute,  the  sample 
is  examined  again  at  460  and  505  nm.  Complete  decolorization — 

i.e.,  extinction  readings  no  longer  than  the  blank  for  the  machine 
at  460  m^ — indicate  that  both  ammonium  picrate  and  colored 
TNT  are  absent.  If,  however,  a  decided  yellow  color  remains 
and  there  is  a  considerable  fall  in  extinction  from  460  to  505  ru/i, 
ammonium  picrate  is  indicated  and  colored  TNT  may  also  be 
present.  However,  all  ordinary  concentrations  of  ammonium 
picrate  (up  to  about  100  p.p.m.  undiluted)  show  no  extinction  at 
505  mp,  so  that  the  E  reading  at  505  m m  after  acidification  indi¬ 
cates  only  colored  TNT. 

CALCULATION  OF  EXTINCTION  DATA 

To  help  illustrate  how  extinction  data  for  this  procedure  can  be 
readily  interpreted  and  calculated  to  the  various  constituents,  a 
system  of  identification  of  the  extinction  values  for  each  wave 
length  read  and  each  step  in  the  procedure  is  introduced. 

For  this  purpose,  let  us  label  all  observed  extinctions  as  Eo  and 
the  calculated  or  extinction  components  for  ammonium  picrate, 
colored  TNT,  and  alpha-TNT  as  Ep,  Ec,  and  EA,  respectively. 
To  indicate  the  wave  length  at  which  the  readings  were  made, 
we  will  add  H  for  505  mu  and  L  for  460  m/j.  to  the  above  symbols. 
Finally,  to  indicate  whether  the  extinctions  were  read  after 
clarification  (step  1),  sulfite  hydroxide  treatment  (step  2),  or 
acidification  (step  3),  let  us  add  the  figures  1,  2,  and  3,  respec¬ 
tively.  To  illustrate,  Eoli  means  the  observed  extinction  at  460 
m.£t  after  the  first  step;  and  Eah2  means  the  extinction  compo¬ 
nent  for  the  alpha-TNT  at  505  m,u  after  the  second  step  or  the 
sulfite  hydroxide  treatment.  Although  the  Ep,  Ec,  and  Ea 
values  are  not  observed  directly  in  a  mixed  sample,  these  extinc¬ 
tion  components  must  be  obtained  before  the  concentrations  of 
these  constituents  can  be  estimated.  If  however,  the  sample 
contains  only  colored  TNT,  then  Eoli  becomes  also  Ecu- 

In  all  cases  the  constant  or  K  value  must  be  known  for  each 
constituent  at  the  wave  length  and  step  at  which  the  extinction 
component  is  to  be  converted  to  the  con6entration  of  the  compo¬ 
nent.  These  constants  must  be  determined  for  each  machine 
on  a  series  of  diluted  standards  for  the  particular  component, 
step,  and  wave  length  needed.  For  convenience  in  this  discus¬ 
sion,  the  K  values  will  be  lettered  and  numbered  after  the  same 
plan  as  the  extinction  values.  For  instance,  Kpli  means  the  con¬ 
stant  for  a  pure  ammonium  picrate  solution  when  the  extinction 
was  read  after  the  first  step  at  460  mp,  and  KAh2  means  the  con¬ 
stant  for  alpha-TNT  at  505  m/i  after  sulfite  hydroxide  treatment. 

To  indicate  how  the  extinction  values  will  change  in  this  ana¬ 
lytical  procedure,  Table  II  is  presented.  In  this  table  +  indi¬ 
cates  a  finite  extinction  value  for  the  constituent,  ++  indicate 


an  increase  in  extinction,  ±  indicates  a  decrease,  and  0  indicates 
that  a  finite  extinction  is  not  observable. 

A  list  of  equivalents,  conversion  factors,  and  K  values  that 
have  been  determined  on  pure  solutions  in  this  laboratory  is  given 
below.  Although  it  is  believed  that  the  equivalents  and  con¬ 
version  factors  will  hold  for  other  instruments,  the  K  values  will 
vary  with  the  adjustment  of  the  instrument,  and  so  must  be  de¬ 
termined  for  ammonium  picrate,  colored  TNT,  and  alpha-TNT 
solutions.  Although  values  for  these  constants  are  given  here, 
they  cannot  be  used  for  data  on  other  instruments  if  the  highest 
accuracy  is  desired.  It  will  be  noted  that  there  is  some  differ¬ 
ence  in  the  constants  given  here  and  those  given  earlier  (5).  This 
difference  is  due  to  a  readjustment  of  the  instrument  after  a  slight 
accident  in  the  laboratory  and  illustrates  the  possible  variation  in 
constants  with  different  instruments. 


EQUATIONS  AND  FACTORS  FOR  CALCULATIONS 

Eohi  =  Echi  (as  both  picrate  and  alpha-TNT 
have  0.0  E  values  at  505  mu) 

Eoli  =  Epli  +  Ecu 

Eom  =  Eph  2  +  Ecm  +  Eahi 

Ecli  —  Echi  X  1.63 

Echi  =  Echi 

Epm  =  Epli  X  /  or  Epl3  X  / 


(1) 
(2) 

(3) 

(4) 

(5) 

(6) 

where  /  is  a"  factor  depending  upon  the  ammonium  picrate  con¬ 
centration  and  dilution  of  ammonium  picrate; 

Under  20  p.p.m.,  no  dilution,  /  =  1.92 

20  to  300  p.p.m.,  1/i  dilution  or  higher,  /  =  0.3 


P.p.m.  of  colored  TNT  = 


Ecli  —  0.03 


0.170 


X  d 


P.p.m.  of  ammonium  picrate  = 
P.p.m.  of  alpha-TNT  = 


Epli  —  0.03 


0.033 

Eah2  —  0.03 
0.39 


X  d 


X  d 


(7) 

(8) 
(9) 


where  d  in  Equations  7,  8,  and  9  =  the  dilution  factor. 

The  simplest  way  to  complete  the  calculations  when  all  three 
components  are  present  is  on  the  basis  of  Equations; 

1  and  7  for  colored  TNT 

2,  4,  and  8  for  ammonium  picrate 

3,  5,  6,  and  9  for  .alpha-TNT 

Although  at  first  glance  this  spectrophotometric  system  of 
analysis  may  seem  slightly  formidable,  it  is  really  very  simple. 
It  is,  of  course,  subject  to  a  number  of  observational  errors,  but  it 
presents  a  sound  and  practical  procedure  which  enables  the  esti¬ 
mation  of  all  these  constituents  when  they  are  present  together 
and  indicates  the  absence  of  any  one  that  is  not  present. 


BIOCHEMICAL  OXIDATION  OF  AMMONIUM  PICRATE  WASTE 

Concentrations  of  ammonium  picrate  in  wash  waters  and  evap¬ 
oration  ponds  vary  between  100  and  300  p.p.m.  A  series  of  am¬ 
monium  picrate  dilutions  was  made  up  in  1  %  sewage  diluted  with 
mineralized  phosphate  dilution  water  and  containing  concentra¬ 
tions  of  0  to  1000  p.p.m.  of  ammonium  picrate.  This  series  was 
put  up  in  standard  B.O.D.  bottles  and  incubated  at  20°  C. 
B.O.D.  determinations  in  duplicate  were  run  at  the  end  of  2,  3, 
and  5  days’  incubation,  and  residual  ammonium  picrate  concentra¬ 
tions  were  determined  by  the  spectrophotometer  for  each  sample 
after  each  incubation  period.  The  results  are  shown  in  Table  III. 

These  data  indicate:  (1)  that  there  is  no  attack  on  the  above 
concentrations  of  ammonium  picrate  by  the  microflora  of  1% 
sewage  during  the  5-day  incubation  period.  (2)  As  the  maximum 
deviation  from  the  mean  B.O.D.  for  the  first  five  samples  at  each 
incubation  period  was  no  greater  than  10%  (which  is  considered 
a  satisfactory  check  in  B.O.D.  work),  it  is  concluded  that  con¬ 
centrations  of  ammonium  picrate  up  to  100  p.p.m.  have  no  effect 
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n  the  5-day  B.O.D.  of  the  medium.  (3)  With  higher  concentra- 
ons  of  ammonium  picrate,  an  inhibiting  effect  increasing  with 
ae  concentration  of  ammonium  picrate  is  indicated. 

i  determine  the  effect  of  prolonged  incubation  on  the  bio- 
ical  oxidation  of  ammonium  picrate  solutions,  300  p.p.m.  of 
onium  picrate  in  1  %  sewage  were  incubated  for  50  days  and 
J.O.D.  determinations  were  run  at  regular  intervals  during  the 
K'ubation  period.  With  the  concentration  of  ammonium  pic- 
ite  used,  a  lower  B.O.D.  was  found  at  the  5-  and  10-day  Liter¬ 
als  than  that  of  the  control,  but  at  the  end  of  the  20-day  period 
iere  was  very  little  difference.  The  B.O.D.  of  the  ammonium 
icrate  solutions  showed  very  slight  variation  from  the  15th  to 
le  50th  day.  The  concentration  of  ammonium  picrate  as 
leasured  by  the  spectrophotometer  was  practically  unchanged 
i  the  15th  day. 

EFFECT  OF  AMMONIUM  PICRATE  ON  ACTIVATED  SLUDGE 

Fresh  filtered  sewage  containing  300  p.p.m.  of  ammonium  pic- 
ite  was  fed  to  activated  sludge  and  the  usual  determinations 
'ere  made  after  intervals  of  aeration.  The  results  of  this  ex- 
eriment  (Table  IV)  show:  (1)  an  immediate  loss  of  100  p.p.m. 
f  the  ammonium  picrate  dosed,  with  no  further  loss  during  the 
eriod  of  aeration.  (2)  Removal  of  B.O.D.  by  activated  sludge 
'as  retarded  after  2  hours’  aeration.  (3)  No  significant  change 
l  suspended  solids  was  noted. 


Table  V.  Effect  of  Time  on  Reduction  of  Ammonium  Picrate  by 
Domestic  Sewage 


Days 

Total  P.P.M.  of  Reduced  and 
Unreduced  Ammonium  Picrate 

0 

22.0 

1 

10.0 

2 

13.2 

3 

10.5 

5 

10.3 

7 

10.3 

10 

9.7 

15 

9.1 

17 

7.4 

Loss 

14.6 

quired  for  effective  removal.  Only  one  type  of  soil  tested  re¬ 
moved  an  appreciable  amount  of  picrate  on  the  first  portion 
passed  through  and  none  removed  a  finite  amount  of  subsequent 
portions.  Sunlight  had  no  effect  on  ammonium  picrate. 

Potability  of  Drinking  Water  Containing  Ammonium 
Picrate.  Amounts  of  ammonium  picrate  as  low  as  0.5  p.p.m. 
can  be  detected  in  drinking  water  by  taste,  1.0  p.p.m.  becomes 
objectionable,  and  amounts  up  to  3.0  p.p.m.  render  the  water 
unfit  for  human  consumption.  These  results  were  arrived  at 
by  submitting  various  concentrations  of  ammonium  picrate  in 
drinking  water  to  twenty  persons  who  were  unaware  of  the  con¬ 
tents  for  appraisal. 

SUMMARY 


REDUCTION  OF  AMMONIUM  PICRATE  BY  SEWAGE 

Upon  adding  ammonium  picrate  solutions  to  strong  sewages,  a 
iduction  of  the  picrate  was  observed  similar  to  the  reduction  of 
idium  hydrosulfite.  This  reduction  is  dependent  upon  the  con- 
entrations  of  ammonium  picrate  and  sewage  and  the  pH  of  the 
ledium,  the  reaction  proceeding  more  rapidly  at  higher  pH 
alues.  The  color  change  is  from  orange  to  reddish  brown,  and, 
pon  long  standing,  a  large  reduction  in  color  is  noted. 

Removal  of  Ammonium  Picrate  by  Coagulation,  Actu¬ 
ated  Carbon,  Soil  Percolation,  and  Sunlight.  Tests  were 
arried  out  using  the  above  methods  for  removing  ammonium 
icrate  from  the  waste  previously  described.  None  of  the  meth- 
ds  proved  economically  feasible.  Coagulation  resulted  only  in 
■artial  removal.  Large  amounts  of  activated  carbon  are  re- 


able  III.  B.O.D.  and  Ammonium  Picrate  Concentrations  in  a  1% 
Sewage  Dilution  Containing  Increasing  Increments  of 
Ammonium  Picrate 


Ammonium  Picrate  Concentration,  P.P.M.  B.O.D.,  P.P.M. 


Sample 

No. 

Residual  Determined  after 

2 

3 

5 

Dose 

Initial 

2  days 

3  days 

5  days 

days 

days 

days 

Control 

0 

0 

174 

224 

278 

i 

10 

8.1 

7.5 

9.4 

9.6 

172 

223 

275 

2 

20 

17.9 

16.5 

18.9 

18.9 

182 

250 

269 

3 

40 

38.8 

37.6 

40.8 

39.6 

158 

217 

278 

4 

60 

58.3 

56.8 

60.8 

58.3 

173 

223 

265 

5 

100 

97.0 

94.0 

97.9 

102.1 

182 

228 

267 

Mean 

173 

227 

272 

Maximum  deviation  from 

mean 

-15 

+  23 

-7 

Control 

0 

0 

128 

171 

192 

6 

300 

316.0 

316.0 

300.8 

300.8 

111 

149 

162 

7 

600 

635.5 

645.5 

615.0 

625.0 

122 

129 

146 

8 

800 

833.0 

865.0 

833.0 

822.5 

118 

131 

153 

9 

1000 

1083.0 

1000.0 

1166.0 

979.1 

108 

110 

124 

fable  IV.  Effect  of  Ammonium  Picrate  on  Activated  Sludge 


Picrate  Suspended 


5-Day  B.O.D. 

Removal 

Remainin 

%  Solids 

A 

B 

A 

B 

B 

A  B 

P.p.m. 

P.p.m. 

% 

% 

P.p.m. 

P.p.m.  P.p.m. 

'eed 

126.0 

152.0 

325.0 

nitial 

99.0 

101.3 

220.8 

if  ter 

2-hr.  aeration  16.7 

12.0 

83.1 

88.1 

225.0 

if  ter 

4-hr.  aeration  26 . 9 

21.1 

72.8 

79.1 

220.8 

tfter 

6-hr.  aeration  7 . 0 

15.5 

92.9 

84.7 

237.4 

2i55  2065 

wter  24-hr.  aeration  2 . 6 

17.9 

97.3 

82.3 

229.2 

1930  1865 

A  = 

sludge  fed  with  sewage  only. 

B  = 

sludge  fed  with  sewage  plus  300  p.p.m.  of  ammonium  picrate. 

A  simple  colorimetric  or  spectrophotometric  procedure  was 
found  satisfactory  for  estimating  ammonium  picrate  concentra¬ 
tions  in  clear  wash  waters  from  lines  loading  ammonium  picrate. 
If  the  samples  are  turbid,  the  samples  should  be  clarified  by 
filtering,  settling,  and/or  centrifuging  until  free  from  any  tur¬ 
bidity.  Chemical  flocculation  should  not  be  used  for  clarifica¬ 
tion  unless  absolutely  necessary,  for  this  may  remove  some  of  the 
picrate. 

The  qualitative  tests  for  ammonium  picrate  are  reviewed  and 
a  technique  for  a  sodium  hydrosulfite  test  which  will  detect  0.5 
p.p.m.  of  ammonium  picrate  in  the  presence  of  colored  and  alpha- 
TNT  is  presented. 

A  quantitative  three-step  spectrophotometric  procedure  for 
estimating  ammonium  picrate,  colored  TNT,  and  alpha-TNT  in 
mixed  waste  waters  containing  all  three  is  presented.  This  pro¬ 
cedure  depends  upon  extinction  readings  made  at  460  and  505 
mju  on  the  sample  after  3  steps:  (1)  clarification,  (2)  sulfite  hy¬ 
droxide  treatment  procedure  for  TNT  wastes,  and  (3)  acidifica¬ 
tion  of  the  sulfite  hydroxide-treated  portion.  The  procedure  is 
simple  and  direct.  After  the  necessary  constants  have  been  de¬ 
termined  and  the  sample  is  clarified,  it  enables  estimation  of  all 
three  possible  constituents  within  about  30  minutes.  Details  of 
the  procedure  are  given. 

A  study  was  made  of  some  of  the  chemical  and  biochemical 
properties  of  ammonium  picrate  waste.  It  wras  found  that  the 
ammonium  picrate  in  the  waste  has  no  B.O.D.  and  that  it  in¬ 
hibits  the  normal  B.O.D.  reaction  of  sewage  dilutions  when 
present  in  concentrations  over  300  p.p.m.  With  activated  sludge 
a  partial  removal  of  about  30%  of  the  ammonium  picrate  takes 
place  with  the  remainder  inhibiting  the  removal  of  B.O.D.  after 
2  hours’  aeration.  Other  methods  of  treatment  attempted  were 
of  little  practical  value.  Taste  tests  with  a  group  of  people  indi¬ 
cated  that  1  p.p.m.  may  be  considered  the  upper  permissible 
limit  of  ammonium  picrate  in  water  for  human  consumption. 
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Determination  of  Hiding  and  Contrast-Obliterating  Power 

of  Paints 

P.  F.  LUFT,  Alba  S.  A.  Paint  Factory,  Buenos  Aires,  Argentina 


Determination  of  the  hiding  power  of  paints  is  commonly  based  on 
the  application  of  increasing  quantities  of  paint,  until  complete  (or 
the  same  degree  of  incomplete)  concealment  of  a  given  design  is  ob¬ 
tained.  Values  obtained  by  different  procedures  do  not  agree 
and  in  some  cases  are  contradictory:  when  the  quantities  applied 
are  increased,  the  contrast  does  not  increase  in  the  same  ratio  for  dif¬ 
ferent  paints.  For  this  reason,  every  method  based  exclusively  on 
application  of  increasing  quantities  of  paint  should  be  rejected. 

To  determine  hiding  power,  the  paint  should  be  applied  in  nor¬ 
mal  thickness,  establishing  the  degree  of  contrast  between  design 
and  background  which  may  be  completely  obliterated  under  these 
conditions.  This  may  be  done  by  painting  on  sheets  which  have 
a  scale  of  gray  shades  of  increasing  darkness,  on  both  a  black  and  a 
white  background,  and  ascertaining  the  hiding  power  by  two  con¬ 
stants  which  represent  (1)  the  contrast  between  the  black  background 
and  the  lightest  gray  spot  which  may  be  concealed  completely,  and 
(2)  the  contrast  between  the  white  background  and  the  deepest 
gray  which  may  be  concealed  completely,  after  the  paint  is  applied 
in  normal  thickness.  To  avoid  confusion  with  values  obtained  by 
other  methods,  this  type  of  hiding  power  may  be  called  contrast- 
obliterating  power. 

HIDING  power,  according  to  A.S.T.M.  D344,  is  the  ability 
of  a  paint  to  reduce  the  contrast  of  a  black  and  a  white 
surface  to  which  it  is  applied  (2).  According  to  A.S.T.M.  D16, 
it  is  the  power  of  a  paint  to  render  a  surface  invisible  or  to  cover 
it  up,  so  that  it  cannot  be  seen  (3).  This  condition  is  complied 
with  when  designs  on  the  surface  are  completely  concealed. 

These  two  definitions  refer  to  the  two  more  usual  methods  of 
determining  hiding  power.  In  the  first  case,  paint  is  applied  on 
sheets  which  have  black  geometrical  figures  sharply  outlined  on  a 
white  background,  and  the  hiding  power  is  indicated  by  the 
quantity  of  paint  that  just  allows  the  design  to  be  seen  against 
its  background  (method  1).  In  the  second  case,  the  same  test 
charts  may  be  used.  Here  hiding  power  is  defined  as  the  least 
quantity  of  paint  necessary  to  conceal  the  designs  completely 
(method  2). 

In  practice  the  contrast  to  be  concealed  by  a  paint  is  generally 
much  weaker,  and  according  to  the  test,  one  product  may  be 
found  inferior  to  another,  yet  still  good  enough  to  conceal  the 
existing  contrasts,  so  that  in  practice  no  difference  would  be  ob¬ 
served.  For  this  reason,  the  quantity  of  paint  necessary  to 
render  a  design  invisible  is  often  determined  on  test  charts  with 
designs  of  reduced  contrast — for  instance,  dark  gray  figures  on 
a  light  gray  background  (method  3). 

The  results  obtained  with  method  2  are  often  designated  as 
“complete  hiding  power”,  and  those  with  methods  1  and  3  as 
“incomplete  hiding  power”  (4,  5,  6,  11,  13). 

The  quantities  of  paint  required  for  complete  hiding  will  be 
greater  than  those  for  incomplete  hiding,  and  in  the  case  of  in¬ 
complete  hiding  this  quantity  will  be  a  function  of  the  degree  of 
contrast  that  has  been  covered.  But  if  the  values  thus  obtained 
are  to  be  employed  as  a  standard  for  hiding  power,  for  two  differ¬ 
ent  paints  the  ratio  of  the  quantities  of  paint  necessary  to  give 
same  hiding  effect  should  be  constant,  independent  of  the  method 
of  comparison. 

COMPARATIVE  TESTS 

For  comparative  tests,  methods  1  and  2  were  used,  in  the  ex¬ 
pectation  that  No.  3  would  yield  results  similar  to  1. 


Paints  of  different  types,  colors,  and  gloss  were  applied  b 
brush  on  carton  sheets  with  8X5  white  and  black  square 
each  measuring  25  sq.  cm.,  distributed  alternately  on  a  rectangi 
lar  area  of  0.1  sq.  meter.  Several  brushouts  with  increasin 
quantities  of  each  paint  gave  a  series  of  sheets  from  which  the  ca: 
tons  could  be  selected  in  which  the  contrast  of  the  designs  ha 
been  reduced  to  the  same  degree.  These  observations  were  mac 
with  the  naked  eye  after  the  paint  had  dried. 

In  Table  I  are  reproduced  the  results  obtained  with  three  whil 
enamels  of  high  gloss  and  three  red  enamels.  The  tests  whic 
correspond  to  the  same  final  contrast  are  arranged  in  the  san 
horizontal  lines;  lines  1  to  5  and  7  to  10  refer  to  incomplete,  ar 
lines  6  and  11  to  complete  hiding.  In  the  last  two  vertical  co 
umns  are  inserted  the  ratios  of  quantities  necessary  for  the  san 
degree  of  concealing,  which  should  be  constant  for  each  pair  < 
paints.  But  this  condition  is  never  fulfilled.  For  instance,  3 
times  more  of  paint  C  is  needed  than  paint  B  for  the  same  degri 
of  incomplete  hiding  (line  1);  whereas  the  relation  is  1.9  fi 
nearly  complete  hiding  (fine  5)  and  1.5  for  complete  hiding  (hr 
6).  Comparison  of  paints  F  and  E  yields  a  contradictory  resul 
F  is  superior  to  E  if  the  contrast  of  the  surface  designs  is  incor 
pletely  concealed  (line  10),  and  inferior  for  complete  hiding  (lii 
11). 

In  order  to  evaluate  the  significance  of  these  discrepancies,  tl 
variation  in  paint  quantities  which  may  be  determined  for  tl 
same  hiding  effect  should  be  known. 

In  the  case*of  inco.mplete  hiding  power  and  observation  by  tl 
naked  eye  we  can  estimate  this  variation  by  A.S.T.J 
method  D344  (1939)  (2).  This  prescribes  that  the  quantities 
be  applied  on  the  test  charts  shall  increase  by  the  factor  1.15  ai 
that  10  intermediate  values  may  be  estimated;  that  means  th 
the  uncertainty  amounts  to  \/ 15%  =  1.3%.  This  precisio 


Table  I.  Quantities  of  Paint  for  the  Same  Hiding  Degree 


Ratio  of 


Line 

Quantities  of  Paint 

Quantities 

No. 

A  B  C 

Grams/ sq.  meter 

Hiding 

White  Paints 

C  and  A 

C  and 

1 

12.1 

46 

Incomplete,  medium  con¬ 
trast 

•• 

3.8 

2 

15.6 

55 

Incomplete,  medium  con¬ 
trast,  somewhat  less 
than  1 

•  • 

3.5 

3 

20.7 

66 

Incomplete,  medium  con¬ 
trast,  somewhat  less 
than  2 

3.2 

•  • 

4 

115 

166 

Incomplete,  very  small 
contrast 

1.5 

5 

95 

179 

Incomplete,  very  small 
contrast,  somewhat  less 
than  4 

1.9 

6 

180 

D 

157 

E 

235 

F 

Complete 

Red  Paints 

1.3 

F  and 
D 

1.5 

F  an 
E 

7 

32 

45 

Incomplete,  medium  con¬ 
trast 

1.4 

8 

37 

47 

Incomplete,  medium  con¬ 
trast,  somewhat  less 
than  7 

1.3 

9 

40 

— 

50 

Incomplete,  medium  con¬ 
trast,  somewhat  less 
than  8 

1.25 

10 

53 

68 

57 

Incomplete,  medium  con¬ 
trast,  somewhat  less 
than  9 

1.1 

0.8‘ 

11 

230 

265 

280 

• 

Complete 

1.21 

1 . 1: 
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ble  II.  Quantities  of  Paint  for  the  Same  Degree  of  Hiding  (6) 

Ratio  of  Quantities 

Quantities  ~q  Q  (j~ 

une  of  Painta  and  and  and 

STo .  G  H  J  K  Hiding  H  J  K 

Grams/ sq.  meter 


1 

108 

26 

15 

14 

Medium,  contrast 

0.40 

4.2 

7.1 

7.6 

2 

348 

63 

60 

84 

Good,  contrast  0.10 

5.5 

5.8 

4.1 

3 

507 

83 

129 

210 

Complete,  contrast 
0.022 

6.1 

3.9 

2.4 

“  Paints  G,  H,  J,  and  K  correspond  to  products  4,  2,  3,  and  1,  respectively, 
Gordon  and  Gildon. 


iwever,  can  be  expected  only  for  paints  of  exactly  the  same  color 
id  gloss.  The  least  difference  in  these  factors  makes  much  more 
ifficult  the  comparison  of  the  test  charts.  According  to  tests 
irried  out  with  a  great  number  of  persons  of  different  sexes, 
res,  and  occupations,  the  uncertainty  for  red  enamels  of  high 
loss  with  very  few  differences  in  the  red  hue,  is  estimated  as  at 
ast  10%. 

The  difficulty  is  still  greater  if  we  have  to  determine  the  quan- 
ties  necessary  for  completely  concealing  the  designs, 
or  well-known  physiological  reasons,  the  least  contrast  which 
lay  be  perceived  with  the  naked  eye  corresponds  to  a  smaller 
:flectance  ratio  for  shades  of  medium  reflectance  than  for  shades 
f  very  low  or  very  high  reflectance.  On  the  other  hand,  differ- 
aces  in  color  and  gloss  do  not  interfere  in  such  a  pronounced 
lanner,  so  that  paints  of  very  different  color  and  gloss  may  be 
impared.  The  author  estimates  the  variation  in  the  deter- 
lination  of  the  complete  hiding  power  as  at  least  15%. 

This  indicates  that  the  discrepancies  deduced  from  Table  I 
mnot  be  explained  by  test  errors. 

These  results  are  confirmed  by  a  paper  published  by  Gordon 
nd  Gildon  (6),  found  after  the  author’s  experiments  had  been 
ompleted.  [The  author’s  tests  were  made  in  the  second  quarter 
f  1944  during  the  preparation  of  an  Argentine  specification  for  a 
method  of  determining  the  hiding  power  of  paints  ( Norma 
ram,  1072,  in  preparation).  See  Informaciones  Iram,  9,  159 
1945).]  Although  these  authors  do  not  directly  treat  the  prob- 
;m  of  the  present  publication,  useful  values  have  been  extracted 
rom  their  tables  and  curves. 

Gordon  and  Gildon  also  made  brushouts  on  sheets  which  had 
'lack  and  white  squares.  Using  a  photometer,  they  determined 
he  ratio  of  light  reflectance  between  dark  and  light  squares  after 
pplying  increasing  quantities  of  paints  of  different  colors  and 
inishes.  (They  use  the  term  “contrast  ratio”  instead  of  “reflec- 
ance  ratio”,  which  the  author  prefers.)  In  Table  II  are  given 
he  quantities  found  in  their  curves. 

’or  medium  concealment,  leaving  a  medium  contrast  (C  =  0.40; 
AD  =  0.40) 

ror  good  concealment,  leaving  a  little  contrast  (C  =  0.80;  AD  = 
0.10) 

’or  almost  complete  concealment,  leaving  an  almost  impercepti¬ 
ble  contrast  ( C  =  0.95;  AD  =  0.022) 

C  indicates  the  reflectance  ratio  between  the  dark  and  the  fight 
quares  of  the  painted  sheet,  and  AD  the  corresponding  (log- 
irithmic)  contrast. 

Comparing  the  quantities  of  two  paints  necessary  for  the  same 
fiding  effect — that  is,  the  values  in  the  same  horizontal  fine  of 
Table  II — the  ratios  are  not  constant,  nor  do  they  vary  always 
n  the  same  sense,  which  is  in  accordance  with  results  deduced 
rom  Table  I. 

For  example,  on  applying  paint  G  in  a  film  7.6  times  heavier 
;han  K,  Gordon  and  Gildon  obtained  in  both  cases  the  same  con- 
rast  of  A D  =  0.40  between  the  dark  and  the  fight  squares  (line 
L,  Table  II)  ;  on  the  other  hand,  they  needed  only  2.4  times  as 
nuch  of  paint  G  as  of  K  to  render  the  squares  invisible  (line  3) . 
The  comparison  of  paint  H  with  J  and  K  yields  contradictory 
•esults:  H  is  superior  for  covering  the  designs  completely  (line  3) 


and  inferior  for  concealing  them  only  partially  (line  1).  The 
producer  of  paint  H,  consequently,  is  interested  in  determining 
the  “complete”  hiding  power,  whereas  the  manufacturer  of  J  and 
K  will  prefer  the  “incomplete”  hiding  power. 

The  study  of  hiding  power  published  by  the  Baltimore  Club 
(4)  refers  only  to  white  paints,  so  that  its  results  cannot  claim 
such  general  application  as  those  treated  in  Tables  I  and  II. 
Nevertheless  Table  III  gives  the  values  deduced  from  their 
curves. 

The  investigations  were  carried  out  by  brushouts  on  test 
charts  provided  with  black  designs  on  a  white  background. 
These  show  that  the  relative  hiding  power  of’a  paint  depends  on 
the  contrast  which  is  agreed  upon  for  the  comparison.  The 
“H.  O.  lithopone  60%  paint”  is  better  than  the  “lithopone  paint” 
for  contrast  AD  =  0.10,  but  inferior  for  AD  =  0.022.  In  Figures 
4  and  6  of  (4),  the  discrepancies  pointed  out  occur  even  with 
paints  which  contain  the  same  pigment  and  the  same  vehicle, 
the  only  variation  being  the  ratio  between  these  components. 
According  to  Figure  6  the  “H.  H.  lithopone  paint”  with  50% 
pigment  concentration  covers  better  than  that  with  40%  if  a 
reflectance  ratio  of  less  than  0.96  is  to  be  obtained  ( AD  greater 
than  0.018,  “incomplete  hiding”),  whereas  for  a  ratio  greater 
than  0.96  (“nearly  complete  hiding”)  the  40%  paint  is  superior. 

Another  confirmation  of  the  author’s  results  may  be  found  in 
Haslam’s  paper  (7).  He  indicates  that  the  same  quantities  of 
two  different  white  paints,  I  and  II,  are  necessary  to  cover  up  a 
black  background  completely;  but  to  conceal  it  incompletely, 
leaving  the  same  fight  reflectance,  with  both  paints,  he  had  to 
apply  a  greater  quantity  of  II  than  of  I,  the  ratio  depending  on 
the  degree  of  obliteration.  For  this  reason,  Haslam  rejects  the 
determination  of  incomplete  hiding  power. 

According  to  all  the  above  experiments,  it  is  not  permissible 
to  stipulate  a  simple  proportion  for  transforming  incomplete  hid¬ 
ing  power  into  complete  hiding  power,  as  is  assumed  by  the  for¬ 
mula  (5,  p.  25). 

Incomplete  H.  P.  of  sample  complete  H.  P.  of  sample 

incomplete  H.  P.  of  standard  complete  H.  P.  of  standard 

All  the  arguments  adduced  prove  that  the  hiding  power  values 
for  paints  depend  on  the  degree  to  which  the  original  contrast  of 
the  designs  on  the  test  chart  has  been  reduced.  There  is  no  gen¬ 
eral  value  for  the  hiding  power,  neither  absolute  nor  relative,  if 
this  magnitude  is  defined  and  determined  by  the  methods  to 
which  reference  has  been  made  and  which  are  the  most  commonly 
used. 


Table  III.  Quantities  of  Paint  for  the  Same  Degree  of  Hiding  (4) 


Quantities  of  Paint 

C  =  0.80, 

C  =  0.95, 

Figure 

Paint 

A D  -  0.10 

AD  =  0.022 

of  U) 

Grams/ sq.  meter 

Titanium-lithopone,  50% 

3.2 

8.9 

2 

Titanium-barium,  50% 

3.9 

11.2 

4 

H.  O.  lithopone,  60% 

4.1 

12.3 

3 

Lithopone 

4.4 

10.4 

1 

L.  O.  lithopone,  60% 

5.6 

13.2 

5 

H.  H.  lithopone,  40% 

5.7 

12.8 

6 

CAUSES  OF  DISCREPANCIES 

The  causes  of  the  discrepancies  pointed  out  above  are  the  same 
as  those  mentioned  to  explain  the  effect  of  pigment  concentration 
on  hiding  power  (4).  The  concealing  effect  of  a  pigment  depends 
not  only  on  its  quantity  per  unit  area,  but  also  on  its  dispersion 
and  distribution  within  the  layer;  and  the  concealing  behavior 
of  a  paint  coat  is  determined  by  its  fight  absorption  as  well  as  by 
fight  scattering.  If  we  apply  a  greater  quantity  of  paint,  we  may 
expect  the  areal  pigment  concentration  and  its  fight  absorption 
to  increase  in  the  same  ratio,  but  the  scattering  will  change  for 
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each  paint  in  a  different  manner,  thereby  causing  the  discrepan¬ 
cies  mentioned  above. 

The  author  is  indebted  to  Deane  B.  Judd,  National  Bureau  of 
Standards,  for  the  suggestion  that  Kubelka  and  Munk’s  study 
(10)  of  the  relationship  between  light  reflection  and  thickness  of 
homogeneous  layers  might  aid  in  this  investigation.  The  latter 
expounded  an  equation  expressing  this  relationship  by  two  con¬ 
stants:  reflectivity — the  reflectance  of  an  infinitely  thick  speci¬ 
men  of  the  material — and  coefficient  of  scatter.  Judd,  Hickson, 
and  Eickhoff  (9)  showed  that  this  equation  applies  sufficiently 
well  to  white  and  near-white  cold-water  paints.  If  it  could  be 
proved  that  the  theory  of  Kubelka  and  Munk  is  also  valid  for  oil 
paints,  both  glossy  and  flat,  it  would  be  possible  to  base  the 
specification  of  hiding  power  of  paint  simply  on  the  scattering 
coefficient,  and  the  discrepancies  pointed  out  above  would  not 
exist.  This  decision  would  have  to  be  checked  by  brushing  out 
known  quantities  of  paint  over  black  and  white  backings,  and 
measuring  the  reflectances. 

Judd  ( 9 )  gives  a  curve  chart  calculated  by  means  of  the 
Kubelka-Munk  equation,  which  permits  in  a  very  simple  manner 
deduction  of  the  reflectivity  and  the  product  of  thickness  and 
scattering  coefficient,  from  the  ratio  of  the  reflectances  on  black 
and  white  backgrounds  and  from  the  reflectance  on  a  black  back¬ 
ground;  knowing  the  thickness  we  may  calculate  the  scattering 
coefficient.  Once  these  two  constants — reflectivity  and  scatter¬ 
ing  coefficient — are  determined  we  may  find  with  the  aid  of  the 
same  curve  or  the  corresponding  equations,  the  values  of  light 
reflectance  on  any  background  (black,  white,  or  gray)  and  for 
every  desired  thickness  of  film.  These  two  numbers  would,  con¬ 
sequently,  characterize  the  hiding  behavior  of  the  paint  in  a 
general  manner. 

In  practice,  however,  this  method  would  have  two  disadvan¬ 
tages.  Apart  from  the  necessity  for  using  a  reflectometer, 
results  obtained  by  measuring  the  reflectances  with  daylight 
would  be  satisfactory  only  in  the  case  of  white  or  near-white 
paints;  materials  having  highly  chromatic  colors  will  require 
values  of  reflectivity  and  coefficient  of  scatter  as  functions  of 
wave  length  (9). 

SUGGESTED  NEW  METHOD 

General  Principles.  The  determination  of  hiding  power  is 
usually  carried  out  by  applying  increasing  quantities  of  paint, 
until  complete — or  the  same  degree  of  incomplete — concealment 
of  a  design  is  obtained.  In  order  to  secure  the  desired  covering, 
the  paint  must  sometimes  be  applied  in  a  thickness  which  is  far 
from  normal;  values  determined  under  such  extreme  conditions 
are  not  of  practical  interest,  as  they  give  no  indication  of  the 
hiding  behavior  of  the  paints  under  normal  conditions  of 
painting. 

In  view  of  this  fact,  it  seems  best  to  face  the  problem  from  the 
inverse  aspect.  We  should  not  raise  the  usual  question  “what 
thickness  of  paint  is  to  be  applied  for  concealing  a  given  contrast 
(partially  or  completely)?”,  but  should  ask  “which  contrast  may 
be  concealed  when  the  paint  is  applied  in  normal  thickness?”. 

The  A.S.T.M.  method  (2)  is  based  on  this  second  point  of 
view.  But  this  test  has  to  be  carried  out  in  a  rather  inconvenient 
manner  and  for  this  reason  has  not  received  wider  acceptance 
(6).  According  to  this  method,  paint  should  be  applied  in  a 
normal  thickness  on  a  white  sheet  with  black  designs,  and  the 
concealing  degree  determined  by  visual  comparison  with  a  scale 
of  contrasts  obtained  by  brushouts  of  increasing  quantities  of  a 
standard  paint  on  other  sheets  W’hich  have  the  same  designs. 
This  method  is  not  an  absolute  one  and  requires  a  standard 
paint;  satisfactory  results  can  be  obtained  only  with  products 
of  very  similar  hue  and  finish. 

In  order  to  avoid  all  these  inconveniences,  a  new  method  for 
the  determination  of  hiding  power  is  proposed  here.  The  paint  is 
to  be  applied  in  normal  thickness,  establishing  the  degree  of  con¬ 
trast  between  background  and  design  which  may  be  completely 


obliterated  under  these  conditions.  In  order  to  comply  with  thi; 
stipulation,  paint  is  applied  on  test  charts  which  have,  on  both  s 
black  and  a  white  background,  a  scale  of  gray  shades  of  increas¬ 
ing  darkness  and  the  hiding  power  is  ascertained  by  two  con 
stants  which  are  numerically  equal  to  the  value  of  (1)  the  con 
trast  between  the  black  background  and  the  lightest  gray  spot 
which  may  be  concealed  completely,  and  (2)  the  contrast  betweer 
the  white  background  and  the  darkest  gray  spot  which  may  bi 
concealed  completely,  when  the  paint  is  applied  in  a  normal  de 
gree  of  thickness.  As  a  consequence  of  these  definitions,  we  ob 
tain  positive  values  for  the  standards  if  the  test  is  carried  out  on  ; 
black  background,  and  negative  ones  for  tests  on  a  white  back 
ground. 

This  contrast  is  found  as  the  difference  of  the  densities  of  back 
ground  and  gray  spot,  the  density  being  the  negative  logarithn 
of  the  light  reflectance  ratio  of  these  two  areas.  In  consequence 
the  “contrast”  may  also  be  defined  as  the  negative  logarithm  o 
the  ratio  of  the  light  reflections  of  background  and  gray  spot 
Many  papers  indicate  directly  the  numerical  value  of  this  re 
flectance  ratio  (sometimes  called  contrast  ratio,  although  th< 
term  “contrast”  itself  involves  a  ratio)  in  order  to  describe  i 
contrast  between  two  areas,  but  according  to  the  law  of  Webe 
and  Fechner  the  impression  on  the  human  eye  corresponds  to  tb 
densities  and  their  difference,  and  not  to  the  reflectances  and  thei 
ratio. 

Although  the  term  “contrast”  should  be  reserved  for  the  den 
sity  difference,  the  term  “logarithmic  contrast”  is  sometime 
found,  since  this  difference  is  equal  to  the  logarithm  of  the  re 
flectance  ratio  and  in  order  to  differentiate  from  the  “numerica 
contrast”,  which  is  the  numerical  value  of  the  reflection  ratio. 

The  magnitudes  mentioned  are  defined  and  connected  to  on 
another  by  the  following  relations: 

If  I  is  the  intensity  of  the  incident  light,  and  I',  I",  etc.,  ar 
intensities  of  the  reflected  light,  we  have: 

I' 

Light  reflectance:  R'  =  -j 
Density:  D'  —  log  p  =  —  log  R' 

/' 

Reflectance  ratio  (contrast  ratio,  numerical  contrast) :  C  =  p, 

Contrast  (logarithmic  contrast) :  A D  =  D'  —  D"  = 

log  j;  =  -log  ( 

In  scientific  photography  the  magnitudes  “density”  and  (log 
arithmic)  “contrast”  are  used  exclusively,  never  the  “reflectance 
and  their  ratio  (the  numerical  contrast) . 

Whenever  we  wish  to  differentiate  the  reflectances,  densities 
reflectance  ratios,  and  contrasts  which  exist  in  the  surface  to  b 
painted,  from  those  which  exist  in  the  applied  paint  coat,  we  us 

R,  R',  D,  D',  C,  AD,  etc.,  for  magnitudes  which  refer  to  tb 
background 

and 

Rr',  Dd',  Cr',  Dd',  etc.,  for  magnitudes  which  refer  to  tb 
paint  film 

indicating,  for  example,  Dd'  (or  IV 50),  the  density  of  a  paint  file 
which  has  been  applied  on  a  surface,  the  density  of  which  is  D 
(or  0.50). 

To  avoid  confusion  this  type  of  hiding  power  might  be  calle< 
“contrast-obliterating  power”  since  usually  “hiding  -power”  i 
understood  to  be  the  quantity  of  paint  necessary  for  a  definit 
hiding  effect,  whereas  according  to  the  present  method  a  contras 
value  is  used  for  measuring  the  concealing  behavior. 

If  it  is  more  convenient,  the  gray  scale  may  also  be  on  a  uni 
form  gray  background.  In  this  case,  the  hiding  behavior  of  tb 
paint  would  be  characterized  by  two  constants  wrhich  are  numeri 
cally  equal  to  the  contrasts  existing  between  the  gray  back 
ground  and  the  lightest  and  darkest  gray  spots  which  have  beei 
rendered  invisible,  the  first  value  being  a  positive  number  am 
the  second  a  negative  one.  For  reasons  explained  latei 
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this  paper  is  restricted  to  measurements  with  black  and  white 
backgrounds. 

The  new  method  gives  absolute,  not  relative  values  (as,  for 
example,  the  A.S.T.M.  method  and  many  others);  no  standard 
paint  is  necessary.  It  is  independent  of  the  color  and  the  finish 
of  the  paint.  It  may  be  carried  out  in  a  simple  manner,  with  a 
single  application  of  paint,  whereas  for  the  other  proceedings  it  is 
generally  necessary  to  paint  a  greater  number  of  test  charts  in 
order  to  obtain  one  with  the  required  reduction  of  the  original 
contrast.  The  observation  is  carried  out  by  the  naked  eye, 
without  any  optical  instrument,  on  both  fresh  and  dried  films. 

Thus  the  values  of  contrast-obliterating  power  are  not  only 
more  closely  related  to  the  practical  performance  of  the  paint 
than  the  conventional  hiding  power,  but  the  determination  may 
be  carried  out  more  easily. 


tance  that  with  a  4-second  exposure  and  after  normal  develop¬ 
ment,  very  little  blackening  was  brought  about.  With  this  il¬ 
lumination,  the  rows  of  circles  were  exposed,  the  exposure  time 
being  augmented  so  that  each  row  was  blackened  very  little  more 
than  the  preceding  (time  factor  for  film  w7as  \/2).  A  contact 
copy  was  prepared  from  the  negative,  utilizing  a  paper  of  very 
hard  graduation  and  a  special  developer  in  order  to  obtain  blacks 
of  a  high  density.  Adapting  the  exposures  and  developments  to 
the  special  characteristics  of  the  photographic  material,  columns 
of  gray  spots  were  obtained,  varying  from  a  very  light  to  a  very 
dark  gray.  In  order  to  have  the  circles  on  a  white  background 
and  to  obtain  a  white  semicircle,  the  corresponding  part  of  the 
negative  was  covered  with  the  special  photographic  opaque  color 
commonly  used  for  this  purpose. 

If  many  test  charts  are  to  be  prepared  it  is  convenient  to  have 
them  made  by  lithography.  Each  copy  of  the  set  has  the  same 
densities  of  the  white,  gray,  and  black  spots,  and  of  the  back¬ 
grounds,  so  that  the  density  measurements  of  one  test  chart  are 
good  for  all. 
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Figure  1.  Test  Chart  for  Determining  Contrast-Obliterating  Power 

• 

The  Method.  Figure  1  shows  a  gray  scale  prepared  by  pho¬ 
tography,  in  which  the  gray  shades  have  the  form  of  semicircles 
in  order  to  make  observation  easier.  The  first  semicircle  is  white, 
whereas  the  remaining  part  of  the  circle  is  a  very  light  gray. 
The  same  gray  is  repeated  in  the  upper  semicircle  of  the  next 
sphere,  the  adjoining  semicircle  following  with  a  little  deeper  gray. 

In  a  darkroom,  a  fine-grained  film  of  soft  graduation  was  cov¬ 
ered  with  a  carton  perforated  in  a  manner  which  corresponds  to 
the  circles  of  Figure  1.  A  w'eak  light  was  mounted  at  such  a  dis- 


In  this  manner,  the  gray  of  the  semicircles  gradually  increases 
in  darkness,  the  last  one  being  black.  The  gray  of  the  lowrer 
semicircle  is  always  repeated  in  the  upper  part  of  the  next  circle 
in  order  to  facilitate  control  of  the  reading.  This  arrangement 
has  been  repeated  in  four  columns,  two  on  a  white  background, 
and  two  on  a  black.  The  four  semicircles  in  the  same  horizontal 
line  have  the  same  gray,  but  by  a  contrast  effect  those  on  the 
white  backing  seem  darker.  The  vertical  black  lines  and  the 
two  horizontal  black  blocks  have  been  included  so  as  to  make 
possible  controlling  the  uniformity  of  the  paint  film. 

On  the  twrn  frames  are  indicated  the  densities,  D,  of  the  differ¬ 
ent  grays,  determined  by  the  Goldberg  densitometer.  The  con¬ 
trasts,  A D,  which  exist  between  the  black  (left)  and  the  white 
(right)  background  and  each  gray  spot,  are  also  given. 

In  order  to  obtain  satisfactory  results  with  this  method,  it  is 
necessary  to  apply  the  paint  in  a  layer  of  exactly  uniform  thick¬ 
ness.  Such  films  have  been  produced  by  the  use  of  the  Bird  film 
applicator,  otherwise  known  as  the  Bradley  blade.  [In  a  general 
description  of  methods  of  applying  uniform  films  (12),  this  doctor 
blade  is  dealt  with;  a  sketch  of  this  applicator  may  be  seen  in 
Figure  591  of  Gardner’s  publication  ( 5 ).  A  special  method  was 
described  by  Howard  (8).  See  also  (7).] 

This  device  is  an  accurately  machined  steel  bar  with  a  bevel 
edge  and  a  specific  clearance  between  the  edge  and  the  ends.  For 
these  tests  three  different  applicators  were  used,  one  with  a  clear¬ 
ance  of  0.0075  =•=  0.001  mm.  and  a  width  of  5  cm.,  another  with 
a  clearance  of  0.150  =*=  0.002  mm.  and  a  width  of  5  cm.,  and  a 
third  with  a  clearance  of  0.150  =*=  0.002  mm.  and  a  width  of  15 
cm. 

The  thickness  of  the  films  obtained  with  these  blades  depends 
to  a  certain  extent  on  the  characteristics  of  the  paint — for  exam¬ 
ple,  viscosity,  flowing — and  the  manner  of  operating.  But  the 
differences  of  film  thickness  are  not  so  pronounced  as  in  the  case 
of  brush  application. 

Painting  enamels  A  and  D  normally  with  a  brush,  fresh  films 
0.07  and  0.04  mm.  thick,  respectively,  wrere  obtained.  With 
brushouts  well  spread  out,  paint  A  also  gave  a  thickness  of  0.04 
mm.  On  the  other  hand,  the  applicator  rendered  the  same  thick¬ 
ness  with  both  paints,  0.042  mm.  with  the  clearance  of  0.075  mm. 
and  0.074  mm.  with  the  clearance  of  0. 150  mm.  It  may  therefore 
be  assumed  that  the  films  obtained  with  the  two  clearances  of 
0.075  and  0.150  mm.  correspond  for  these  paints  to  a  well  brushed 
out  layer  and  to  a  heavy  coat,  respectively;  which  means  in  both 
cases  the  thickness  of  one  coat  in  the  normal  paint  job. 

In  order  to  have  the  photographic  papers  well  flattened — 
necessary  for  uniform  application  with  the  Bradley  blade — it 
was  fixed  on  a  glass  plate  with  a  nondrying  adhesive  which  could 
be  easily  washed  off  once  the  test  had  been  finished.-  Howard 
(8)  recommends  holding  the  test  charts  flat  by  suction  on  a  plane 
plate-glass  cover  drilled  with  holes. 

Preparation.  Heat  34  parts  of  glycerol  to  the  boiling  point, 
add  51  parts  of  white  dextrin,  mixing  well,  and,  after  cooling,  14 
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parts  of  water  and  1  part  of  turkey  red  oil  or  the  corresponding 
quantity  of  another  wetting  agent. 

Practical  Results.  Figure  2  shows  the  test  chart  after  a 
paint  has  been  applied  in  the  manner  described,  and  in  Table  IV 
are  reproduced  some  results  of  tests.  A  higher  absolute  value 
indicates  that  the  product  has  a  superior  hiding  power,  the  posi¬ 
tive  values  corresponding  to  the  obliteration  of  spots  lighter  than 
the  background,  and  the  negative  ones  to  spots  darker  than  the 
background. 
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Figure  2.  Test  Chart  after  Applying  Paint 

Semicircles  wilh  the  greatest  contrast  which  have  been  completely  obliterated  are 
marked  with  a  cross;  they  correspond  to  a  contrast  AD  =  1.26  on  the  black  back¬ 
ground,  and  greater  than  —0.07  but  less  than  0  on  the  white  background.  If  the 
paint  is  applied  with  a  blade  of  0,075-mm.  clearance,  the  tested  product  is  charac¬ 
terized  by 

COP c— 0-076  on  black  =  1.26 
COP c— 0-076  on  white  >  —  0.07 
<  0.00 


As  the  paints  tested  showed  in  practice  considerable  differences 
in  hiding  behavior,  it  may  cause  surprise  that  according  to  Table 
IV  no  differences  were  found  when  the  products  were  well  sprayed 
out  on  a  gray  scale  appearing  on  a  white  background.  In  this 
case,  the  obliterated  contrast  is  still  smaller  than  that  of  the 
lightest  gray  spot.  If  any  differences  exist,  they  must  be  within 
the  very  small  contrast  range  of  AD  =  0  and  AD  =  —0.05,  and 
therefore  not  determinable  by  the  test  chart.  Applying  the  same 
paint  in  a  thick  coat,  the  obliterated  contrast  is  great  enough  to 


Table  IV.  Contrast-Obliterating  Power  of  Different  Paints 

(Greatest  contrast  obliterated  by  a  paint  film  of  normal  thickness) 
_ Greatest  Contrast  Obliterated _ 

Well  Brushed  Outa  Thick  Coat& 


Paint 

Color 

White 

back¬ 

ground 

D 

Red 

-0.05 

E 

Red 

F 

Red 

—  6.05 

L 

White 

-0.05 

M 

White 

N 

White 

-6.05 

P 

Yellow 

-0.05 

Q 

Bordeaux- 

-0.05 

maroon 

Black 

White 

Black 

back- 

back- 

back- 

ground 

ground 

ground 

0.78 

-0.07 

1.05 

-0.05 

0.58 

0.39 

-0.05 

0.84 

0.72 

-6.05 

1.01 

1.01 

-0.09 

1.15 

0.72 

-0.07 

1.15 

0.36 

-0.59 

0.88 

°  Applicator  clearance,  0.075  mm. 
b  Applicator  clearance,  0.150  mm. 


be  stated  in  this  chart,  but  the  values  for  the  different  products 
are  very  similar  and  give  no  true  picture  of  their  real  hiding  dif¬ 
ferences.  On  the  other  hand,  very  noticeable  differences  exist 
for  the  contrast  values  which  may  be  obliterated  on  the  black 
background,  and  these  results  agree  with  the  differences  of  hiding 
behavior  which  were  observed  in  the  practice  of  painting  for  the 
tested  products.  Consequently,  the  determination  of  contrast- 
obliterating  power  should  be  carried  out  on  a  black  background. 

Table  IV  presents  another  proof  that  the  concealing  power  of  a 
paint  does  not  increase  in  the  same  degree  for  the  different  prod¬ 
ucts  when  applied  with  greater  thickness.  On  the  black  back¬ 
ground,  paints  N  and  P  cover  in  the  same  degree  for  a  “thick 
coat”,  but  for  a  “well  brushed  out”  layer  P  is  very  inferior  to  N. 

An  exceptional  effecthccurs  with  paint  Q.  For  the  lesser  thick¬ 
ness,  Q  has  the  least  contrast-obliterating  power  of  all  products 
on  both  backgrounds;  for  the  greater  thickness,  Q  is  very  supe¬ 
rior  to  all  the  other  paints  of  Table  IV  on  the  white  background, 
but  not  on  the  black.  This  example  proves  the  importance  of 
testing  also  on  a  white  background. 

For  this  reason,  it  is  preferable  to  indicate  two  values  of  con¬ 
trast-obliterating  power,  one  referring  to  a  black  background, 
and  the  other  to  a  white  one  (Figure  2),  but  in  general,  charac¬ 
terizing  a  paint  by  its  contrast-obliterating  power  on  a  black 
background  may  be  sufficient. 

GENERAL  REMARKS 

Gardner  (5)  gives  on  page  19  a  hint  on  the  method  suggested 
here — i.e.,  to  determine  the  degree  of  contrast  which  may  be  com¬ 
pletely  obliterated.  This  proposal  was  apparently  never  put  in¬ 
practice,  for  Gardner  would  have  observed  that  the  test  in  the 
form  suggested  by  him  produces  rather  unsatisfactory  results. 
Gardner  proposes  covering  with  the  test  paint  a  series  of  gray 
blocks  of  increasing  density,  which  alternate  with  white  blocks; 
which  means  a  test  chart  in  which  different  gray  shades  appear 
on  a  white  background.  In  this  way,  as  may  be  seen  from  Table 
IV,  only  very  pronounced  differences  of  hiding  power  can  be  ob¬ 
served.  It  is  imperative  to  observe  the  concealment  of  con¬ 
trasts  between  the  single  gray  degrees  and  a  black  background. 

Others  may  prefer  a  gray  background,  several  gray  backgrounds 
of  different  shades,  or  black  and  white  and  grays,  arguing  that  one 
or  the  other  of  these  proposals  more  nearly  approaches  practical 
conditions.  In  this  case,  however,  the  gray  shades  would  have 
to  be  well  defined,  and  the  advantage  would  possibly  be  annulled 
by  difficulty  of  obtaining  the  shade  agreed  upon  wherever  the 
test  should  be  carried  out. 

Considering  the  fact  that  the  author’s  method  is  designed  for 
practical  purposes,  we  must  limit  to  the  minimum  the  number  of 
constants  used  to  characterize  the  hiding  behavior  and  choose 
among  the  different  possibilities  those  which  may  be  put  in  prac¬ 
tice  in  the  easiest  manner,  because  a  somewhat  less  exact  charac¬ 
terization  is  satisfactory  if  we  may  obtain  a  sufficiently  good  one 
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with  fewer  samples  and  less  work.  Finally,  it  is  shown  below 
that  for  theoretical  reasons  also  the  use  of  gray  backgrounds  is 
inadmissible. 

In  the  test  chart  the  author  has  utilized  ten  gray  shades  as 
well  as  black  and  white.  It  is  not  necessary  to  use  the  same 
graduation  as  in  this  test  chart.  A  finer  graduation  is  possible, 
but  should  not  be  necessary  for  practical  purposes.  If  required, 
intermediate  values  may  be  obtained  by  interpolation. 

Preparing  test  charts  in  different  places,  it  is  certain  that  other 
gray  shades  will  be  obtained  than  those  which  appear  in  the 
author’s  chart.  But  these  changes  are  without  importance  be¬ 
cause  the  contrast-obliterating  power  values  refer  to  the  contrast 
values  which  have  been  determined  for  the  gray  spots,  and  not 
to  the  number  of  spots  obliterated.  These  contrasts  are  defined 
as  differences  of  densities;  the  measurement  need  be  carried  out 
only  once  for  every  set  of  test  charts  and  may  be  done  in  any 
physical  or  scientific-photographic  laboratory. 

The  author  preferred  in  his  test  chart  gray  spots  which  are 
surrounded  by  black  or  white  in  order  to  make  the  observation  of 
obliterating  easier.  Only  a  limited  number  of  contrasts  appears 
in  the  test  chart  (which  according  to  the  author’s  opinion  is  suf¬ 
ficient),  but  it  would  likewise  be  possible  to  use  a  gray  stripe,  the 
depth  of  which  increases  continuously.  Such  a  design  can  be  pre¬ 
pared,  for  example,  by  exposing  a  photographic  material  behind 
a  rotating  opaque  disk  from  which  a  sector  has  been  cut  out,  the 
width  of  which  increased  from  the  center  to  the  periphery  by  a 
factor  which  depends  on  the  characteristics  of  the  photographic 
material. 

The  method  is  to  be  carried  out  with  normal  thickness  of  paint 
film.  This  normal  thickness  is  the  most  convenient  for  applica¬ 
tion,  but  not  necessarily  equal  for  all  products.  It  might  there¬ 
fore  be  better  to  use  a  series  of  applicators  with  corresponding 
clearances  (or  one  with  variable  clearance),  but  the  author  pre¬ 
fers  to  test  paints  of  similar  type  with  the  same  thickness — such 
as  is  obtained  by  the  use  of  an  applicator — because  the  painter 
generally  levels  the  differences  of  the  commercial  products  by 
dilution  and  his  manner  of  working. 

To  avoid  misunderstandings  respecting  thickness,  it  is  advis¬ 
able  to  indicate  the  clearance  of  the  applicator  used,  and  if  the 
paint  has  been  diluted  for  application  to  describe  in  what  manner 
this  has  been  done. 


results  may  be  obtained  from  tests  where  the  film  thickness  is 
very  different.  Quantitative  statements  are  of  interest  for  prac¬ 
tical  purposes  only  if  they  refer  to  entire  coats  of  a  normal  thick¬ 
ness,  because  the  painter  does  not  apply  the  paint  in  a  thickness 
which  is  a  fraction  of  one  coat,  although  he  may  to  a  certain  de¬ 
gree  change  the  paint  quantity  by  dilution  and  manner  of  work¬ 
ing.  The  hiding  behavior  of  films  of  the  thickness  of  a  normal 
coat  is  the  problem  to  be  solved  by  the  suggested  method. 

If  paints  applied  in  normal  thickness  conceal  the  greatest  con¬ 
trast  which  exists  in  the  author’s  test  chart,  they  must  be  con¬ 
sidered  as  best,  and  it  will  be  of  no  practical  interest  if  differences 
arise  in  hiding  behavior  when  these  products  are  applied  in  a 
thinner  coating. 

The  tests  are  not  necessarily  to  be  carried  out  with  the  same 
thickness  for  every  kind  of  paint,  but  the  thickness  should  cor¬ 
respond  to  normal  conditions  of  painting.  This  thickness,  how¬ 
ever,  may  change  within  certain  limits.  For  this  reason,  in  the 
case  of  paints  of  similar  hiding  power,  increasing  quantities  of 
paint  may  be  used,  in  order  to  obtain  values  which  allow  con¬ 
clusions  concerning  the  quantities  which  give  the  same  concealing 
result,  but  only  the  relatively  small  variation  of  thickness  is  per¬ 
mitted  which  corresponds  to  those  occurring  in  the  practical 
paint  job  for  one  coat,  as  a  consequence  of  different  manners  of 
diluting  and  working. 

The  same  result  will  not  always  be  obtained  from  two  coats  of 
thickness  t  as  from  one  coat  of  thickness  2  X  t.  Nor  is  the  rela¬ 
tion  of  hiding  behavior  of  two  paints  the  same  for  one  coat  as 
for  two  coats.  For  this  reason,  it  will  sometimes  be  necessary  to 
determine  the  contrast-obliterating  power  for  one  and  for  two 
coats.  In  this  case  the  first  coat  is  applied  writh  the  applicator 
15  cm.  wide,  and  the  second  one,  after  the  first  one  is  dry, 
with  the  5-cm.  applicator. 

For  example, 

COPo  -  2  x  o.i6o  on  black  =  1.59 

means  that  the  tested  paint,  applied  with  a  doctor  blade  of 
0.150-mm.  clearance  and  in  two  coats,  will  obliterate  a  gray  shade 
on  a  black  background  which  has  a  contrast  of  1.59. 


For  example,  according  to  Table  IV,  paint 
D  should  be  characterized  by 

COPc  =  0-076  on  black  =  0.78 

which  means  that  by  paint  D,  applied  with 
a  blade  of  the  clearance  of  0.075  mm.,  a  gray 
spot  may  be  obliterated  the  contrast  of  which 
is  AD  =  0.78. 

With  the  knowledge  that  the  paint  film  in 
this  case  has  a  thickness  of  0.042  mm.,  the 
same  paint  may  be  described  by 

COPi  =  o.o42  on  black  =  0.78 

Values  obtained  by  the  usual  methods  may 
lead  to  conclusions  concerning  the  quantities 
of  paint  which  give  the  same  concealing  re¬ 
sult,  whereas  the  suggested  method  permits 
no  correlation  with  paint  quantities.  But  the 
experiments  described  at  the  beginning  of  this 
paper  show  that  such  an  advantage  does 
not  exist,  at  least  for  paints  of  greater  hiding 
differences  (and  in  the  case  of  products  of 
little  hiding  differences,  the  method  may  yield 
the  same  correlation).  Results  obtained  with 
a  certain  film  thickness  hold  only  for  that 
particular  thickness,  and  therefore  varying 


Reflectance  of  Background  R«> 

0.02  0.05  0.1  0.5  f  1-0  — /?' 


Calculated  according  to  Kubelka-Munk  theory  with  constants  found  by  Hickson  and  EickholF.  Gray 
areas  correspond  to  threshold  tones  (4,  light  gray;  B,  gray;  C,  dark  gray). 
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Table  V.  Light  Reflectance  of  White  Cold-Water  Paints 

(According  to  Hickson  and  Eickhoff) 

Ratio  of  Re- 


Light  Re¬ 
flectance  of 

Thick-  Paint  on  Black 
Paint  ness  Background 

flectances  on 
Black  and 
White 

Backgrounds 

Reflectance 
of  Infi¬ 
nitely  Thick 
Paint  Film 

Average 

Value 

G./ sq.ft.  Ro 

C  9.89 

R  OO 

oi  2.9“  0.770 
ai  5.8i>  0.860 
c  2 . 9a  0.780 
c  5.8&  0.850 

0.880 

0.960 

0.920 

0.980 

0.940 

0.922 

0.865 

0.875 

0.931 

0.870 

"31  grams  per  sq.  meter. 
f>  62  grams  per  sq.  meter. 

I INTERPRETATION  OF  CONTRAST-OBLITERATING  POWER  By  THE 
KUBELKA-MUNK  THEORY 

Judd,  Hickson,  and  Eickhoff  ( 9 )  haye  proved  that  the  hiding 
behavior  of  white  or  near-white  cold-water  paints  may  be  de¬ 
scribed  by  the  Kubelka-Munk  equation  {10).  It  should  there¬ 
fore  be  possible  to  expound  by  this  theory  the  significance  of  the 
standard  proposed  for  that,  characteristic  of  paints,  at  least  for 
the  paint  type  mentioned.  For  this  study  the  author  took  ad¬ 
vantage  of  Judd’s  equations  and  the  measurements  by  Hickson 
and  Eickhoff  ( 9 ). 

According  to  Judd’s  Equations  2a  and  2b,  the  reflectance 
ratio,  Cr',  may  be  expressed  by  the  following  equation: 


Substituting  in  Equation  3  the  magnitudes  fto  and  Co. so  from 
the  figures  of  Table  V,  we  obtain  the  following  formulas: 

For  paint  ai  and  thickness  2.9  grams  per  square  foot 

„  (1  -  0.704ft')  X  0.770 

Kr'  ~  i  -  0.770ft' 

For  paint  cu  and  thickness  5.8  grams  per  square  foot 

(1  -  0.843ft')  X  0.860 
Kr'  ~  1  -  0.860ft' 

For  paint  c  and  thickness  2.9  grams  per  square  foot 

(1  -  0.712ft')  X  0.780 
Kr'  1  -  0.780ft' 

For  paint  c  and  thickness  5.8  grams  per  square  foot 

(1  -  0.842ft')  X  0.850 
Kb'  “  1  -  0.850ft' 

These  four  expressions  enable  us  to  calculate  the  light  reflect¬ 
ance,  Rr'  of  a  paint  film  of  thickness  2.9  and  5.8  grams  per  square 
foot,  respectively,  which  has  been  applied  on  a  background  the 
reflectance  of  which  is  ft'.  The  results  have  been  used  to  plot 
the  curves  of  Figures  3  and  4.  Since  these  curves  are  intended 
to  expound  an  optical-physiological  phenomenon,  they  are 
plotted  to  a  logarithmic  scale,  according  to  the  law  of  Weber  and 
Fechner.  The  transformation  of  the  (numerical)  reflectances,  ft' 
of  the  background  and  Rr'  of  the  paint  films,  to  the  (logarithmic) 
densities,  D',  of  the  background  and  Dd'  of  the  paint  film  has  to 
be  made  according  to  the  relation: 

Density  =  —log  reflectance 


_  ft0  1  -  ft'fto 

'  “  ft^  “  "  _  ,  ft'(l  -  ft'fto  -  CV  +  ft'CV) 

(1  ~  R  >  +  R"Cr" 


when 


ft'  and  ft"  are  light  reflectance  of  the  background 
Rr'  and  Rr"  are  light  reflectance  of  a  paint  film  applied  on  a 
background,  reflectance  of  which  is  ft'  and  ft",  respectively 
fto  is  light  reflectance  of  a  paint  film  applied  on  a  background,  the 
reflectance  of  which  is  0  (black  background) 


The  curves  of  Figures  3  and  4  represent  the  density,  Dd'  (re¬ 
flectance  Rr')  of  a  paint  film  of  constant  thickness  which  has  been 
applied  on  a  background  of  density  D'  (reflectance  ft'). 

Figure  3  shows  that  paint  a i,  applied  in  a  constant  thickness  ol 
2.9  grams  per  square  foot,  gives  a  density  of  0.113  on  a  black 
background.  On  backgrounds  of  less  depth,  gray  backgrounds, 
this  density  decreases  more  and  more  as  the  background  turns 
lighter,  being  Dd'  =  o  =  0.004  on  an  ideal  white  background. 
The  difference  of  light  reflection,  however,  cannot  be  noticed 
until  the  density  has  become  modified  to  a  certain  degree,  whict 


CR'  =  f^( 

Kr' 


and  Cr" 


fto 

Rr" 


are  reflectance  ratio  (contrast  ratio) 


Equation  1  may  be  written  also  as: 


Rr' 


-( 


1  + 


(1  -  ft "ft0  -  CR")  ft'x 


R"Cr" 


X 


fto 


ft'fto 


(2) 


The  Hickson-Eickhoff  results  refer  to  paint 
applied  on  a  black  and  white  background. 
In  the  latter  case,  the  reflectance  being  ft"  = 
0.80,  we  obtain  for  this  special  case 


Rr'  =  (l  +  — 


0.80ft0  —  Co.su)  ft' 
0.80  C o-8o 


X 


fto 

1  -  ft'fto 


(3) 


From  the  curves  plotted  from  the  Hickson- 
Eickhoff  Tables  V  and  VI,  for  the  values  for 
fto  and  Co.8o  reproduced  in  Table  V  were  ob¬ 
tained.  Indicated  there  is  also  the  “light 
reflectivity”  Rm — that  is,  the  light  reflect¬ 
ance  of  an  infinitely  thick  paint  film — -this 
magnitude  has  been  determined  from  Figure  2 
of  Judd’s  paper. 


Reflectance  of  Background  R<*> 

0.02  0.05  0.1  0.5  1.0-*/?' 


Calculated  according  to  Kubelka-Munk  theory  with  constants  found  by  Hickson  and  Eickhoff.  Shade 
areas  ( A ,  light  gray;  B,  dark  gray)  correspond  to  threshold  zones. 
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D"  White 

l  ' 


also  plotted;  the  reflectance  of  the  paint  film  in 
this  case  being  independent  of  that  of  the  back¬ 
ground,  straight  lines  parallel  to  the  abscissa  are 
obtained. 

If  the  paint  is  applied  on  a  background,  the 
reflectance,  R' ,  of  which  is  just  equal  to  Rm,  the 
resulting  reflectance,  Rr',  of  the  coat  cannot  be 
other  than  the  original  one  of  the  background, 
independent  of  the  film  thickness;  this  means 
that  all  the  curves  plotted  for  different  thicknesses 
must  pass  through  a  point,  the  coordinates  of 
which  are  R'  =  Rm,  Rr’  =  R «,  a  condition 
which  is  sufficiently  well  complied  with  in  Figures  3 
and  4. 

With  the  aid  of  these  curves,  we  may  also 
calculate  contrast-obliterating  power  values  for 
every  gray  background,  as  is  shown  by  the  follow¬ 
ing  example: 


Calculated  From  Figure  3.  Gray  areas  correspond  to  obliteration  of  gray  spots  lighter 
gray  area)  and  darker  (B,  dark  gray  area)  than  background. 


is  commonly  called  “threshold  value”.  The  author  estimates  the 
threshold  contrast  for  this  case  at  approximately  A  Do’  =  0.01. 
Since  the  paint  film  density  on  the  black  background  is  A-vo  = 
0.113,  we  observe,  the  first  reflectance  difference  with  a  film  den¬ 
sity  of  Dd’  =  0.113  -  0.01  =  0.103.  Figure  3  shows  that  such 
a  reflectance  occurs  if  the  paint  has  been  applied  on  a  background 
that  has  a  density  D'  =  0.53.  Therefore,  the  deepest  gray  spot 
that  may  just  be  obliterated  on  a  black  background  of  density 
D'  =  1.70,  has  density  D’  =  0.53,  which  means 


(A,  light  We  observe  in  Figure  3  that  a  paint  film  of  the 

constant  thickness  2.9  grams  per  square  foot  gives 
a  density  Dd’  =  0.097,  if  applied  on  a  gray  back¬ 
ground,  the  density  of  which  is  D'  =  0.40.  The 
threshold  value  being  A  Dd'  =  0.01  we  may,  in  con¬ 
sequence,  expect  to  distinguish  from  this  paint  film  only  coatswhich 
have  densities,  Dd'  greater  than  0.097  +0.01  =  0.107  and  less  than 
0.097  -  0.01  =  0.087.  The  curves  indicate  that  paint  films  of 
densities  D  =  0.107  and  0.087  are  obtained  on  gray  backgrounds 
of  densities  D'  =  0.70  and  D'  =  0.26,  respectively.  That  means: 
if  we  apply  paint  ai  in  a  thickness  of  2.9  grams  per  square  foot  on 
a  gray  background  that  has  a  density  of  £)'  =  0.40,  we  may  ob¬ 
literate  all  spots  darker  than  the  background,  which  have  densi¬ 
ties  between  D'  =  0.40  and  D'  =  0.70,  the  corresponding  densi¬ 
ties  for  spots  lighter  than  the  background  being  between  D'  = 
0.40  and  D'  =  0.26.  Therefore,  we  obtain  the  following  values 
for  the  contrast-obliterating  power: 


COP*  =  2.9  grams  per  sq.  foot  on  black/)'  =  1.70  = 

1.70  -  0.53  =  1.17 

In  order  to  facilitate  these  readings,  dn  Figures  3  and  4  the 
threshold  zones,  which  correspond  to  the  black  background 
(A  =  1.70;  R'  =  0.02)  and  to  the  white  background  (A  = 
0.05;  R'  =  0.89),  are  indicated. 

In  the  manner  described,  the  following  contrast-obliterating 
power  values  were  obtained: 


For  paint  a\  (Figure  3) 

COP(  =  2.9  grams  per  square  foot 


On  black/)'  =  1.70 

1.70  - 

0.53 

= 

1.17 

On  white/)'  =  0.05 

0.05  - 

0.07 

= 

-0.02 

COP( 

=  5.8  grams  per  square  foot 

On  black/)'  =  1.70 

1.70  - 

0.20, 

1.50 

On  white/)'  =  0.05 

0.05  - 

0.11 

= 

-0.06 

For  paint  c  (Figure  4) 

COP(  =  2.9  grams  per  square  foot 

On  black/)'  =  1.70 

1.70  - 

0.36 

1.34 

On  whiteD'  =  0.05 

0.05  - 

0.08 

= 

-0.03 

COP* 

=  5.8  grams  per  square  foot 

On  black/)'  =  1,70 

1.70  - 

0.07 

1.63 

On  white/)'  =  0.05 

0.05  - 

0.25 

= 

-0.20 

According  to  these  results,  paint  c  hides  better  than  ai,  the  dif¬ 
ference  being  not  very  pronounced.  This  agrees  with  the  result 
computed  by  Hickson  and  Eickhoff  on  the  basis  of  amount  re¬ 
quired  for  incomplete  hiding  (method  1).  However,  such  agree¬ 
ment  will  not  always  occur. 

In  order  to  complete  Figures  3  and  4,  the  curves  for  an  infinitely 
thick  layer  of  paint  which  has  reflectance  Rx  (Table  V)  were 


COP*  =  2.9  grams  per  square  foot 

f  0.40  -  0.26  =  0.14 
on  gray/)'  =  o.to  j0  40  _  0.70  =  -0.30 

Of  these  two  values,  as  usual,  the  positive  refers  to  the  oblitera¬ 
tion  of  spots  lighter  than  the  background,  and  the  negative  to 
spots  darker  than  the  background. 

In  the  same  manner,  the  densities,  D” ,  of  the  lightest  and  the 
darkest  gray  spots  which  may  be  obliterated  on  backgrounds  of 
different  gray  shades  were  calculated.  Figure  5  shows  the  re¬ 
sults  for  the  Hickson-Eickhoff  paint,  di,  applied  in  a  thickness  of 
2.9  grams  per  square  foot.  The  areas  which  correspond  to  ob¬ 
literation  are  shaded.  On  a  gray  background  of  D'  =  0.50  all 
spots  which  have  densities  between  D"  =  0.32  and  D"  =  1.24 
are  obliterated,  resulting  in : 

COP(  =  2.9  grams  per  square  foot 

/  0.50  -  0.32  =  0.18 
on  gray/)'  =  0.05  j0  50  _  1  24  =  -0.74 

On  a  gray  background  of  density  D'  =  0.525,  the  obliterated 
gray  spots  may  have  a  density  between  D"  =  0.325  and  D"  = 
1.70 — i.e.,  black — which  means 


COPt  =  2.9  grams  per  square  foot 

/  0.525  -  0.325  =  0.20 
on  gray/)'  =  0.525  \  0.525  -  1.70  =  -1.175 

With  this  background  of  density  D'  =  0.525,  we  have  for  our 
special  case  reached  the  limit  for  the  obliteration  of  spots  darker 
than  the  background.  For  all  backgrounds  with  a  deeper  gray 
density,  we  have  always  the  same  density  value  of  D"  =  1.70 
(black)  for  the  darkest  obliterated  spot.  Carrying  out  the  test 
in  the  areas  beyond  this  limit-density,  we  would  consequently 
find  for  all  paints — independent  of  their  special  characteristics 
and  the  film  thickness — contrast-obliterating  power  value  which 
is  equal  to  the  difference  of  the  density  value  of  the  background 
and  1.70;  for  the  background  with  the  density  D'  =  0.80,  for 
example,  we  would  obtain  in  all  cases  COP  =  0.80  —  1.70  = 
-0.90. 
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The  contrast-obliterating  power  values  obtained  in  the  manner 
described  are  shown  graphically  in  Figure  6.  These  curves,  al¬ 
though  describing  the  special  case  of  white  cold-water  paints,  givq 
a  true  and  very  general  picture  of  the  significance  of  the  contrast- 
obliterating  power.  The  values  are  in  all  cases  very  small  if  a 
white  background  is  used:  the  same  result  obtained  with  experi¬ 
ments  described  above.  On  the  other  hand,  the  calculated 
curves  show — also  in  agreement  with  the  practical  tests  that 
the  contrast-obliterating  power  values  vary  in  a  pronounced 
manner  if  the  contrasts  refer  to  a  black  background. 

The  dot-dash  curve  of  Figure  6  refers  to  the  limit  case,  indicat¬ 
ing  that  the  tests  always  give  the  same  contrast-obliterating 
power  values  for  spots  darker  than  the  background,  for  every 
paint  and  film  thickness,  once  the  limit  depth  of  the  gray  back¬ 
ground  has  been  passed.  In  the  special  case,  these  limits  are 
according  to  Figure  6: 

For  paint  £ii  and  thickness  2.9  grams  per  square  foot 

D'  =  0.53  (R'  =  0.30) 

For  paint  di  and  thickness  5.8  grams  per  square  foot 

D'  =  0.20  (R'  =  0.64) 

For  paint  c  and  thickness  2.9  grams  per  square  foot 

D'  =  0.36  (R'  =  0.44) 

For  paint  c  and  thickness  5.8  grams  per  square  foot 

D'  =  0.07  ( R '  =  0.85) 

It  is  obvious  that  values  obtained  on  backgrounds  which  are 
darker  than  the  indicated  limits  are  of  no  interest  at  all.  Gener¬ 


ally,  we  do  not  know  this  limit.  For  this  reason,  we  should  as¬ 
sume  the  less  favorable  case.  Our  special  curve  indicates  that 
for  the  determination  of  the  obliteration  of  spots  darker  than  the 
background,  this  less  favorable  case  corresponds  to  a  background 
of  density  D'  =  0.07  ( R '  =  0.85)  which  indicates  that  only  a 
white  background  may  be  tolerated.  With  a  darker  background, 
we  run  the  risk  of  obtaining  values  without  any  relation  to  the 
paint  characteristics.  In  every  case  the  test  must  be  rejected  if 
the  difference  between  the  density  value  of  the  background  and 
the  contrast-obliterating  power  value  is  equal  to  the  density 
value  of  the  black  background. 

For  the  determination  of  contrast-obliterating  power,  referring 
to  spots  lighter  than  the  background,  Figure  6  indicates  that  the 
values  for  backgrounds  of  different  reflectance  change  concord- 
antly.  If  these  two  paints  are  representative  of  paints  in  general, 
it  would  follow  that  the  comparison  of  paints  as  to  obliteration  of 
spots  lighter  than  the  background,  on  any  gray  (or  black)  back¬ 
ground,  is  generally  valid  for  every  background.  Since  Figure  6 
shows  that  the  differences  of  obliteration  are  more  pronounced 
on  a  black  background  than  On  a  gray  one,  it  is  recommended 
that  the  tests  be  carried  out  on  a  black  and  not  on  a  gray  back¬ 
ground. 

All  these  conclusions,  derived  from  the  Kubelka-Munk  theory, 
agree  with  the  results.of  practical  investigation: 

The  contrast-obliterating  power  test  should  primarily  be  car¬ 
ried  out  on  a  black  background,  thereby  obtaining  the  most  in¬ 
teresting  values  (which  refer  to  the  obliteration  of  spots  lighter 
than  the  background) . 

In  special  cases,  the  results  on  a  white  background  (which  refer 
to  the  obliteration  of  spots  darker  than  the  background)  may 
also  be  of  interest. 

The  test  on  a  gray  background  brings  no  advantage;  for  spots 
lighter  than  the  background  we  obtain  results  which  agree  with 
those  on  a  black  background  but  are  less  exact,  and  for  spots 
darker  than  the  background,  we  run  the  risk  of  obtaining  values 
which  are  without  any  relation  to  the  paint 
characteristics. 


The  usual  methods  for  determining  hid¬ 
ing  power  of  paints  are  not  entirely  satis¬ 
factory  and  a  new  method  is  proposed  which 
is  more  closely  related  to  practical  per¬ 
formance  of  the  paint. 

The  paint  is  applied  in  normal  thickness— 
for  example,  with  a  Bird  film  applicator — 
on  a  test  chart  provided  with  a  gray  seals 
on  both  black  and  white  backgrounds,  anc 
the  contrast  of  the  lightest  gray  shade 
which  under,  these  conditions  is  obliteratec 
on  the  black  background,  is  considered  as  £ 
standard  of  hiding  behavior,  as  well  as  the 
contrast  of  the  darkest  gray  shade  ob¬ 
literated  on  the  white  background.  Thi; 
method  is  easy  to  carry  out  and  independent 
of  color  and  finish.  No  standard  paint  if 
necessary.  The  observations  may  be  mads 
on  fresh  or  dried  paint,  with  the  nakec 
eye  and  without  instrumental  aid.  Ths 
results  are  obtained  as  absolute  values 
indicating  the  (logarithmic)  contrast  of  ths 
obliterated  spot,  which  is  found  as  the  differ¬ 
ence  between  the  densities  of  the  back 
ground  and  this  spot  on  the  unpaintec 
chart. 

It  is  suggested  that  the  characteristics  o 
the  paint  determined  in  this  manner  bi 
specified  as  contrast-obliterating  power. 

The  practical  results  obtained  in  ths; 
determination  of  the  contrast-obliterating 


0.02  0.05  0.1  0.5 


Upper  pari  of  figure  refers  to  spots  lighter  than  the  background  (AD>0;  C  <  1)  and  lower  part  to  spots 
darker  than  the  background  (AD  <0,-  C  >  1).  Abscissas  of  intersection  points  of  dot-dash  line  with  curves 
indicate  limit  densities  of  background  for  obliteration  of  spots  darker  than  background. 
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power  are  confirmed  by  a  theoretical  study  based  on  the 
Kubelka-Munk  theory. 
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Nomographic  Procedure  for  a  Two-Component 

Colored  System 

Copper  in  a  Nickel  Plating  Bath 

ERNEST  A.  BROWN,  McGean  Chemical  Company,  Cleveland,  Ohio 


A  graphical  procedure  is  described  (or  the  calibration  o(  a  Filter- 
type  electrophotometer  (or  a  mixed-color  system  by  measuring  the 
relative  absorption  at  two  wave  lengths.  A  simplified  method  is 
described  (or  the  construction  o(  a  nomograph  in  terms  o(  electro¬ 
photometer  scale  readings.  The  procedure  is  applied  to  the  mixed- 
color  dithizone  method  (or  copper  in  a  nickel  plating  bath. 

MANY  reactions  giving  colored  products  suitable  for  colori¬ 
metric  analysis  involve  the  treatment  of  two-component 
colored  systems.  The  mixed  color  in  some  cases  may  consist  of 
the  excess  colored  reagent  and  the  colored  product.  In  other 
cases  a  foreign  substance  may  be  present  which  gives  a  colored 
product  with  the  reagent.  In  the  calibration  of  an  electro¬ 
photometer  with  such  a  mixed-color  system  two  general  proce¬ 
dures  have  been  followed;  the  transmittancy  may  be  measured, 
at  one  wave  length  in  the  vicinity  of  the  maximum  absorption  of 
one  of  the  colored  components,  or  at  two  different  wave  lengths 
with  the  development  of  some  relationship  in  the  form  of  simul¬ 
taneous  equations  or  nomograph  for  the  calculation.  The  object 
of  this  paper  is  to  study  the  nomographic  calculation  procedure 
and  attempt  to  simplify  the  calibration  of  a  filter-type  electro¬ 
photometer  for  the  two-color  system. 

The  adaptation  of  a  monocolor  method  to  a  two-component 
color  system  offers  a  number  of  practical  difficulties.  Because  of 
the  broad  absorption  bands  characteristic  of  most  colored  prod¬ 
ucts,  the  two  components  invariably  overlap,  which  makes  it 
necessary  to  carry  out  difficult  separations  or  to  select  less  sensi¬ 
tive  regions  of  the  spectrum  for  the  photometric  measurements. 
If  the  absorption  of  the  colored  reagent  occurs  at  the  wave  length 
selected,  any  variation  in  the  concentration  of  the  reagent  will 
cause  serious  errors  in  the  results.  Unstable  organic  reagents 
which  are  subject  to  fading  or  oxidation  are  especially  trouble¬ 
some.  Standardization  of  each  lot  of  reagent  is  the  usual  pro¬ 
cedure  with  this  type  of  calibration. 

The  mixed-color  dithizone  method  for  copper  ( 8 )  illustrates 
some  of  the  difficulties  encountered  with  this  calibration  method. 
Copper  reacts  with  dithizone  in  dilute  mineral  acid  solutions  (0.1 
N)  to  form  the  red-violet  keto  complex.  The  transmittancy  of 
the  mixed  color  may  be  measured  at  500  to  550  m/x,  the  region  of 
the  maximum  absorption  of  the  copper  dithizonate,  or  at  600  to 


650  m/x,  the  region  of  maximum  absorption  of  the  dithizone  (8). 
The  dilute  dithizone  solutions  customarily  used  (0.001  to  0.0012% 
by  weight  volume)  are  not  very  stable  and  tend  to  change  on 
standing  through  evaporation  or  oxidation  unless  special  pre¬ 
cautions  are  taken.  Since  dithizone  absorbs  in  the  vicinity  of 
650  nm  and  to  a  lesser  extent  at  525  nm,  variations  in  the  con¬ 
centration  of  the  reagent  are  important.  This  makes  it  necessary 
to  standardize  each  lot  of  reagent  and  make  frequent  checks 
against  standards  if  the  reagent  is  kept  for  an  appreciable  time. 
The  monocolor  method  in  which  the  excess  dithizone  is  removed 
with  ammonium  by  hydroxide  ( 1 ,  3)  or  pyrophosphate  (7)  has 
been  used  with  this  system.  The  difficulties  encountered  in  the 
removal  of  the  excess  dithizone  with  ammonia  are  shown  by 
Mehurin  (7)  and  Sandell  (8).  The  development  of  a  calibration 
relationship  in  which  the  final  results  are  independent  of  the 
initial  dithizone  concentration  would  simplify  and  increase  the 
accuracy  of  the  method. 

A  more  permanent  calibration  relationship  may  be  made  by 
measuring  the  relative  absorption  of  light  in  different  spectral 
regions.  This  technique  was  applied  by  Kozelka  and  Ivluchesky 
( 6 )  to  the  determination  of  lead  by  the  dithizone  mixed-color 
method. 

If  Beer’s  law  is  obeyed,  light  of  a  given  wave  length  from  color 
filter  A  passing  through  a  solution  containing  two  colored  com¬ 
ponents  should  be  expressed  by  the  relationship 

LA  =  KxACi  +  K2AC2  (1) 

where  LA  represents  the  log  transmittancy  with  filter  A,  and 
Ci  and  C2  represent  the  concentration  of  the  two  colored  com¬ 
ponents  such  as,  for  example,  dithizone  and  metal  dithizonate. 
The  constants  K\A  and  KiA  depend  on  the  characteristics  of  color 
filter  A,  the  cell  thickness,  and  the  color  of  components  Ci  and  C2. 
Similarly  for  filter  B 

LB  =  KiBCi  +  K,BC\  (2) 

In  practice  only  one  of  the  concentrations  of  the  two  colored 
components  is  desired.  The  other  colored  component,  usually 
the  reagent,  may  vary  somewhat  owing  to  the  difficulties  in  pre¬ 
paring  exact  concentrations  of  intensely  colored  materials  but, 
in  general,  may  be  held  within  reasonable  concentration  limits 
governed  by  the  method.  If  we  let  C2  represent  the  concentra¬ 
tion  of  the  colored  component  to  be  measured,  it  follows  by  com- 

bLA  bLB 

bining  Equations  1  and  2  that  and  -r-^-  are  constants.  This 
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may  be  shown  graphically  by  plotting  log  transmittancy  LA 
obtained  with  filter  A  against  LB  obtained  with  filter  B  on  linear 
graph  paper  as  shown  in  Figure  1.  A  straight  fine  is  formed  for 
a  series  of  standards  containing  the  same  concentration  of  C2  and 
variable  amounts  of  CV.  Such  a  straight  fine  will  establish  a 
relationship  representing  all  the  possible  log  transmittancy 
values  of  LA  and  LB  for  any  given  concentration  of  C2  and  vari¬ 
able  concentrations  of  C i.  The  C i  concentration  limits  may  be 
conveniently  varied  to  give  a  suitable  range  for  the  photometric 
measurements. 

A  nomograph  may  be  prepared  from  the  LA  —  LB  —  C2  rela¬ 
tionship  as  shown  in  Figure  1.  By  selecting  a  fixed  value  for  LA, 
the  LB  values  may  be  obtained  from  the  graph  for  each  known 
concentration  of  C2.  A  series  of  fines  may  be  drawn  in  this  man¬ 
ner,  giving  a  nomograph  similar  to  the  one  given  in  Figure  2. 
Interpolation  may  be  used  for  the  values  of  LA  within  1  or  2  scale 
division  steps  used  in  preparing  the  chart. 

Kozelka  and  Kluchesky  (6)  obtained  this  relationship  by  add¬ 
ing  measured  volumes  of  dithizone  solution  to  the  standard  lead 
dithizonate.  Constants  K  are  calculated  from  the  electrophoto- 
metric  values  of  LA.  Owing  to  the  change  in  concentration  of 
the  metal  complex  brought  about  by  the  change  in  volume  of  the 
organic  solvent,  Taylor’s  expansion  must  be  employed  to  correct 
the  values  for  the  change  in  C2.  This  procedure  is  somewhat 
complicated  and  assumes  no  change  in  the  log  transmittancy 
of  the  metal  dithizonate  at  660  ma,  which  may  not  always  be 
true.  A  simple  procedure  which  eliminates  this  difficulty  would 
be  to  hold  the  volume  of  the  organic  solvent  layer  constant  and 
obtain  variations  in  the  dithizone  concentration  by  dilution  with 
carbon  tetrachloride.  A  stronger  dithizone  solution  may  be  used 
and  the  sum  of  the  volume  of  dithizone  solution  plus  the  solvent 
used  for  dilution  may  be  held  at  a  fixed  value,  such  as,  for  ex¬ 
ample,  10  ml.  Four  or  five  separate  standards  prepared  in  this 
manner  should  suffice  to  establish  a  well-defined  straight  line  for 
the  LA  —  LB  relationship  for  each  increment  of  copper.  A  series 
of  lines  is  shown  in  Figure  1.  Such  a  series  of  lines  represents 
all  the  possible  combinations  of  LA  and  LB  in  the  most  useful 
range  of  dithizpne-copper  dithizonate  concentrations.  From 
this  relationship  obtained  with  the  two  color  filters  a  nomograph 
may  be  prepared  for  any  particular  value  of  LB,  as  in  Figure  2. 

Another  possible  simplification  is  the  establishment  of  the 
relationship  given  in  Equations  1  and  2  in  terms  of  electropho¬ 
tometer  scale  rather  than  log  transmittancy  values.  This  simpli¬ 
fies  the  calculation  and  the  use  of  the  nomograph  given  in  Figure 
2.  The  log  scale  on  the  Fisher  electrophotometer  has  been  de¬ 
scribed  ( 2 ) . 

Copper  is  one  of  the  impurities  frequently  encountered  in  a 
nickel  plating  bath.  Copper  is  especially  objectionable  in  bright 
nickel  plating,  since  darkening  of  the  deposit  may  occur  at  low 
current  density  areas.  Accordingly,  some  rapid  method  for  the 
estimation  of  small  amounts  of  copper  would  be  useful  in  the 
control  of  the  plating  operations.  The  mixed-color  dithizone 
method  with  the  extraction  of  the  copper  as  copper  dithizonate 
from  0.1  A  hydrochloric  acid  solution  has  been  used  by  Knapp 
(5)  for  this  purpose.  Nickel  does  not  form  a  colored  complex 
at  a  pH  of  1.3  to  2.3  and  small  amounts  of  copper  from  0.001  to 
0.05  gram  per  liter  may  be  separated  from  the  nickel  without  inter¬ 
ference.  This  separation  eliminates  the  well-known  sulfide  sepa¬ 
ration  which  has  been  shown  to  offer  a  number  of  difficulties  (4) . 

MATERIALS  AND  REAGENTS 

Electrophotometer.  The  AC  Model  Fisher  electrophotom¬ 
eter  equipped  with  5-mm.  test-tube  type  cells,  525  and  650  ma 
color  filters,  was  used. 

Hydrochloric  Acid,  approximately  0.1  A.  Dilute  8.9  ml. 
of  reagent  grade  acid,  specific  gravity  1.18,  to  1000  ml.  with  re¬ 
distilled  water. 

Carbon  Tetrachloride.  Best  grade  analytical  reagent 
quality  free  from  impurities  that  inhibit  the  reaction  between  the 
dithizone  and  copper  should  be  used.  Check  each  lot  for  ex- 
tractabifity  by  noting  the  shaking  time  required  to  develop  the 
maximum  color.  Mallinckrodt’s  analytical  reagent  grade  was 
found  satisfactory  without  distillation. 


MICROCRAMS  OF  COPPER 


Figure  1.  Photometric  Relationship  at  525  and  650  ma 


Dithizone  Solution.  For  the  calibration  dissolve  12  mg. 
of  diphenylthiocarbazone  in  1  liter  of  carbon  tetrachloride.  For 
the  method  dissolve  1  to  1.2  mg.  in  each  100  ml.  of  carbon  tetra¬ 
chloride.  Store  at  5°  C.  and  prepare  fresh  each  week.  Dithizone 
may  be  obtained  commercially  in  a  high  state  of  purity  or  re¬ 
crystallized  if  necessary. 

Copper  Standard.  Dissolve  0. 1000  gram  of  electrolytic  copper 
foil  in  dilute  nitric  acid  and  dilute  to  1000  ml.  Pipet  10  ml.  into  a 
1000-ml.  volumetric  flask,  add  8.9  ml.  of  hydrochloric  acid,  and 
dilute  to  1000  ml. 


PROCEDURE  AND  APPLICATION 

Calibration.  Prepare  a  series  of  four  or  five  standards  con¬ 
taining  the  same  copper  concentration  by  taking  a  measured 
volume  of  copper  standard  in  125-ml.  separatory  funnels  and 
sufficient  0.1  A  hydrochloric  acid  to  make  the  volume  25  ml. 
Add  10  ml.  of  dithizone  solution  to  one  separatory  funnel,  9  ml. 
of  dithizone  plus  1  ml.  of  carbon  tetrachloride  to  the  second,  8 
ml.  of  dithizone  plus  2  ml.  of  carbon  tetrachloride  to  the  third, 
and  so  forth.  Shake  vigorously  for  3  minutes.  If  a  purple  color 
is  developed  shake  for  2  additional  minutes.  Filter  the  chloroform 
layer  into  the  absorption  cells  through  a  small  pledget  of  cotton 
to  remove  droplets  of  the  aqueous  layer.  Measure  the  A  scale 
or  log  scale,  reading  the  electrophotometer  with  the  525  and  650 
m/i  color  filters,  using  an  absorption  cell  filled  with  carbon  tetra¬ 
chloride  at  0  scale  as  a  reference  standard. 

Repeat  this  procedure  for  each  increment  of  copper.  Five 
different  copper  concentrations  should  suffice  for  the  construc¬ 
tion  of  the  nomograph.  Plot  the  525  ma  electrophotometei 
readings  as  ordinate  against  the  650  ma  readings  as  abscissa  on 
linear  graph  paper.  A  series  of  straight  lines  should  be  formed,  at 
in  Figure  1. 

Prepare  a  nomograph  by  obtaining  from  Figure  1  the  electro- 
photometer  values  for  the  525  ma  photometer  reading  for  a 
given  650  ma  value.  Plot  the  values  for  0,  2,  4,  6,  and  8  micro- 
grams  of  copper  for  each  2  divisions  on  the  650  ma  values. 

To  use  the  nomograph  select  the  particular  line  corresponding 
to  the  650  ma  photometer  value  and  determine  the  intersectioi 
of  this  line  with  the  525  ma  value.  Read  the  copper  concentra 
tion  from  the  abscissa  axis.  For  example,  a  photometer  readinj 


August,  1946 


ANALYTICAL  EDITION 


495 


of  36  at  650  m,u  and  60  at  525  m/r  would  indicate  a  copper  con¬ 
centration  of  6  micrograms. 

Method.  Pipet  a  10-ml.  sample  of  a  nickel  plating  solution 
into  a  100-ml.  volumetric  flask,  and  dilute  to  the  mark  with 
0.1  N  hydrochloric  acid.  Pipet  a  suitable  aliquot  from  1  to  10  ml. 
into  a  125-ml.  pear-shaped  separatory  funnel.  Adjust  the  volume 
to  25  ml.  with  0.1  A  hydrochloric  acid.  Add  exactly  10  ml.  of 
dithizone  solution  and  shake  vigorously  for  3  to  5  minutes. 
Allow  the  layers  to  separate  and  filter  the  colored  carbon  tetra¬ 
chloride  layer  through  a  small  pledget  of  cotton  into  a  photometer 
cell.  Measure  the  transmittancy  against  the  carbon  tetrachlo¬ 
ride  as  a  reference  with  the  525  and  650  m/u  color  filters,  respec¬ 
tively.  Refer  to  the  nomograph  for  the  copper-concent  ration. 

Results.  Known  amounts  of  copper  were  added  to  a  sample 
of  a  Watts  type  nickel  plating  solution  containing  240  grams  per 
liter  of  nickel  sulfate  hexahydrate,  60  grams  per  liter  of  nickel 
chloride  hexahydrate,  and  45  grams  per  liter  of  boric  acid  with 
a  pH  of  3.0.  Traces  of  copper  found  in  the  salts  were  removed 
by  extraction  at  pH  2  with  0.01%  (weight  volume)  dithizone  solu¬ 
tion  in  carbon  tetrachloride  followed  by  washing  with  pure  car- 
bontetrachloride.  The  copper  was  then  determined  on  a  suit¬ 
able  aliquot  by  the  mixed  color  procedure  given  in  the  method. 
The  results  obtained  are  given  in  Table  I. 

DISCUSSION 

The  advantages  in  the  establishment  of  a  relationship  given  in 
the  nomograph  for  a  relatively  wide  range  of  dithizone  concen¬ 
tration  are  readily  apparent.  The  dithizone  carbon  tetrachloride 
solution  may  be  prepared  in  small  quantities  as  needed,  with 
the  approximate  concentrations  governed  by  the  calibration.  In 
this  manner  the  difficulties  due  to  the  oxidation  of  the  reagent 
or  evaporation  of  the  solvent  in  storage  are  avoided.  Checking 
the  calibration  curve  at  frequent  intervals  is  made  unnecessary. 
The  errors  due  to  the  oxidation  of  the  dithizone  to  a  colorless  keto 
form  are  minimized  by  using  freshly  prepared  solutions.  Little 
change  due  to  oxidation  of  the  reagent  was  observed  over  a  1- 
week  period. 


Figure  2.  Nomograph  for  the  Dithizone-Copper  Dithizonate 

System 


Table  I.  Recovery  of  Copper  Added  to  a  Nickel  Plating  Solution 


Sample  Size 

Copper  Added 

Copper  Found 

Difference 

Ml. 

7 

G./l. 

G./l. 

G./l. 

1 

0.0 

0 . 0000 

0.0001 

+  0.0001 

0.0 

0.0000 

0 . 0002 

+  0.0002 

0.8 

0 . 0008 

0.0010 

+  0.0002 

1.8 

0.0018 

0.0019 

+  0.0001 

2.4 

0.0024 

0.0026 

+  0.0002 

6.4 

0.0064 

0 . 0064 

±0.0000 

7.4 

0.0074 

0 . 0076 

+  0.0002 

8.0 

0 . 0080 

0 . 0079 

-0.0001 

0. 1 

.  0.4 

0.004 

0.005 

+  0.001 

1.6 

0.016 

0.016 

±0.000 

2.4 

0.024 

0.022 

-0.002 

3.2 

0.032 

0.033 

+  0.001 

4.4 

0.044 

0.043 

-0.001 

5.6 

0  056 

0.054 

-0.002 

Care  should  be  exercised  in  keeping  the  LA  —  LB  values  within 
the  limits  of  the  experimental  values  given  in  Figure  1,  because 
of  possible  deviations  from  Beer’s  law  with  greater  differences  in 
concentrations.  This  may  be  conveniently  done  by  the  use  of 
dotted  lines  in  the  nomograph  to  cover  values  outside  the  limits 
of  the  experimental  data.  A  rough  check  made  by  measuring 
the  transmittancy  of  the  original  dithizone  solution  with  the  two 
filters,  and  referring  to  the  nomograph  will  aid  in  governing  the 
proper  concentrations. 

Bendix  and  Grabenstetter  (1)  found  a  shaking  period  of  10 
minutes  necessary  in  order  to  obtain  an  equilibrium  between  the 
copper  in  the  acid  aqueous  solution  and  the  copper  dithizonate 
in  the  carbon  tetrachloride  solution.  An  examination  of  several 
lots  of  reagent  grade  carbon  tetrachloride  showed  some  variation 
in  the  extractability  of  the  copper  dithizonate.  Four  out  of  five 
lots  examined  gave  a  maximum  color  development  with  3  to  5 
minutes’  shaking.  One  lot  required  7  minutes  to  establish  an 
equilibrium.  Sandell  ( 8 )  suggests  the  presence  of  traces  of  im¬ 
purities,  probably  sulfur  compounds,  which  tend  to  inhibit  the 
reaction  between  copper  and  dithizone  in  acid  solution.  Since 
serious  errors  may  be  caused  through  failure  to  develop  the 
equilibrium  condition  with  an  insufficient  shaking  period,  each 
lot  of  carbon  tetrachloride  must  be  examined  for  extractability 
by  noting  the  time  required  to  develop  a  maximum  color.  No 
difficulty  was  experienced  in  obtaining  carbon  tetrachloride 
which  developed  a  maximum  color  within  3  to  5  minutes’  shaking. 
The  addition  of  a  small  amount  of  a  wetting  agent  such  as  2  drops 
of  a  1  %  aqueous  solution  of  aerosol  OT  (a  product  of  the  American 
Cyanamid  Company)  tends  to  improve  the  extractability  with¬ 
out  disturbing  the  equilibrium  value. 

Nickel  in  concentrations  up  to  78  mg.  does  not  seriously  inter¬ 
fere  with  the  estimation  of  copper  without  a  preliminary  separa¬ 
tion.  The  results  in  Table  I  show  the  interference  to  be  less 
than  0.2  microgram.  Interfering  metals  that  form  colored  dithi- 
zonates  from  dilute  acid  solutions,  such  as  mercury,  palladium, 
gold,  and  silver,  are  not  likely  to  be  present  in  a  nickel  plating 
bath;  however,  interference  may  be  expected  if  they  are  present. 

The  calibration  procedure  described  could  be  adapted  to  other 
mixed-color  procedures.  The  well-known  dithizone  methods  for 
the  heavy  metals  are  merely  examples  of  the  general  nomographic 
calibration  method.  The  procedure  is  by  necessity  limited  to  a 
two-component  colored  system. 
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Differential  Reduction  of  Iron  and  Tin 

A.  C.  SIMON1,  PATRICIA  S.  MILLER2,  J.  C.  EDWARDS,  and  F.  B.  CLARDY 
Chemical  Laboratory,  Norfolk  Naval  Shipyard,  Portsmouth,  Va. 


A  method  is  described  for  the  titrimetric  determination  of  iron  and 
tin  on  the  same  weighed  sample  of  material.  The  method  is  suitable 
for  bronze  and  other  copper  alloys  containing  less  than  1%  anti¬ 
mony.  After  separation  from  copper,  the  iron  is  reduced  in  an 
inert  atmosphere  with  metallic  nickel  in  cold  dilute  hydrochloric 


THE  method  described  herein  was  developed  to  overcome  the 
usual  difficulties  encountered  in  the  determination  of  iron  in 
bronze  and  similar  alloys  containing  tin.  In  the  nitric  acid  sepa¬ 
ration  of-  tin  as  metastannic  acid,  considerable  iron  is  brought 
down  in  the  precipitate.  For  this  reason,  the  often  described 
procedure  of  separating  iron  as  the  hydroxide,  after  prior  removal 
of  tin,  lead,  and  copper  in  nitric  acid  solution,  will  lead  to  low  re¬ 
sults  in  the  determination  of  iron.  This  error  is  often  neglected 
in  routine  analysis,  on  the  assumption  that  it  is  small.  It  has 
been  found  in  this  laboratory  that  as  much  as  one  half  of  the  total 
iron  present  may  be  held  in  the  tin  precipitate — i.e.,  in  a  sample 
containing  0.0056  gram  of  iron  and  approximately  0.075  gram  of 
tin,  0.0023  gram  of  iron  was  found  in  the  metastannic  acid  pre¬ 
cipitate,  after  careful  washing. 

Of  the  available  methods  for  recovery  of  this  iron  from  the  tin 
precipitate,  the  use  of  hot  ammonium  sulfide  is  perhaps  the  most 
satisfactory.  A  procedure  involving  ignition  of  the  metastannic 
acid,  volatilization  of  the  tin  by  the  use  of  ammonium  iodide  as 
in  the  method  of  Caley  and  Burford  ( 1 ),  and  recovery  of  iron 
from  the  residue  has  also  been  used  with  success.  Both  methods 
are  time-consuming  and  unpleasant  to  use.  In  the  presence  of 
precipitated  tin,  efforts  to  determine  the  iron  by  titration  with 
potassium  dichromate,  using  a  modified  Knop’s  (2)  procedure, 
were  only  partially  successful. 

It  is  customary,  in  this  laboratory,  to  determine  tin  by  the 
method  of  McDow,  Furbee,  and  Clardy  (3).  The  tin  is  collected 
by  precipitation  as  hydroxide  in  ammoniacal  solution,  using 
aluminum  hydroxide  as  a  collector  to  ensure  complete  precipita¬ 
tion  of  the  tin.  Iron  is  also  completely  precipitated  at  this  point 
and  it  was  desirable  to  use  this  sample  for  the  determination  of 
both  iron  and  tin. 

Since  tin  was  subsequently  to  be  determined,  the  reduction  of 
which  necessitated  a  fairly  concentrated  solution,  it  was  desir¬ 
able  that  the  iron  be  reduced  by  a  method  that  would  cause  no 
loss  of  tin  and  would  not  increase  the  volume  materially,  and 
where  the  reagent  used  would  be  without  effect  on  the  titration 
of  iron  and  tin  or  be  easily  removable. 

It  was  found  that  nickel  in  cold  dilute  hydrochloric  acid  solu¬ 
tion  would  effectively  reduce  iron  without  causing  appreciable 
reduction  of  tin.  Since  this  same  reagent  in  hot  concentrated 
acid  is  effective  for  the  reduction  of  tin  and  it  meets  the  require¬ 
ments  outlined  above,  it  appeared  that  nickel  could  be  made  the 
basis  for  a  method  for  the  determination  of  both  tin  and  iron. 
This  assumption  has  been  verified  by  subsequent  investigation. 

REAGENTS  REQUIRED 

Aluminum  Nitrate.  Dissolve  10  grams  of  aluminum  nitrate, 
c.p.  reagent,  in  100  ml.  of  water. 

Potassium  Dichromate.  Stock  Solution.  Dissolve  87.81 
grams  of  c.p.  potassium  dichromate,  K2Cr2C>7,  in  water  and  dilute 
to  1000  ml. 

Standard  Solution.  Dilute  10  ml.  of  the  stock  solution  of 
potassium  dichromate  to  1000  ml.  with  water.  Standardize 

1  Present  address,  Route  1,  Box  H-81,  Leesburg,  Va. 

s  Present  address,  595  Elizabeth  Ave.,  Newark,  N.  J. 


acid  and  titrated  with  potassium  dichromate  solution.  Following 
this,  the  tin  is  reduced  with  metallic  nickel  in  the  hot,  concentrated 
acid,  cooled  under  an  inert  atmosphere,  and  titrated  with  iodine 
solution.  The  method  requires  1.5  hours  for  a  determination  and  is 
suitable  for  routine  analysis. 

against  c.p.  iron.  One  milliliter  of  the  potassium  dichromate 
solution  is  approximately  equivalent  to  0.001  gram  of  iron. 

Mercuric  Chloride.  A  saturated  solution  of  mercuric  chlo¬ 
ride  in  water. 

Sodium  Diphenylamine  Sulfonate.  This  indicator  is  pre¬ 
pared  by  the  method  of  Willard  and  Young  (4).  Dissolve  3.2 
grams  of  c.p.  barium  diphenylamine  sulfonate  in  1000  ml.  of 
water,  add  an  excess  of  sodium  sulfate,  and  filter. 

Nickel,  c.p.  nickel  shot,  less  than  6  mm.  in  diameter. 

Standard  Iodine  Solution.  Dissolve  approximately  11 
grams  of  iodine  and  20  grams  of  potassium  iodide  in  100  ml.  of 
water  and  dilute  to  1000  ml.  Standardize  against  pure  tin,  using 
the  method  of  reduction  described  in  the  text. 

Starch  Solution.  Prepare  a  thin  paste  consisting  of  5  grams 
of  soluble  starch,  10  grams  of  sodium  bicarbonate,  and  water. 
Pour  the  paste  into  300  ml.  of  boiling  water,  and  boil  for  a  minute 
or  two,  with  stirring.  Cool  the  solution  and  dilute  to  1000  ml. 

Phosphoric-Sulfuric  Acid  Reagent.  Mix  carefully  800  ml. 
of  water,  100  ml.  of  sulfuric  (sp.  gr.  1.84),  and  100  ml.  of  phos¬ 
phoric  (sp.  gr.  1.69)  acids. 

METHOD 

Weigh  a  quantity  of  sample,  preferably  containing  not  more 
than  0.10  gram  of  tin  and  not  more  than  0.05  gram  of  iron,  into  a 
300-ml.  Erlenmeyer  flask.  Disregarding  the  formation  of 
metastannic  acid,  add  sufficient  dilute  nitric  acid  (1  to  1)  to  dis¬ 
solve  the  metal.  Boil  to  expel  oxides  of  nitrogen,  dilute  with 
water  to  approximately  100  ml.,  and  add  3  to  5  ml.  of  aluminum 
nitrate  solution.  Cautiously  add  ammonium  hydroxide  until 
the  blue  copper  complex  forms,  then  add  10  ml.  in  excess.  Boil 
gently  to  coagulate  the  mixed  precipitate  of  iron,  aluminum,  and 
tin  hydroxides.  Filter  and  retain  the  precipitate  on  Whatman 
No.  42  or  equivalent  filter  paper,  washing  four  or  five  times  with 
2%  ammonium  hydroxide  to  remove  the  copper  salts. 

Return  the  filter  paper  and  precipitate  to  the  original  flask. 
Add  10  ml.  of  perchloric  acid  (sp.  gr.  1.67)  and  5  ml.  of  nitric  acid 
(sp.  gr.  1.42)  and  heat  gently  to  destroy  the  filter  paper.  (To 
avoid  danger  of  explosion,  nitric  acid  should  be  added  dropwise 
if  solution  turns  dark  or  black.)  Dilute  to  100  ml.,  reprecipitate 
with  excess  ammonia,  filter,  and  wash  precipitate  thoroughly. 
Destroy  paper  as  before  but  add  10  ml.  of  sulfuric  acid  (sp.  gr. 
1.84). 

When  the  organic  matter  is  destroyed,  evaporate  solution  over 
an  open  flame  to  the  appearance  of  sulfur  trioxide  fumes.  Allow 
to  cool. 


Table  1. 

Effect  of  Temperature 

on  Reduction  of  Tin 

Tin 

Present 

Temperature 

Time 

Shaken 

Tin 

Reduced 

Gram 

°  C. 

Min . 

% 

0.06 

6 

15 

20 

0.06 

12 

15 

25 

0.06 

17 

15 

30 

0.06 

23 

15 

60 

Table  II. 

Effect  of  Tin  Concentration  on 

Reduction  of  Tin 

Tin 

Present 

Temperature 

Time 

Shaken 

Tin 

Reduced 

Gram 

°  C. 

Min. 

% 

0.10 

6 

15 

75 

0.06 

6 

15 

20 

0.02 

6 

15 

Trace 

0.01 

6 

15 

Trace 

496 
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Table  III.  Analyses  of  Alloys  of  High  Percentage  Tin 


(Determination  of  blank) 


Bureau  of 

Standards 

Sample  No. 

%  Iron 

Analyses 

Present 

Found 

Difference 

124a  (4.82%  tin) 

6 

0.004 

0.027 

0.023 

52b  (8.00%  tin) 

6 

0.032 

0.057 

0.025 

52  (7.89%  tin) 

3 

0.12 

0.14 

0.02 

63  (9.91%  tin) 

63a  (9.76%  tin) 

3 

0.28 

0.30 

0.02 

3 

0.52 

0.55 

0.03 

Synthetic  Standards 

A  (124a  +  0.05%  iron) 

1 

0.054 

0.073 

0.019 

B  (124a  +  0.10%  iron) 

1 

0.104 

0.127 

0.023 

C  (52b  +  0.05%  iron) 

3 

0.082 

0.105 

0.023 

D  (52b  -j-  0.10%  iron) 

3 

0.132 

0.157 

0.025 

E  (5.00%  tin) 

F  (5.00%  tin) 

2 

0.10 

0.12 

0.02 

2 

0.50 

0.51 

0.01 

G  (5.00%  tin) 

3 

1.00 

1.01 

0.01 

Average  difference  (36  samples),  0.02%. 


DETERMINATION  OF  IRON 

Cautiously  dilute  contents  of  flask  with  water  to  a  volume  of 
50  ml.,  add  15  ml.  of  concentrated  hydrochloric  acid,  and  boil 
ntil  solution  is  clear.  Remove  to  water 
•ath.  Add  solid  carbon  dioxide.  Cool 
elow  20°  C.  in  ice  bath,  add  approxi- 
lately  30  grams  of  small  nickel  shot, 
lose  flask  with  rubber  stopper  as  last 
amps  of  carbon  dioxide  disappear,  and 
hake  vigorously  on  a  mechanical  shaker 
or  15  minutes.  Chill  again  in  ice  bath 
,nd  decant  the  solution  into  a  500-ml. 
ial-mouth  extraction  flask.  Wash  the 
lickel  shot  twice  by  decantation  with 
mall  portions  of  cold  water.  Reserve 
he  nickel  shot  for  the  tin  determination. 

To  the  reduced  iron  solution  add  10 
nl.  of  mercuric  chloride  solution,  3  drops 
>f  sodium  diphenylamine  sulfonate  as 
ndicator,  and  20  ml.  of  the  sulfuric- 
ihosphoric  acid  reagent.  Titrate  the 
olution  with  standardized  potassium 
lichromate  to  the  appearance  of  a  purple 
:nd  point  which  persists.  In  high  tin 
dloys  a  blank  correction  of  0.02%  must 
ie  subtracted. 

Return  the  reserved  nickel  shot  to 
;he  solution,  add  60  ml.  of  hydrochloric 
icid,  and  proceed  with  the  tin  determi- 
lation. 

DETERMINATION  OF  TIN 

The  method  used  for  the  determination 
}f  tin  was  substantially  as  described  by 
McDow,  Furbee,  and  Clardy  (8). 


containing  a  large  amount  of  tin  this  reduction  should  be  mini¬ 
mized  by  cooling,  so  that  the  amount  of  mercuric  chloride  will 
be  ample  to  affect  its  purpose. 

Table  II  shows  the  per  cent  of  tin  reduced  in  an  inert  atmos¬ 
phere  by  shaking  with  nickel  shot.  As  the  concentration  of  tin 
increases,  the  percentage  reduction  becomes  greater. 

Table  III  establishes  a  correction  factor  when  high-percentage 
tin  alloys  are  encountered.  This  blank  of  0.02%  is  presumably 
due  to  the  increased  amount  of  mercurous  chloride  because  of  the 
reaction  of  the  larger  amount  of  stannous  salts  with  mercuric 
chloride. 

Table  IV  establishes  the  accuracy  of  the  method  in  simple 
bronzes  and  brasses,  manganese  bronze,  phosphor  bronze,  and 
samples  containing  up  to  1%  antimony.  (Pure  samples  of  anti¬ 
mony,  0.01,  0.05,  and  0.10  gram,  which  were  treated  according 
to  the  prescribed  procedure,  required  0.1,  0.4,  and  1.3  ml.  of  the 
titrating  solution,  respectively.)  Out  of  fifty-five  analyses  the 
maximum  deviation  was  less  than  ±0.02%  on  samples  contain¬ 
ing  as  much  as  1  %  iron. 


Table  IV.  Determination  of  Iron  and  Tin 


%  Iron 

%  Tin 

Max. 

No. 

Max. 

devia- 

Pres- 

of 

devia- 

Pres- 

Bureau  of  Standards  Sample 

Detna. 

tion 

ent 

Found 

Detns. 

tion 

ent 

Found 

3 

0.00 

0.29 

0.29 

4 

0.02 

1.01 

1.00 

4 

0.01 

0.21 

0.21 

3 

0.01 

0.99 

1.00 

Manganese  bronze  No.  62 

3 

0.01 

1.13 

1.13 

4 

0.01 

0.82 

0.81 

Manganese  bronze  No.  62a 

3 

0.01 

1.04 

1.04 

4- 

0.01 

0.84 

0.83 

Manganese  bronze  No.  62b 

4 

0.02 

0.82 

0.82 

4 

0.00 

0.97 

0.97 

Effect  of  Antimony 

Cast  bronze  No.  52  (0.16%  Sb)° 

3 

0.00 

0.12 

0.12 

2 

0.03 

7.90 

7.89 

Phosphor  bronze  No.  63  (0.55% 
Sb)a 

3 

0.01 

0.27 

0.28 

3 

0.02 

9.91 

9.91 

Phosphor  bronze  No.  63a 

(0.49%  Sb)° 

3 

0.01 

0.52 

0.53 

2 

0.04 

9.76 

9.74 

Synthetic  Samples 

Sample  A  (0.20%  Sb) 

2 

0.02 

0.50 

0.49 

. 

•  • 

•  • 

Sample  B  (0.50%  Sb) 

2 

0.01 

0.50 

0.50 

Sample  C  (1.00%  Sb) 

2 

0.01 

0.50 

0.50 

Effect  of  Tin 

Sample  D  (0.00%  Sn) 

2 

0.01 

0.10 

0.11 

Sample  E  (0.00%  Sn) 

2 

0.02 

0.50 

0.49 

Sample  F  (0.00%  Sn) 

4 

0.02 

1.00 

0.99 

Sample  G  (1.00%  Sn) 

2 

0.01 

0.10 

0.11 

Sample  H  (1.00%  Sn) 

2 

0.01 

0.50 

0.51 

'  Sample  I  (1.00%  Sn) 

4 

0.01 

1.00 

1.00 

Sample  J  (5.00%  Sn)a 

2 

0.02 

0.10 

0.10 

Sample  K  (5.00%  Sn)° 

2 

0.01 

0 . 50 

0.49 

Sample  L  (5.00%  Sn)a 

3 

0.02 

1.00 

0.99 

*•* 

a  See  Table  III. 


The  apparatus  was  modified  to  make  use  of  a  500-ml.  vial- 
mouth  extraction  flask  and  consisted  of  a  heating  element,  the 
extraction  flask,  a  one-hole  No.  10  rubber  stopper  and  a  glass 
tube  suitably  bent  so  that  it  extended  from  the  flask  to  a  beaker 
containing  water  or  the  sodium  bicarbonate  solution. 

The  500-ml.  extraction  flask,  containing  the  tin  solution,  nickel 
shot,  and  hydrochloric  acid,  is  closed  with  the  rubber  stopper  and 
the  exhaust  tube  is  placed  in  a  beaker  of  water.  The  solution  in 
the  flask  is  brought  rapidly  to  boiling  and  the  reaction  allowed  to 
proceed  for  0.5  hour  at  low  heat.  The  glass  tube  is  then  placed 
in  a  beaker  containing  10%  sodium  bicarbonate  solution,  the  flask 
is  removed  from  the  heater,  and  the  contents  are  cooled  below 
20°  C.  in  an  ice  bath.  The  stopper  is  removed  and  a  small  piece 
of  dry  ice  rapidly  added. 

The  solution  of  stannous  tin  is  titrated  with  standardized  io¬ 
dine  solution,  under  an  atmosphere  of  carbon  dioxide,  to  a  per¬ 
manent  dark  blue  color  change,  using  5  ml.  of  starch  solution  as 
indicator. 


PRECAUTIONS 

The  final  fuming  of  the  salts  to  sulfuric  acid  fumes  is  essential. 
Discordant  results  are  obtained  if  this  is  not  accomplished. 

An  inert  atmosphere  is  necessary  for  complete  reduction,  but 
caution  is  advised  in  stoppering  the  flask  before  all  the  lump  car¬ 
bon  dioxide  is  evolved. 

The  nickel  shot  should  be  cleaned  by  boiling  for  a  few  minutes 
in  hydrochloric  acid.  It  will  brighten  on  repeated  use,  probably 
because  of  amalgamation  with  the  mercury  in  the  mercuric 
chloride. 

The  complete  reduction  of  the  iron  depends  upon  vigorous 
mechanical  shaking  because  of  the  small  surface  presented  by  the 
nickel  shot.  With  samples  containing  a  high  percentage  of  tin, 
the  time  required  for  shaking  can  be  reduced  if  desired. 


DISCUSSION 

Table  I  shows  the  effect  of  temperature  on  the  reduction  of 
tin.  With  increasing  temperature,  increasing  amounts  of  tin  are 
reduced.  The  reduction  of  a  small  amount  of  tin  is  desirable, 
as  it  is  evidence  that  all  the  iron  is  in  the  ferrous  state.  In  alloys 
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Detection  of  Elemental  Sulfur  in  Gasoline 


by  the  Sommer  Test 


GEO.  E.  MAPSTONE,  National  Oil  Pty.,  Ltd.,  Glen  Davis,  New  South  Wales,  Australia 


The  sensitivity  of  various  tests  for  the  detection  of  elemental  sulfur 
in  gasoline  has  been  determined;  and  a  modification  of  the  Sommer 
test  is  described  which  is  about  five  times  as  sensitive  as  the  custo¬ 
mary  inverted  doctor  test  using  butyl  mercaptan. 

SOMMER  {1)  describes  a  color  test  for  free  sulfur  in  pyridine 
solution,  in  which  the  addition  of  a  small  amount  of  an  alka¬ 
line  solution  precipitates  the  sulfur  as  a  blue  colloidal  solution. 
A  positive  reaction  was  obtained  with  as  little  as  2  parts  per 
million  of  free  sulfur;  but  hydrocarbons  were  observed  to  de¬ 
crease  the  sensitivity  of  the  test.  In  the  presence  of  pyridine, 
doctor  solution  gave  a  visible  reaction  with  10  micrograms  of  free 
sulfur  per  cubic  centimeter  (10  p.p.m.  on  w/v  basis). 

Sommer’s  test  was  applied  to  the  detection  of  free  sulfur  in 
gasoline  by  mixing  the  sample  with  pyridine  and  adding  caustic 
soda  solution.  In  the  test,  three  phases  were  formed:  an  upper 
gasoline  phase,  a  middle  pyridine  phase,  and  a  lower  aqueous 
phase.  The  color  appeared  in  the  middle  pyridine  phase,  occa¬ 
sionally  in  the  lower  aqueous  phase,  but  never  in  the  upper 
gasoline  phase.  A  preliminary  survey  showed  that  this  test  was 
at  least  as  sensitive  as  the  inverse  doctor  test,  using  butyl  mer¬ 
captan  solution.  This  is  customarily  used  in  plant  testing  but 
has,  at  times,  appeared  to  be  insufficiently  sensitive. 

The  alternative  mercury  test  is  generally  considered  too 
sensitive  for  plant  control. 

The  conditions  for  the  maximum  sensitivity  of  the  Sommer 
test  were  determined,  and  the  sensitivity  of  the  various  tests  was 
compared. 


EXPERIMENTAL 

Reagents  Used.  Gasoline.  For  the  purposes  of  this  investi¬ 
gation,  except  as  noted  below,  commercial  iso-octane  of  specific 
gravity  0.691,  freed  of  possible  traces  of  sulfur  and  filtered  before 
use,  was  used  as  gasoline  and  is  referred  to  as  such.  The  commer¬ 
cial  iso-octane,  as’received,  was  shaken  with  mercury  to  remove  pos¬ 
sible  traces  of  free  sulfur  and  filtered  before  use.  Only  a  negligible 
amount  of  mercuric  sulfide  was  formed. 

Standard  Sulfur  Solution,  prepared  by  dissolving  flowers  of 
sulfur  in  1  cc.  of  hot  pyridine  and  allowing  the  solvent  to  evapo¬ 
rate  almost  to  dryness  before  adding  sufficient  gasoline  to  give 
a  solution  containing  0.01%  of  sulfur  by  weight.  Other  concen¬ 
trations  were  obtained  by  diluting  the  original  standard  with 
gasoline. 

Pyridine.  A  water-white,  commercial  grade  of  pyridine  con¬ 
taining  approximately  5%  of  alpha-picoline  was  used  untreated 
as  it  was  not  discolored  on  shaking  with  mercury. 

Butyl  Mercaptan  Solution,  1  cc.  of  n-butyl  mercaptan  dis¬ 
solved  in  1400  cc.  of  gasoline,  thoroughly  shaken  with  mercury, 
and  filtered  before  use.  This  treatment  satisfactorily  removed 
any  free  sulfur  present,  and  did  not  affect  the  mercaptan  content 
of  the  solution. 

Doctor  Solution,  10%  caustic  soda  solution  shaken  with  excess 
litharge  for  a  quarter  of  an  horn-,  allowed  to  settle,  and  the  clear 
supernatant  liquor  decanted  for  use. 

Caustic  Soda  Solution,  2  N._ 

Sodium  Bicarbonate  Solution,  cold  saturated. 

Sommer  Test.  The  necessary  conditions  for  the  test  to  give 
maximum  sensitivity  were  obtained  as  follows :  _ 

Alkaline  Solution.  Sommer  used  2  N  caustic  soda  and  satu¬ 
rated  sodium  bicarbonate  solutions  and  obtained  greater  sensi¬ 
tivity  with  the  latter.  However,  in  the  presence  of  gasoline,  the 
caustic  soda  solution  was  found  to  give  several  times  the  sensi¬ 
tivity  of  the  sodium  bicarbonate  solution,  which  also  required 
boiling  to  develop  the  color.  The  caustic  soda  solution  was  there¬ 
fore  used. 

Order  of  Mixing.  The  addition  of  the  caustic  soda  solution  to 
the  pyridine-gasoline  mixture  gave  a  color  several  times  as  in¬ 


tense  as  that  produced  by  the  addition  of  the  pyridine  to  thi 
gasoline-caustic  soda  mixture. 

Pyridine-Gasoline  Ratio.  Various  volumes  of  a  0.001'); 
(w/w)  solution  of  free  sulfur  in  gasoline  were  added  to  5  cc.  o 
pyridine  and  1  cc.  of  2  N  caustic  soda  solution  was  added  ani 
shaken .  T he  results  were : 

Test  positive  2  to  20  cc.  of  gasoline 

Test  strongly  positive  3  to  15  cc.  of  gasoline 

Test  maximum  color  7  to  9  cc.  of  gasoline 


Pyridine-Caustic  Soda  Ratio.  Different  volumes  of  2  N  causti 
soda  solution  were  added  to  a  mixture  of  3  cc.  of  pyridine  am 
5  cc.  of  0.001%  (w/w)  solution  of  sulfur  in  gasoline.  The  tes 
was  definitely  positive  with  up  to  1.6  cc.  and  questionable  wit! 
2.0  cc.  of  caustic  soda  solution.  The  maximum  color  was  ob 
tained  with  0.3  cc.,  though  there  was  very  little  difference  betweei 
the  colors  produced  with  0.3  to  0.6  cc.  The  maximum  was  ob 
tained  with  the  same  pyridine-caustic  soda  ratio  (10  to  1)  a 
used  by  Sommer. 

Nature  of  Gasoline.  The  conditions  of  the  test  (5  cc.  o 
gasoline,  3  cc.  of  pyridine,  and  0.5  cc.  of  2  N  caustic  soda  solution 
and  the  sensitivity  were  unchanged  with  100%  cracked  gasolin 
(from  the  thermal  cracking  of  shale  oil) . 

No  highly  aromatic  gasoline  was  available,  so  mixtures  of  moto 
benzene  and  commercial  iso-octane  were  examined.  It  was  foum 
that  the  proportion  of  the  middle  pyridine  phase  decreased  as  th 
benzene  content  of  the  blend  increased  but  the  sensitivity  of  th 
test  appeared  to  be  unchanged.  Sixty  per  cent  of  benzene  in  th 
blend  was  the  maximum  that  could  be  tested  without  changin 
the  conditions  of  the  test.  Increasing  the  amounts  of  pyridin 
and  caustic  soda  and  decreasing  the  caustic  soda  concentratio 
enabled  the  test  to  work  satisfactorily  with  higher  benzene  blends 


Benzene 
in  Blend 

% 


Volume 
of  Blend 
Cc.  . 


60  5 

70  5 

80  5 


•  Volume  of 
Pyridine 
Cc. 

4 

5 
5 


Caustic  Soda 
Solution 
Cc. 

1.5  2  N 
2  2  N 

2  N 


Blends  containing  much  more  than  80%  benzene  did  not  giv 
three  phases  in  the  test,  though  a  blue  color  was  developed  in  th 
pyridine-gasoline  phase.  The  sensitivity  of  the  test  was,  hoy 
ewer,  much  reduced. 

With  the  benzene  blends,  the  blue  color  was  less  stable  tq  a 
•  and  was  destroyed  by  shaking  for  a  minute  or  so. 

Tests  Compared  for  Sensitivity.  In  order  to  compare  th 
relative  sensitivity  of  the  different  tests  available,  the  followin 
tpcitQ  wprp  cn'TTMPn  out,* 

Inverse  Doctor  Test.  Five  cubic  centimeters  of  the  sulfu 
containing  gasoline  were  shaken  with  o  cc.  of  butyl  mercapta 
solution  and  5  cc.  of  doctor  solution.  In  the  absence  of  free  su 
fur,  the  lead  butyl  mercaptide  formed  colored  the  gasoline  phas 
yellow  and  some  yellow  mercaptide  collected  at  the  interfac 
In  the  presence  of  free  sulfur,  the  color  deepened  through  oranf 
to  dark  brown  or  even  black,  depending  on  the  concentratio) 
Owing  to  the  color  of  the  mercaptide,  it  was  necessary  to  use 
blank  test  for  comparison  with  borderline  tests. 

Modified  Inverse  Doctor  Test.  Five  cubic  centimeters  of  tl 
sulfur-containing  gasoline  were  mixed  with  5  cc.  of  pyridine  an 
5  cc  of  butyl  mercaptan  solution  before  addition  of  5  cc.  < 
doctor  solution.  The  addition  of  the  pyridine  prevented  the  cole 
formation  due  to  the  lead  mercaptide.  Three  liquid  phases  wei 
formed  and,  in  the  presence  of  sufficient  free  sulfur,  the  lead  su 
fide  formed  collected  mainly  at  the  liquid  phase  interface 
making  this  test  easier  to  observe  than  the  unmodified  test. 

Sommer  Test.  Five  cubic  centimeters  of  the  sulfur-containir 
gasoline  were  mixed  with  3  cc.  of  pyridine  and  then  shaken  wit 
0.5  cc.  of  2  N  caustic  soda  solution.  In  the  presence  of  fn 
sulfur,  a  sky-blue  coloration  was  formed  in  the  middle  phase.  C 
long  shaking  in  the  presence  of  air,  the  color  disappeared,  this  ben 
due  to  the  oxidation  of  the  colloidal  sulfur  to  thiosulfate. 

Mercury  Test.  Five  cubic  centimeters  of  the  sulfur-containn 
gasoline  were  shaken  with  a  little  mercury.  In  the  presence 
free  sulfur,  black  mercury  sulfide  was  formed  and  the  suspensic 
colored  the  gasoline  gray. 
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Other  Application  of  Tests.  Attempts  to  use  purified  pyri- 
ine  homologs  (boiling  range  120°  to  250°  C.),  isolated  from  the 
racked  pressure  distillate,  in  place  of  pyridine  in  the  Sommer 
;st  failed.  This  was  due  to  the  higher  miscibility  of  these  bases 
ith  the  gasoline,  and  the  failure  of  the  mixture  to  separate  into 
iree  phases  on  the  addition  of  water.  This  is  probably  the 
esensitizing  action  of  hydrocarbons  on  the  test  that  was  ob¬ 
eyed  by  Sommer.  An  attempt  was  made  to  apply  these  differ- 
nt  tests  to  detect  free  sulfur  in  crude  shale  oil,  but  alkali-soluble 
oloring  matter  in  the  oil  masked  any  color  reactions. 

RESULTS 

The  results  are  expressed  in  sulfur  concentration  in  parts  per 
lillion  by  weight  required  to  give  a  definite,  questionable,  or 
egative  test.  With  the  standard  solutions  used,  1  p.p.m.  (w/w) 
s  equal  to  0.7  microgram  per  cubic  centimeter. 

Test  Definite  Questionable  Negative 

P.p.m.  P.p.m.  P.p.m. 

nverse  doctor  test  20  15  10 

nverse,  modified  by  presence 

of  pyridine  15  10  8 

lommer  test  4  .  .  ”  ,  „  ,  72 

Mercury  test  Positive  even  below  0.1  p.p.m. 

The  mercury  test  is  by  far  the  most  sensitive,  but  it  is  too 
ensitive  for  plant  control.  The  inverted  doctor  test  is  positive 


to  15  p.p.m.  of  free  sulfur,  but  the  color  of  the  lead  mercaptide 
tends  to  make  detection  difficult  near  the  limiting  concentra¬ 
tion;  in  the  presence  of  pyridine,  the  modified  test  is  easier  to 
observe  and  a  shade  more  sensitive.  The  Sommer  test  is  sensi¬ 
tive  to  3  p.p.m.  of  free  sulfur  in  the  gasoline,  being  therefore  about 
five  times  as  sensitive  as  the  inverted  doctor  test,  and  yet  not  too 
sensitive  for  plant  control. 

With  experience,  a  plant  operator  is  able  to  obtain  an  approxi¬ 
mate  estimate  of  the  free  sulfur  content  of  the  gasoline  from  any 
of  the  first  three  tests,  but  much  more  readily  from  the  Sommer 
test.  The  Sommer  test  has  been  found  both  quicker  to  operate 
and  easier  to  observe  than  the  inverse  doctor  test  previously  used. 

If  the  gasoline  being  tested  is  highly  aromatic,  it  would  be  ad¬ 
visable  to  determine  the  optimum  proportions  of  the  reagents  for 
the  test  before  putting  it  into  routine  operation. 
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Qualitative  Test  for  Carbohydrate  Material 

ROMAN  DREYWOOD1,  Paper  Service  Department,  Eastman  Kodak  Company,  Rochester,  N.  Y. 


A  solution  of  anthrone  in  concentrated  sulfuric  acid  gives  a  per¬ 
manent  green  coloration  with  carbohydrate  material.  The  reaction 
is  of  value  as  a  qualitative  test  and  for  the  preliminary  classification  of 
synthetic  resins  into  a  cellulose  or  noncellulose  group. 


ALTHOUGH  there  are  a  large  number  of  specific  tests  for  cer¬ 
tain  types  of  saccharides  (1,2),  there  are  very  few  general 
tests  for  carbohydrate  materials.  The  Molisch  test,  using  a- 
naphthol,  is  well  known  and  generally  applicable  to  soluble  car¬ 
bohydrates. 

Anthrone,  which  is  used  for  the  determination  of  glycerol  %), 
was  found  to  give  a  green  color  with  cellulose.  Further  expeii- 
ments  indicated  that  a  positive  test  was  obtained  with  all  of  a 
group  of  eighteen  carbohydrate  materials  examined,  including 
several  cellulose  derivatives.  Furfural  is  the  only  noncarbohy¬ 
drate  material,  thus  far  encountered,  which  gives  a  green  color 
with  anthrone.  The  test  as  given  by.furfural  is,  however,  differ¬ 
ent  from  that  given  by  carbohydrate  materials.  The  green  color 
given  by  a  furfural  test  is  rapidly  obscured  by  a  brown  precipi¬ 
tate,  and  when  the  sample  is  diluted  with  50%  sulfuric  acid  or 
glacial  acetic  acid,  a  heavy  brown  precipitate  forms.  Carbohy¬ 
drate  samples,  on  the  other  hand,  may  be  diluted  to  any  extent 
with  these  reagents,  and  the  green  color  persists  even  at  extreme 
dilutions. 

Positive  Test  with  Anthrone 


Cellulose 

Starch 

Dextrin 

Dextrose 

/-Arabinose 

Gum  arabic 

Gum  tragacanth 

Agar 

Pectin 

Algin 


Ethylcellulose  (ether) 
Methylcellulose  (ether) 
Cellulose  acetate 
Cellulose  acetate  phthalate 
Cellulose  acetate  butyrate 
Cellulose  acetate  stearate 
Cellulose  propionate 
Cellulose  nitrate 
Furfural  (noncarbohydrate) 


A  negative  test  was  obtained  by  all  of  a  large  group  of  non- 
carbohydrate  materials  examined,  which  included  a  variety  of 
noncellulose  synthetic  resins,  organic  acids,  aldehydes,  phenols, 
fats,  terpenes,  alkaloids,  and  proteins. 


PROCEDURE 

One  milliliter  of  water  is  placed  in  a  small  test  tube  containing 
approximately  1  mg.  of  the  material  to  be  tested,  and  2  ml.  of  a 

1  Present  address,  Tower  Drug  &  Chemical  Company,  Rochester,  N.  Y. 


0.2%  solution  of  anthrone  in  concentrated  sulfuric  acid  are  then 
added.  The  final  sulfuric  acid  concentration  in  the  test  solution 
should  always  be  greater  than  50%;  otherwise  the  anthrone  will 
come  out  of  solution  and  produce  a  milky  suspension.  The  heat 
produced  by  the  dilution  of  the  sulfuric  acid  is  a  necessary  part 
of  the  test.  In  the  presence  of  carbohydrate  material  a  clear 
green  color  will  appear  and  rapidly  increase  in  intensity  until 
a  dark  blue-green  solution  results.  The  test  solution  can  be  di- ' 
luted  for  comparison  with  glacial  acetic  or  50%  sulfuric  acid.  In 
the  absence  of  carbohydrate  material,  but  in  the  presence  of  other 
organic  compounds,  a  brown  color  is  often  produced  by  the  ac¬ 
tion  of  the  concentrated  sulfuric  acid. 

The  anthrone,  which  is  not  a  readily  available  chemical,  can  be 
prepared  according  to  the  directions  of  Schutz  (4),  or  following 
the  procedure  given  in  Organic  Syntheses  (3).  Care  should  be 
taken  during  the  preparation  to  avoid  contamination  of  the 
anthrone  by  carbohydrate  material,  especially  filter  paper  pulp, 
which  would  cause  a  green  color  to  develop  in  a  blank  test  with 
the  reagent. 

DISCUSSION  AND  APPLICATIONS 

No  study  was  made  of  the  mechanism  of  the  reaction,  but 
t  he  appearance  and  deepening  of  the  color  seemed  to  be  as  rapid 
with  a  polysaccharide  as  with  an  equal  weight  of  a  monosaccha¬ 
ride.  This  would  suggest  that  hydrolysis  may  not  be  a  necessary 
step  in  the  test. 

A  useful  application  of  this  reaction  is  the  identification  of  syn¬ 
thetic  resins.  Even  the  most  insoluble  cellulose  resins  will  give  a 
positive  test  with  anthrone,  thus  affording  a  preliminary  classi¬ 
fication  into  a  cellulose  or  noncellulose  group.  However,  many 
plastic  molding  compositions  contain  wood  flour  and  would  give  a 
positive  test  for  that  reason. 

An  attempt  is  now7  being  made  to  apply  this  reaction  to  the 
quantitative  colorimetric  determination  of  small  quantities  of 
cellulose  in  solution,  particularly  to  the  analysis  of  /3-  and  y- 
cellulose. 

The  anthrone  test  is  extremely  sensitive.  In  tests  writh  starch 
it  proved  to  be  10  to  40  times  as  sensitive  as  iodine  for  the  detec¬ 
tion  of  this  carbohydrate.  Approximately  1  part  of  starch  in 
900,000  parts  of  water  can  be  detected. 
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Determination  of  Ethers  and  Esters  of  Ethylene  Glycol 

A  Modified  Alkoxyl  A  nalysis 

PAUL  W.  MORGAN 

Pioneerins  Research  Section,  Technical  Division,  Rayon  Department,  E.  I.  du  Pont  de  Nemours  &  Co.,  Inc.,  Buffalo,  N.  Y. 


A  modified  alkoxyl  method  and  apparatus  have  been  devised  by 
which  the  ethylene  glycol  content  in  esters  and  ethers  may  be 
determined  quantitatively  on  a  semimicro  scale.  Hot,  constant¬ 
boiling  hydriodic  acid  decomposes  the  ethylene  glycol  residue 
quantitatively  into  ethyl  iodide  and  ethylene,  which  are  collected 


SINCE,  during  recent  years,  derivatives  of  ethylene  glycol  have 
attained  considerable  technical  importance  as  solvents, 
plasticizers,  sizes,  etc.,  there  is  frequently  a  need  for  an  analytical 
method  by  which  these  compounds  may  be  determined  and  iden¬ 
tified. 

To  the  author’s  knowledge,  the  only  previously  described 
method  for  the  analysis  of  glycol  ethers  is  that  of  Elkins  ( 6 )  and 
Werner  and  Mitchell  {21)  which  depends  upon  the  chromic  acid 
oxidation  of  the  ether  and  titration  of  the  excess  dichromate. 
This  method  distinguishes  readily  between  such  compounds  as 
monomethyl  and  ethyl  ethers  of  ethylene  glycol  but  is  difficult 
to  apply  where  the  glycol  ether  is  only  a  small  part  of  a  complex 
structure  as  in  hydroxyethylcellulose  or  many  glycol  ether  and 
ester  plasticizers. 

Methods  for  the  analysis  of  methyl  and  ethyl  ethers  have 
been  known  since  the  work  of  Zeisel  {2 If)  who  used  constant¬ 
boiling  hydriodic  acid  to  split  the  ethers  into  the  corresponding 
alkyl  iodides. 

-  RI  +  R'l  +  H20 


ROR'  +  2  HI 


The  alkyl  iodide  then  was  distilled 
out  and  reacted  with  alcoholic  silver 
nitrate  to  form  silver  iodide  which  was 
determined  gravimetrically. 


Pregl  {15)  adapted  the  Zeisel  method 
to  a  micro  scale  and  Viebock  and  others 
{19)  developed  an  iodometric  method 
for  determining  the  alkyl  iodide.  Fur¬ 
ther  modifications  in  the  apparatus 
were  made  by  Clark  {2),  Elek  (5), 
Viebock  {19),  Samseland  McHard  {16), 
and  others  {12). 

None  of  these  investigators  reported 
any  attempt  to  adapt  the  method  to  the 
analysis  of  1,2-glycol  ethers.  Mei- 
senheimer  {11)  found  that  ethylene 
glycol  and  hydriodic  acid  produced 
low  and  variable  quantities  of  ethyl 
iodide.  Grim  and  Bockisch  {8)  aban¬ 
doned  the  idea  of  using  the  Zeisel 
method  on  glycols,  after  finding  that 
ethylene  and  propylene  glycols  with 
constant-boiling  hydriodic  acid  yielded 
about  50%  of  the  alkyl  iodides  and 
gases  identified  as  ethane  and  propane, 
respectively.  The  identification  of 
these  gases  has  now  been  shown  to 
have  been  incorrect.  Davis  {4)  applied 
the  Zeisel  analysis  to  phenoxyethanol 
and  obtained  low  and  variable  results. 
Lawrie  and  others  {10)  obtained  ethyl 
iodide  by  a  Zeisel  analysis  of  hydroxy¬ 
ethylcellulose,  but  did  not  report 
data  -to  indicate  what  reproducibility 
was  obtained.  Small  amounts  of  ethyl 
iodide  have  been  reported  from  the 
decomposition  of  dioxane  with  hy¬ 
driodic  acid  in  a  sealed  tube  at  100° 
{13). 


and  determined  volumetrically  in  standard  solutions  of  silver  nitrate 
and  bromine,  respectively.  The  method  has  been  applied  to  sol¬ 
vents,  polyethylene  ethers,  plasticizers,  and  hydroxyethylcellulose, 
as  well  as  to  compounds  containing  halogen  or  sulfur  substituents  in 
place  of  oxygen  upon  the  ethylene  glycol  residue. 


Still  other  reports  show  that  gaseous  hydrogen  iodide  converts 
ethylene  glycol  to  ethylene  iodide  {17)  and  concentrated  hydriodic 
acid  at  100°  likewise  decomposes  diethylene  glycol  to  ethylene 
iodide  {28).  Alkylene  iodides  have  long  been  known  to  be  un¬ 
stable  to  heat  and  light  {1,  14,  18)  and  this  instability  has  been 
used  for  the  preparation  of  pure  olefins.  Such  decompositions 
into  olefin  and  iodine  are  favored  by  the  presence  of  iodide  ions 
{18). 


From  the  foregoing  review,  it  appears  probable  that  ethyl 
iodide  and  ethylene  would  be  two  of  the  products  of  the  reaction 
of  ethylene  glycol  derivatives  and  hot,  concentrated  hydriodic 
acid. 

A  preliminary  macrodecomposition  of  polyethylene  oxide  with 
constant-boiling  hydriodic  acid  and  analysis  of  the  gaseous  prod¬ 
ucts  showed  that  the  ethyl  iodide  and  ethylene  produced  ac¬ 
counted  quantitatively  for  the  starting  material.  This  finding 
shows  why  the  various  alkoxyl  analyses  fail  to  give  quantitative 
and  reproducible  results  with  such  compounds.  If  silver  nitrate 
is  used  as  the  absorption  medium  for  ethyl  iodide,  the  ethylene 
escapes.  If  a  bromine-acetic  acid  solution  {2,  5,  19)  is  used, 

ethylene  may  react  with  the  excess 
bromine,  but  it  is  not  detected  and 

_j _ i _ |  does  not  interfere  with  the  subsequent 

titration  of  the  iodate  ions  from  the 
oxidation  of  ethyl  iodide.  On  the 
other  hand,  when  the  usual  alkoxyl 
analysis  is  applied  to  determine  meth- 
oxyl  or  ethoxyl  groups  in  a  com¬ 
pound  containing  ethylene  glycol  resi¬ 
dues,  the  results  are  always  too  high 
for  the  alkoxyl  content  because  of  the 
ethyl  iodide  from  the  glycol  residues. 

The  method  presented  here  provides 
a  means  by  which  ethylene  glycol  resi¬ 
dues  or  methoxyl  and  ethoxyl  groups 
combined  with  ethylene  glycol  residues 
may  be  determined  quantitatively. 
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Figure  1.  Apparatus 


An  arrangement  of  apparatus  for  the 
analysis  is  shown  in  the  scale  diagram 
(Figure  1).  It  consists  in  part  of  the 
reaction  flask,  condenser,  and  first  ab¬ 
sorption  tube  of  a  Clark  {2)  alkoxyl 
apparatus.  These  are  followed  by  an 
absorption  tube,  D,  made  from  a  sec¬ 
tion  of  a  spiral  from  a  Widmer  distilla¬ 
tion  column  and  a  standard-taper 
(24/40)  gas  inlet  adapter. 

Dimensions  of  the  apparatus  not 
readily  determined  from  the  diagram 
are  as  follows:  carbon  dioxide  inlet 
capillary,  1-mm.  inside  diameter; 
flask  A,  28-mm.  diameter,  12/18 
standard-taper  joint;  condenser,  9-mm. 
inside  diameter;  inlet  to  trap  B,  2- 
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mm.  inside  diameter;  inlet  to  trap  C,  7 /15  standard-taper  joint, 
2-mm.  inside  diameter  tube;  trap  C,  14-mm.  inside  diameter; 
trap  D,  inner  tube,  8-mm.  outside  diameter,  2-mm.  opening  at 
bottom  of  spiral;  spiral,  1.75-mm.  rod,  23  turns,  8.5-mm.  rise  per 
turn;  outer  tube,  approximately  12.5-mm.  inside  diameter; 
side  arm  7  cm.  from  top  of  inserted  spiral,  3.5-mm.  inside  diam¬ 
eter,  2-mm.  opening  at  bottom. 

The  stopcock  is  lubricated  with  Silicone  grease.  The  absorp¬ 
tion  tubes  may  be  conveniently  suspended  by  a  series  of  properly 
spaced  sheet  metal  clips  attached  to  a  stick  clamped  at  an  angle 
of  about  60°. 

For  the  analysis  of  lowly  substituted  cellulose  ethers  a  reaction 
flask  of  double  the  illustrated  capacity  is  used.  Although  a  mini¬ 
mum  number  of  connections  is  desirable  and  an  apparatus  may 
be  built  with  all  ground-glass  connections,  no  particular  difficulty 
has  been  experienced  with  the  rubber  connections  for  tubes  C  and 
D,  and  they  produce  a  desirable  degree  of  flexibility. 

REAGENTS 

Hydriodic  Acid.  Constant-boiling  hydriodic  acid  (specific 
gravity  1.70;  boiling  point  126-7°  C.)  is  prepared  by  distilling 
reagent  grade  acid  over  red  phosphorus  in  an  atmosphere  of 
carbon  dioxide.  Adequate  precautions  should  be  taken  to  avoid 
possible  violent  explosions  of  mixtures  of  air  and  phosphorus 
hydrides  in  the  receiver.  The  acid  should  be  distilled  within  a 
few  days  of  the  period  of  use  or  else  stored  after  distillation  in  an 
atmosphere  of  carbon  dioxide  or  nitrogen  in  dark-colored,  sealed 
bottles.  It  should  be  free  from  sulfur  compounds  and  from  phos¬ 
phine  and  hypophosphorous  acid.  Hypophosphorous  acid, 
which  is  sometimes  used  as  a  stabilizer  for  hydriodic  acid,  may  be 
destroyed  by  the  addition  of  a  few  iodine  crystals  followed  by  dis¬ 
tillation  over  red  phosphorus.  Phosphine  in  the  distilled  acid  is 
indicated  by  unusual  stability  to  atmospheric  oxygen  and  by  the 
blackening  of  silver  nitrate  paper  held  above  the  acid.  This  con¬ 
tamination  is  frequently  present  in  acid  distilled  from  phosphorus, 
but  is  readily  removed  by  refluxing  the  hydriodic  acid  until  the 
vapors  no  longer  color  silver  nitrate  paper  gray  or  black.  Hydri¬ 
odic  acid  vapors  stain  paper  brown  or  brownish  black. 

Silver  Nitrate  Solution.  Silver  nitrate  (15  grams)  is  dis¬ 
solved  in  50  ml.  of  water  and  then  added  to  400  ml.  of  absolute 
ethanol.  Several  drops  of  concentrated  nitric  acid  are  added. 
This  solution  is  standardized  against  0.05  N  aimmonium  thio¬ 
cyanate  by  the  Volhard  method  (20).  It  is  very  stable  and  shows 
very  little  change  with  use. 

Bromine  Solution.  Bromine  (1  ml.)  is  added  to  300  ml.  of 
c.p.  glacial  acetic  acid  saturated  with  dry  potassium  bromide 
(5  grams).  Fifteen  milliliters  of  this  solution  require  about  40 
ml.  of  0.05  N  sodium  thiosulfate.  This  solution  is  stored  in  a 
dark  bottle  and  kept  in  the  dark.  It  is  standardized  at  least  once 
a  day  during  use. 

Alternatively,  a  methanolic  solution  of  bromine  and  potassium 
bromide  may  be  used  (9).  Absolute  methanol  (500  ml.)  is  sat¬ 
urated  with  dry  potassium  bromide  (10  grams)  and  1.8  ml.  of 
bromine  are  added.  Fifteen  milliliters  of  this  solution  require 
between  40  and  50  ml.  of  0.05  N  sodium  thiosulfate.  This  solu¬ 
tion  is  stored  as  directed  above.  It  is  standardized  against  sodium 
thiosulfate  with  each  analysis. 

Other  Reagents.  The  following  required  solutions  need  no 
special  description: 

Potassium  iodide,  10%  aqueous  solution. 

Sulfuric  acid,  10%  aqueous  solution. 

Sodium  thiosulfate,  0.05  N  standard  solution. 

Ammonium  thiocyanate,  0.05  N  standard  solution. 

Starch  indicator,  1%  aqueous  solution. 

Ferric  ammonium  sulfate  indicator,  saturated  aqueous  solu¬ 
tion  (filtered). 

SAMPLE  SIZE 

The  choice  of  sample  size  is  important  for  accuracy  and  com- 
plete  decomposition.  Samples  of  very  high  ether  content  should 
weigh  from  50  to  100  mg.  and  may  require  1,  2,  or  more  hours  for 
complete  decomposition.  For  samples  containing  less  than  10% 
of  glycol  residue,  200  to  300  mg.  of  material  and  a  reaction  flask 
of  twice  the  illustrated  capacity  are  used.  The  amount  of  hy¬ 
driodic  acid  is  correspondingly  increased. 

PROCEDURE  OF  ANALYSIS 

The  apparatus  is  cleaned  and  dried.  Trap  B  is  filled  with  a 
suspension  of  a  small  amount  of  red  phosphorus  in  enough  water 
to  cover  the  inlet  tube.  If  the  sample  to  be  analyzed  contains 
sulfur,  the  phosphorus  is  suspended  in  5%  aqueous  cadmium 
sulfate  solution  instead  of  water.  Ten  milliliters  of  silver  ni¬ 
trate  solution  are  pipetted  into  the  first  absorption  tube,  C,  15 


ml  of  bromine  solution  are  pipetted  into  the  spiral  absorption 
tube,  D,  and  10  ml.  of  10%  potassium  iodide  solution  are  placed 
in  the  final  tube,  E.  A  weighed  sample  of  glycol  ether  (0.05  to 
0.12  gram)  is  placed  in  reaction  flask  A,  together  with  a  Hengar 
boiling  granule  and  10  ml.  of  hydriodic  acid.  When  the  sample 
has  poor  solubility  in  the  acid  or  tends  to  sublime,  a  mixture  of 

1  ml.  of  phenol  and  2  ml.  of  propionic  anhydride  is  added  to  the 
reaction  flask,  as  recommended  by  Elek  ( 5 )  ( cf .  16).  The  flask 
is  connected  to  the  apparatus,  a  slow  stream  of  carbon  dioxide 
(1  bubble  per  second)  is  passed  through,  and  the  flask  is  heated 
slowly  with  an  oil  bath  to  140°  to  145°  C. 

The  flask  is  kept  at  this  temperature  a  minimum  of  40  minutes 
and  frequently  1  to  2  hours  are  required  for  compounds  with 
very  high  ether  contents.  Two  indications  of  the  completion  of 
the  decomposition  are  the  absence  of  any .  cloudy  reflux  in  the 
condenser  above  the  reaction  flask  and  the  nearly  complete 
clarification  of  the  supernatant  liquid  in  the  silver  nitrate  trap. 
Five  minutes  before  the  completion  of  the  reaction  the  silver 
nitrate  trap  is  heated  to  50°  to  60°  C.  with  a  hot-water  bath  to 
drive  out  any  dissolved  olefin. 

At  the  completion  of  the  decomposition,  tubes  D  and  C  are  dis¬ 
connected  cautiously  in  that  order.  The  carbon  dioxide  source 
then  is  disconnected  and  the  heat  removed  from  flask  A.  The 
spiral  absorption  tube,  D,  is  then  connected  by  its  lower  adapter 
to  a  500-ml.  iodine-titration  flask  containing  10  ml.  of  10%  po¬ 
tassium  iodide  solution  and  150  ml.  of  water.  The  potassium 
iodide*  tube,  E,  is  removed  and  the  side  arm  rinsed  into  it.  The 
bromine  solution  is  allowed  to  run  into  the  titration  flask  through 
the  stopcock  and  the  tube  and  spiral  are  rinsed  with  water. 
The  contents  of  the  potassium  iodide  tube  are  added  to  the  titra¬ 
tion  flask,  which  is  then  stoppered  and  allowed  to  stand  5  min¬ 
utes.  Five  milliliters  of  10%  sulfuric  acid  are  added  and  the 
solution  is  titrated  at  once  with  0.05  N  sodium  thiosulfate,  using 

2  ml.  of  starch  indicator  solution  for  the  end  point.  _ 

The  contents  of  the  silver  nitrate  trap  are  rinsed  into  a  flask, 
diluted  to  150  ml.  with  water,  heated  to  boiling,  cooled  to  room 
temperature,  and  titrated  with  0.05  N  ammonium  thiocyanate, 
using  3  ml.  of  ferric  ammonium  sulfate  solution  as  an  indicator 
(20). 

CALCULATIONS 

After  the  titrations  of  the  bromine  and  silver  nitrate  traps  are 
subtracted  from  the  corresponding  blank  titrations,  the  following 
calculations  hold  for  ethylene  glycol  ethers: 

Difference  in  ml.  of  Na2S2C>3  X  N  X  2,203  _  ^  C2H4O  as  C2H< 
wt.  of  sample 

Difference  in  ml.  of  NH4SCN  X  N  X  4,405  =  %  as  c2h6] 

wt.  of  sample 

The  C2H4O  unit  has  been  chosen  as  convenient  for  calculating 
the  results  of  the  analysis  of  compounds  having  greatly  differing 
structures.  Other  groups,  such  as  — C2H4 — ,  — OCH2CH20  , 
or  HOCH2CH2O— ,  may  be  used  by  simply  changing  the  factors 
in  the  equations  and  their  use  may  appear  more  logical  when 
dealing  with  particular  types  of  derivatives. 

CORRECTION  FOR  REAGENTS 

Repeated  blank  determinations  on  the  reagents  in  the  appara¬ 
tus  showed  that  there  was  no  change  in  the  silver  nitrate  solution 
and  there  was  an  average  loss  in  the  bromine  solution  equivalent 
to  ,0.30  ml.  of  0.05  N  sodium  thiosulfate.  This  correction  was 
applied  to  all  the  determinations  made  using  methanolic  bro¬ 
mine-potassium  bromide  and  bromine-acetic  acid  for  the  absorp¬ 
tion  of  ethylene. 

ANALYTICAL  DATA 

Tables  I  to  IV  contain  the  results  of  the  analysis  of  various 
typical  substances  containing  ethylene  glycol  residues. 

THEORY  OF  PROCEDURE 

When  an  ethylene  glycol  ether  or  ester  is  decomposed  by  con¬ 
stant-boiling  hydriodic  acid,  the  points  of  attachment  of  the  ether 
and  ester  linkages  are  replaced  by  iodo  and  hydroxyl  groups. 
Eventually  all  aliphatic  hydroxyl  groups  are  replaced  by  iodine 
or  hydrogen,  while  phenolic  hydroxyls  and  carboxyl  groups  are 
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unchanged.  Reports  in  the 
literature  (17,  23)  indicate 
that  ethylene  iodide  can  be 
isolated  as  an  intermediate  in 
the  reaction  of  ethylene  glycol 
or  diethylene  glycol  with 
hydriodic  acid  and  the  forma¬ 
tion  of  the  final  products,  ethyl 
iodide  and  ethylene,  is  best 
explained  by  assuming  the 
intermediate  production  of 
ethylene  iodide. 

ROCH2CH2OH  +  3  HI  — > 
RI  +  ICH2CH2I  +  2  H20  (1) 

The  exact  course  which  the 
reaction  takes  preceding  the 
formation  of  ethylene  iodide 
probably  varies  with  the 
number  and  type  of  substitu¬ 
ents  upon  the  glycol  residue. 
One  may  reasonably  assume 
that  in  many  cases  ethylene 
iodohydrin  precedes  ethylene 
iodide.  In  the  case  of  poly¬ 
ethylene  ethers,  ethylene 
glycol,  ethylene  iodohydrin, 
and  ethylene  iodide  may  all 
be  simple  primary  decomposi¬ 
tion  products. 

As  soon  as  ethylene  iodide 
has  been  formed,  several 
courses  of  further  reaction  are 
possible:  the  diiodide  may  de¬ 
compose  into  iodine  and  an 
olefin,  which  escapes;,  part 
of  the  alkylene  iodide  may 
be  reduced  by  hydriodic  acid 
to  alkyl  iodide;  part  of  the 


Table  1.  Analysis 

of  Ethylene  Glycol  Derivatives 

Per  Cent 

— C2H40- 

Found 

Substance 

Formula 

Ethylene  Trap 

As  RI 

As  C2H, 

Total 

Calculated 

Ethylene  glycol  di- 

C2H402[CsH608(C0CH3)6]2 

MeOH-Brr-KBr 

4 . 45 

0.91 

5.36 

5.25 

O-  (pentaacetyl-d- 

MeOH-Brz-KBr 

3.72 

1.52 

5.24 

gluconate) a 

MeOH-BnrKBr 

3 . 45 

2.01 

5.46 

2-Phenoxyethanol 

CsHsOCHjCHjOH 

MeOH-Br2-KBr 

21.83 

10.16 

31.99 

31.88 

MeOH-Br2-KBr 

27.29 

4.65 

31.94 

MeOH-Br2-KBr 

22.84 

9.01 

31.85 

Br2 — CCI4 

23.13 

8.79 

31.92 

Br2— CCI4 

21.99 

11.09 

33.08 

Br2-CCl4 

20.12 

12.61 

32.73 

Br2-CH3COOH 

24.97 

6.35 

31.32 

Br2-CH3COOH 

28.42 

3.39 

31.81 

Brr-CHsCOOH 

17.82 

14.17 

31.99 

Diethylene  glycol 

C7H70C2H40C2H40C7H7 

WeOH-Bri-KBr 

19.68 

11.28 

30.96 

30.76 

dicresyl  ether 

MeOH-Brij-KBr 

13.89 

16.99 

30.88 

MeOH-Br2-KBr 

20.87 

9.73 

30.60 

Br2-CH3COOH 

14.80 

16.11 

30.91 

Ethylene  glycol 

HOCH2CH2OH 

MeOH-Brr-KBr 

57.36 

14.37 

71.73 

70.97 

MeOH-Br2-KBr 

42.07 

29.56 

71.63 

Diethylene  glycol 

H0C2H40C2H40H 

MeOH-Br2-KBr 

69.68 

13.22 

82.90 

83.05 

MeOH-Br2-KBr 

59.69 

22.58 

82.27 

Polyethylene  oxide  & 

H0(C2H40)<uH 

MeOH-Br2-KBr 

82.48 

15.57 

98.05 

99.59 

MeOH-Br2-KBr 

85.15 

12.45 

97.60 

MeOH-BrT-KBr 

81.88 

15.39 

97.27 

Br2-CCl4 

60.11 

42.18 

102.3 

Dioxane 

(C2H40)2 

MeOH-Br^KBr 

90.40 

9.34 

99.74 

100.00 

MeOH-BrrKBr 

86.90 

11.54 

98.44 

2-Methoxyethanolc 

ch3och2ch2oh 

MeOH-Bro-KBr 

105.8 

9.47 

115.3 

115.8 

MeOH-Brr-'KBr 

102.6 

11.21 

113.8 

“For  preparation 

see  (22).  &  Carbowax-4000  of  Carbide  and  Carbon  Chemicals  Corp. 

0  Methoxyl  content  calculated  as  — C2H4O — . 

Table  II.  Analysis  of  Commercial  Plasticizers 

Per  Cent  - 

-c2h4o— 

Found 

Calcu- 

Substance 

Formula 

Ethylene  Trap 

As  RI 

As  C2H4 

Total 

lateda 

Methoxyethyl  oleate& 

CH3OC2H4OOCi8H33 

MeOH-Br2-KBr 

21.64 

2.07 

23.71 

25.88 

MeOH-Brr-KBr 

20.32 

3.03 

23.35 

MeOH-Brs-KBr 

21.96 

1.89 

23.85 

Triethvlene  glycol  di- 

C6H,202(C7Hl5COO)2 

MeOH-Br2-KBr 

23.48 

7.79 

31.27 

32 . 82 

2-ethylhexoatec 

MeOH-Br2-KBr 

24.94 

6.36 

31.30 

MeOH-Br2-KBr 

19.23 

11.75 

30.98 

MeOH-Br2-KBr 

22.25 

9.37 

31.62 

Br2-CCl4 

19.74 

11.71 

31.45 

0-Ethoxyethyl-o- 

C6H5C0C6H4C00C2H40C2H5 

MeOH-Br2-KBr 

24.55 

3.75 

28.30 

29 . 54 

benzoyl  benzoate 

MeOH-Br2-KBr 

23.38 

4.66 

28.04 

Butoxyethylphthalate 

C6H4(COOC2H4OC4H9)2 

MeOH-Br2-KBr 

18.13 

6.94 

25.07 

24.05 

MeOH-Brr-KBr 

18.20 

5.38 

23.58 

a  Methoxyl  and  ethoxyl  groups  calculated  as  — C2H40 — . 

b  Kapsol  as  received  from  Ohio  Apex,  Inc. 

c  Flexol  3GO  of  Carbide  and  Carbon  Chemicals  Corp. 

olefin  formed  by  the  first  reaction  may  react  with  hydriodic  acid  to 


derivatives  are  decomposed  by  hydriodic  acid  in  a  similar  way 


produce  alkyl  iodide. 


forming  alkyl  iodides  and  olefins. 


ICH2CH2I  — >  CH2=CH2  +  I2  (2) 

ICH2CH2I  +  HI  — >-  CH3CH0I  +  I2  (3) 

CH2=CH»  +  HI  — >-  CH3CH2I  (4) 

In  any  case,  the  two  final  products  are  ethyl  iodide  and  ethyl¬ 
ene  and  the  sum  of  these  products  is  equivalent  to  the  glycol 
ether  groups  in  the  substance.  There  may  be  present,  of  course, 
volatile  alkyl  halides  from  other  sources.  No  paraffin  hydro¬ 
carbons  are  produced. 

The  following  equation  is  a  summation  of  Equations  1  to  4,  in 
which  z  is  a  variable  number  less  than  1 : 

ROCH2CH2OH  +  (3  +  x)  HI  — >-  RI  +  (z)  CH3CH2I  + 

(1  -  x)  CH2=CH2  +  I2  +  2  H20  (5) 

The  ratio  of  ethyl  iodide  and  ethylene  obtained  varies  with 
several  reaction  conditions,  as  is  pointed  out  in  the  discussion 
on  application  of  the  procedure.  No  exception  to  the  above 
course  of  reaction  has  been  found  among  the  wide  variety  of 
structures  represented  in  the  tables.  '  Other  1,2-glycols  and  their 


DEVELOPMENT  AND  APPLICATION  OF  METHOD 

In  developing  an  absorption  system  a  single  silver  nitrate  tra] 
was  found  to  be  sufficient  to  absorb  all  alkyl  iodide  vapors 
Simple  traps  of  bromine  solution  would  not  absorb  all  of  tb 
ethylene,  even  when  several  were  used  in  series.  Therefore,  tb 
spiral  tube  was  devised  to  provide  a  longer  contact  of  tbe  gase 
with  the  bromine  solution.  Tbe  standard-taper  adapter  wa 
added  to  this  tube  to  permit  the  transfer  of  the  bromine  solutioi 
to  a  titration  flask  without  loss.  It  was  found  advisable  to  plac< 
the  side  arm  well  above  the  upper  end  of  the  spiral  or  to  enlarg. 
the  upper  part  of  the  tube  into  a  bulb  in  order  to  provide  roon 
for  the  contents  of  the  tube  if  the  flow  of  gas  through  the  systen 
became  too  rapid.  Rushes  of  gas  frequently  occurred  just  a 
the  reaction  was  brought  to  boiling.  Caution  must  therefore  b 
taken  in  bringing  the  mixture  to  a  boil,  even  though  good  boilin' 
stones  are  provided. 

A  final  simple  trap  containing  potassium  iodide  solution  wa 
added  to  the  system  to  collect  any  bromine  swept  out  by  tb 
flow  of  carbon  dioxide.  Practically  no  bromine  was  found  to  es‘ 
cape  from  methanolic  bromine-potassium  bromide  solution 
while  bromine  equivalent  to  0.75  ml.  of  0.05  N  sodium  thiosulfab 
was  often  obtained  in  40  minutes  from  bromine-acetic  acid  solu 
tion.  The  volatility  of  the  bromine  was  reduced  by  saturatin; 
the  solution  with  potassium  bromide. 
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A  solution  of  bromine  in  carbon  tetrachloride  was  unsatisfac- 
ory  for  the  absorption  of  ethylene  because  of  the  volatility  of  the 
solution.  The  resulting  losses  produced  values  for  the  percentage 
>f  glycol  residues  which  were  too  high  (Table  I).  Bromine  in 
nethanol  saturated  with  potassium  bromide  was  used  in  the 
najority  of  determinations  reported.  This  solution  was  very 
;asily  handled  without  bromine  losses,  but  the  titer  dropped 
■apidly  during  storage  and  use  and  it  therefore  required  frequent 
standardization.  Occasionally  solutions  were  obtained  which 
jvere  very  unstable  and  gave  high  blank  determinations.  These 
blanks  may  be  reduced  to  small  and  reproducible  values  by  stor¬ 
ing  new  solutions  for  at  least  10  days  before  use  {2A).  An 
icetic  acid  solution  of  bromine  had  the  best  stability  to  storage 
md  use  and  was  readily  handled  without  losses. 

Because  a  single  absorption  system  would  greatly  simplify 
the  determination  of  ethylene  glycol  derivatives,  several  at¬ 
tempts  were  made  to  achieve  this  end.  In  one  experiment  the 
vapors  from  the  reaction  flask,  A,  were  passed  through  a  second 
heated  flask  of  hydriodic  acid.  No  marked  increase  in  the  yield 
of  ethyl  iodide  was  obtained. 

Another  approach  to  a  simplified  absorption  system  is  the  use 
of  a  single  standard  bromine  solution,  which  reacts  with  both  the 
alkyl  iodide  and  olefin  from  glycol  derivatives  but  not  in  an 
equivalent  manner. 

RI  +  Br, - >  RBr  +  IBr 

HIOs  +  5  HBr 


IBr  +  3  H,0  +  2  Br-. 
CH2=CH2  +  Br2  - 


C'H2BrCH,Br 


The  reactions  represented  by  the  first  two  equations  are  the 
jasis  of  the  Viebock  absorption  system  for  alkyl  iodides  (2,  19). 


Table  III. 


Substance 

J.^'-Dichloroethyl  ether 
1,7-Dithiasebacic  acid 

rhiodiglycol 

Dipropylene  glycol 


Formula 

(C1CH2CH2)20 

CH2S— C^COOH 

CH2S—  C2H,COOH 
(HOCH2CH2)2S 


(CH3CH0HCH2)20 
Alkylene  groups  in  samples  calculated  to  theoretical  yield  of 


-C2H4O— . 


Table  IV.  Typical  Analyses  of  Hydroxyethylcellulose 


Sample 


Moles  of 
Ethylene 
Oxide  Used 
per  Glucose 
Unit 

Per  Cent 

— C2H40— 

Found 

per  Glucose  Unit 
From 

modified  From  sapon- 
alkoxvl  ification  of 

As  C2H5I 

As  C2H4 

Total 

method 

triacetate 

0.25 

3.06 

0.54 

3.60 

0.17 

3.14 

0.66 

3.80 

0.17 

0.50 

4.52 

2.06 

6.58 

0.26 

5.18 

1.16 

6.34 

0.25 

0.75 

8.45 

2.08 

10.53 

0.43 

7.04 

3.18 

10.22 

0.42 

1.50 

14.77 

2.08 

16 . 85 

0.75 

13.89 

2.20 

16.09 

0.71 

4.05 

28.25 

5.60 

33.85 

1.88 

19.02 

13.72 

32.74 

1.79 

10.0 

30.96 

21.66 

52.62 

4.09 

35.64 

17.16 

52.80 

4.12 

3.34 

1.32 

4.66 

0.18 

3.49 

1.23 

4.72 

0.18 

3.12 

3.07 

6.19 

0.24 

3.44 

2.12 

5.56 

0.22 

20.32 

7.82 

28.14 

1.44 

1.45 

22.65 

5.61 

28.26 

1.45 

1.49 

23.15 

4.89 

28.04 

1.44 

^eglin  D  b 

Deglin  H*> 

Sellosize 

WS-lOO®.' 


0  Analytical  values  corrected  for  ash  content. 
b  Product  of  Sylvania  Industrial  Corp. 
c  Product  of  Carbide  and  Carbon  Chemical  Corp. 


If  a  standardized  selective  reducing  agent  could  be  found  which 
would  react  with  the  excess  bromine  and  not  with  the  iodate  ions, 
this  single  solution  system  could  be  used  for  the  determination  of 
glycol  ethers.  The  alkyl  iodide  would  be  determined  by  titra¬ 
tion  of  the  iodate  ions  and  the  olefin  by  the  difference  between 
the  total  bromine  at  the  beginning  and  the  sum  of  the  excess 
bromine  and  that  used  to  react  with  alkyl  iodide.  Standard 
formic  acid  reacts  selectively  but  not  stoichiometrically  with  the 
excess  bromine  and  attempts  to  use  it  for  this  purpose  were 
therefore  unsuccessful. 

Except  for  various  adjustments  in  the  adopted  procedure  to 
accommodate  samples  of  varying  ether  content  and  solubility 
as  noted  earlier,  most  derivatives  of  ethylene  glycol  were  analyzed 

without  difficulty.  .  .  ... 

Several  factors  were  found  to  affect  the  ratio  of  alkyl  iodide 
and  olefin  obtained.  Factors  which  promoted  the  formation  of 
high  percentages  of  alkyl  iodide  were  (1)  freshly  distilled  hy¬ 
driodic  acid,  (2)  small  sample  size,  and  (3)  low  temperatures 
during  the  first  part  of  the  reaction.  The  values  obtained  in 
the  analysis  of  ethylene  glycol  di-O-(pentaacetyl-d-gluconate) 
(Table  I)  illustrate  the  effect  of  aging  hydriodic  acid,  which  for 
succeeding  samples  was  1,  2,  and  6  days  old,  respectively.  The 
ratio  of  ethyl  iodide  to  ethylene  in  general  had  no  bearing  on  the 
total  result,  except  that,  if  the  amount  of  ethylene  became  too 
great  and  was  evolved  too  rapidly,  the  absorption  tube  failed  to 
take  it  up  completely.  No  combination  of  conditions  was  found 
which  yielded  100%  alkyl  iodide  in  a  period  of  time  suitable  for 

an  analytical  method. 

Chlorine-containing  compounds  required  no  changes  m  the  pro¬ 
cedure  but  sulfur-containing  compounds  required  the  use  of  cad¬ 
mium  sulfate  in  the  phosphorus  scrubbing  trap  in  order  to  collect 

the  hydrogen  sulfide  which  w  as 

evolved. 

Thiodiglycol  (Table  III) 
produced  only  a  50%  yield  of 
ethylene  and  ethyl  iodide  and 
a  crystalline  sublimate.  The 
sublimate  was  identified  as  1,4- 
dithiane  (melting  point  110°) 
rather  than  0,3'-diiodoethyl- 
sulfide,  which  is  reported  to 
form  very  readily  with  thio¬ 
diglycol  and  hydriodic  acid  (7) 
4,7-Dithiasebacic  acid  was 
successfully  analyzed  by  using 
a  solvent  mixture  of  phenol 
and  propionic  anhydride  in 
the  flask  and  heating  the  reac¬ 
tion  mixture  at  1 10  0  for  2  hours 
before  going  higher. 

In  the  analysis  of  butoxy- 
ethvl  phthalate  (Table  II) 
much  too  high  results  were 
obtained  unless  the  carbon 
dioxide  flow  was  slowed  down 
and  the  oil  bath  kept  below  a 
maximum  of  140°.  For  the 
satisfactory  separation  of  ethyl 
and  methyl  iodides  from  propyl 
and  butyl  iodides,  a  water- 
cooled  condenser  as  used  by 
Elek  (5)  and  others  would  be 
required. 

1,2-Propylene  glycol  ethers 
were  found  to  follow  the  same 
course  of  reaction  as  ethylene 
glycol  ethers,  forming  propyl¬ 
ene  and  isopropyl  iodide.  The 


rcllaneous  Substances 

Per  Cent  — 

-C2H4O — 

Found 

Calculated1 

As  RI 

As  olefin 

Total 

47.73 

12.87 

60.60 

61.61 

50  89 

10.30 

61.19 

18.48 

13.36 

5.02 

18.38 

12.54 

6.15 

18.69 

72.10 

26.29 

9.41 

35.70 

13.06 

24.09 

37.15 

31.49 

7.88 

39.37 

45.34 

12.65 

57.99 

58.67 

44.33 

13.14 

57.47 

Solubility 

Soluble  iu  7%  NaOH 
Soluble  in  7%  NaOH 

Soluble  in  7%  NaOH 
Soluble  in  7%  NaOH 

Swollen  by  cold  H20 

Swollen  by  many  solvents; 
not  swollen  by  acetone 

Soluble  in  H20,  AcOH,  and 
CsHsN 

Soluble  in  H20  and  aq.  EtOH ; 
insoluble  in  acetone 

Soluble  in  7%  NaOH 

Soluble  in  7%  NaOH 

Soluble  in  H20  and  nearly 
soluble  in  AcOH  or  C5H5N 
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latter  was  distilled  from  the  reaction  flask  with  considerable 
difficulty  and  it  was  necessary  to  heat  the  condenser  and  the  phos¬ 
phorus  trap  and  keep  a  very  high  reflux  in  order  to  drive  it  over. 

DISCUSSION 

The  data  show  that  the  precision  and  accuracy  of  the  method 
are  satisfactory  for  the  analysis  of  a  wide  variety  of  glycol  de¬ 
rivatives.  The  columns  in  the  tables  showing  the  percentages  of 
alkyl  iodide  found  are  the  values  which  would  have  been  obtained 
if  the  substances  had  been  analyzed  by  the  Zeisel  or  Viebock 
methods.  In  general,  these  values  are  low  and  variable.  The 
yields  of  alkyl  iodide  in  duplicate  analyses  are  often  of  a  similar 
magnitude  because  consecutive  analyses  were  performed  under 
similar  conditions.  When  the  percentage  of  glycol  units  deter¬ 
mined  as  ethylene  is  added  to  the  percentage  as  alkyl  iodide,  the 
total  checks  well  with  the  calculated  values.  The  duplicate 
values  found  for  a  number  of  unpurified  plasticizer  samples 
(Table  II)  agree  well  among  themselves  but  are  all  lower  than 
the  calculated  values.  The  probable  presence  of  impurities  ac¬ 
counts  for  these  results. 

Substances  or  structures  which  would  interfere  with  the  analy¬ 
sis  are  any  volatile  alkyl  iodide  from  an  ether,  ester,  sulfide,  etc., 
or  structures  which  might  produce  1,2-diiodides  and  eventually 
gaseous  olefins  but  from  which  relatively  nonvolatile  monoiodides 
would  result.  Methyl,  ethyl,  and  possibly  isopropyl  iodide,  if 
they  are  known  to  be  potentially  present,  may  be  easily  taken 
into  account  by  calculating  the  over-all  results  as  glycol  residue,  as 
was  done  in  the  case  of  methoxy-  and  ethoxyethanol  derivatives 
in  this  work  (Tables  I  and  II).  Acetone  is  an  interfering  sub¬ 
stance  because  it  reacts  readily  with  bromine.  If  it  is  used  for 
drying  purposes,  the  apparatus  must  be  carefully  freed  of  it  be¬ 
fore  the  analysis  is  performed. 

Methoxyl  and  methyl  ester  groups  may  be  determined  in  the 
presence  of  glycol  residues  by  a  separate  analysis  according  to  the 
recent  modification  of  the  Willstatter  method  by  Cooke  and  Hib- 
bert  (3).  Of  course,  methyl  and  ethyl  ester  groups,  as  well  as 
other  ester  groups,  may  also  be  determined  separately  by  saponi¬ 
fication. 

The  Correct  degree  of  substitution  of  various  hydroxy  ethyl- 
cellulose  derivatives  is  presented  here  for  the  first  time  (Table 
IV).  Most  previous  estimations  have  been  based  upon  the 
amount  of  etherifying  agent  used  or  upon  the  gain  in  weight  of 
the  product.  Obviously  the  method  of  analysis  described  here 
does  not  determine  whether  the  hydroxyethyl  ether  groups  are 
present  as  individual  units  or  are  built  up  in  polyethylene  oxide 
units  of  varying  sizes.  It  seems  more  than  probable  that  the 
latter  is  increasingly  the  case  as  the  substitution  is  increased  and 
it  must  be  so  in  the  case  of  sample  F  (Table  IV)  in  which  4.1 
glycol  residues  are  distributed  over  3  cellulose  hydroxyls. 

An  independent  check  on  the  hydroxyethyl  content  in  cellulose 
derivatives  was  obtained  in  the  case  of  Cellosize  WS-100  by  pre¬ 
paring  the  triacetate  with  pyridine  and  acetic  anhydride  and  cal¬ 
culating  the  number  of  glycol  residues  necessary  to  produce  the 
observed  difference  in  acetyl  value  between  this  sample  and  cellu¬ 
lose  triacetate.  Such  a  method  is  applicable  to  the  more  highly 
substituted  hydroxy ethylcellulose  derivatives. 

Since  a  direct  analysis  of  hydroxyethylcellulose  has  not  pre¬ 
viously  been  realized,  a  few  comments  on  the  relation  of  substi¬ 
tution  to  the  method  of  preparation  and  solubility  of  these  de¬ 
rivatives  are  in  order.  The  data  in  Table  IV  show  that  the 
efficiency  of  the  reaction  between  ethylene  oxide  and  alkali  cellu¬ 
lose  (18%  sodium  hydroxide;  33%  cellulose)  varied  from  as 
high  as  68%  down  to  40%  as  the  portions  of  ethylene  oxide  were 
increased  from  0.25  to  1.0  mole.  Larger  amounts  of  ethylene 
oxide  were  added  in  successive  1-mole  portions.  Considerably 
higher  efficiencies  were  obtained  by  adding  the  ethylene  oxide  in 
smaller  portions. 

Certain  generalities  concerning  the  solubility  of  these  deriva¬ 
tives  in  relation  to  substitution  are  not  clear  from  the  number  of 


analyses  presented.  Above  0.35  mole  hydroxyethyl  groups  pe 
glucose  unit  (g.  u.),  the  derivatives  become  increasingly  sensitiv 
to  cold  water  and  eventually  dissolve  at  substitutions  betwee 
1.0  and  1.2  moles  per  g.  u.  Up  to  0.5  mole  per  g.  u.  they  may  b 
handled  in  hot  water.  Above  0.75  mole  per  g.  u.  they  are  con 
siderably  swollen  by  alcohols  and  acetic  acid  but  not  by  acetone 
Solubility  in  powerful  organic  solvents  is  attained  at  about  1. 
moles  per  g.  u.  and  eventually  solubility  in  common  solvents  i 
obtained.  These  solubility  rules  are  based  on  derivatives  havin 
degrtees  of  polymerization  between  500  and  800  anhydroglucos 
units.  In  contrast  with  other  cellulose  ethers,  hydroxyethyl 
cellulose  ethers  show  increasing  solubility  in  all  media  with  in 
creasing  substitution.  In  other  words,  once  solubility  in  a  give: 
solvent  is  reached,  it  is  not  lost  by  increasing  the  hydroxyethj 
substitution. 

In  conclusion,  in  addition  to  the  analysis  of  simple  ethylen 
glycol  derivatives  as  described,  the  method  may  be  used  for  th 
determination  of  glycol  derivatives  in  mixtures,  such  as  aqueou 
solutions  or  plasticized  polymeric  materials.  It  is  believed  tha 
the  method  may  be  applied  by  proper  adaptation  to  many  othe 
types  of  compounds  containing  chains  of  two  methylene  group 
linked  to  noncarbon  functional  groups  and  should  prove  usefc 
for  the  identification  and  proof  of  structure  of  such  compounds. 
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apparatus  is  described  which  is  capable  ol  complete  analysis  of 
nail  samples  of  carbon  dioxide,  carbon  monoxide,  methane, 
ydrogen,  nitrogen,  and/or  oxygen.  The  operations  of  analysis 
’e  simple  and  reliable,  and  the  danger  of  loss  of  a  valuable  sample 
reduced  to  a  minimum.  With  a  sample  of  volume  approximating 
cc.  at  N.T.P.  an  accuracy  of  a  few  tenths  of  a  per  cent  of  the  total 
as  sample  may  be  anticipated;  but  an  accuracy  of  about  1%  is 
laintained  with  samples  as  small  as  0.1  cc.  N.T.P.  The  conditions 
>r  a  satisfactory  fractional  combustion  on  a  platinum  catalyst  of 
ydrogen  and  carbon  monoxide  in  the  presence  of  methane  and 
xcess  oxygen  are  defined. 


N  THE  course  of  an  investigation  of  the  gases  in  meteorites 
a  sensitive  method  for  the  analysis  of  low-pressure  gases  has 
een  developed,  which  provides  data  of  high  accuracy  with  very 
mall  gas  samples,  and  in  which  the  danger  of  accidental  loss  of 
he  sample  is  reduced  to  a  minimum. 

Figure  1  illustrates  the  apparatus,  in  which  all  the  measure¬ 
ments  are  made  at  diminished  pressures. 

Only  solid  adsorbents  are  em- 
loyed,  and  Apiezon  stopcock  grease 
i  used  throughout.  The  1000-cc. 
eservoir,  A,  containing  purified  mer- 
ury,  is  linked  with  the  500-cc. 
hamber  of  the  Topler  pump,  B.  The 
ise  and  fall  of  the  mercury  in  B  is 
ontrolled  through  stopcock  1,  whose 
wo  leads  give  access  to  an  aspirator 
me  and  to  the  atmosphere,  respec- 
ively.  The  buret,  C,  is  made  from 
2-mm.  Pyrex  tubing,  and  is  gradu- 
ted  from  1  to  10  cc.  in  steps  of  1  cc. 
rhe  buret  bulb  has  an  additional  ca- 
>acity  of  10  cc.,  permitting  the  ac- 
ommodation  of  particularly  large 
;as  samples.  The  barometer,  D,  is  • 
nade  from  the  same  piece  of  tubing 
s  C,  and  is  provided  with  the  over¬ 
low  attachment,  E  (£)•  The  differ- 
nce  of  the  height  of  the  mercury 
olumns  in  C  and  D,  which  represents 
he  gas  pressure  in  C,  may  be  read 
iccurately  from  a  graduated  mirror 
cale  set  behind  the  tubes.  A  cali- 
>rated  thermometer  set  close  to  C  in- 
licates  the  gas  temperature. 

The  drying  tube,  F,  contains  a 
mall  amount  of  Anhydrone,  trap  G 
)ermits  convenient  separation  of  any 
ondensable  material  in  the  gas 
ample,  and  tube  H  contains  Ascar- 
te,  for  the  absorption  of  carbon  diox- 
de  and  other  acid  gases.  The  com- 
mstion  catalyst  tube,  J,  consists  of 
i  short  section  of  quartz  capillary 
ubing,  connected  to  the  rest  of  the 
ine  through  ground  quartz  to  Pyrex 
oints.  The  capillary  contains  a  5- 
m.  length  of  No.  22  platinum  wire, 
ind  is  heated  by  a  small  closely  fit- 
ing  furnace  with  Alundum  core, 

S'ichrome  winding,  and  asbestos 
agging.  The  presence  in  each  branch 
)f  the  adsorption  train  of  a  small 
‘piral  spring  made  of  4-mm.  (out- 
ide  diameter)  Pyrex  tubing  (not 
•hown  in  the  diagram)  prevents  any 
‘trains  from  developing  in  the  line. 

Stopcock  5  gives  access  to  a 
‘cries  of  bulbs  containing  various 

1  Present  address,  12  Oxford  St.,  Cam- 
)ridge  38,  Mass. 


pure  gases  and  determinate  gas  mixtures,  while  stopcock  6  leads 
to  the  line  from  which  the  gas  sample  is  to  be  collected,  anti 
thence  to  the  evacuating  pumps.  For  cases  where  a  small  gas 
sample  is  to  be  collected  from  a  very  large  volume  it  has  proved 
advantageous  to  precede  stopcock  6  with  a  small  volume  and 
a  mercury  diffusion  pump  in  that  order.  The  diffusion  pump 
rapidly  concentrates  the  gas  sample  in  the  small  volume,  from 
which  it  may  be  readily  conveyed  to  the  btiret  by  the  Topler 
pump. 

In  determining  the  graduations  of  the  buret,  the  10-cc.  mark 
was  determined  directly,  by  weighing  the  mercury  delivered 
through  a  stopcock  temporarily  attached  to  the  bottom  of  the 
buret  before  the  latter  was  sealed  in  place.  The  other  points  are 
then  most  simply  determined  after  the  buret  has  been  per¬ 
manently  mounted — e.g.,  by  compressing  a  sample  of  gas  to 
the  10-cc.  mark,  reading  the  pressure,  and  then  slowly  com¬ 
pressing  it  until  the  new  pressure,  corrected  for  any  small  fluctua¬ 
tions  in  temperature,  is  just  10/9  the  former  value.  The  new  posi¬ 
tion  of  the  mercury  meniscus  in  the  buret  now  corresponds  to 
9  cc.,  and  may  be  marked  as  such.  The  other  buret  graduations 
are  located  in  similar  fashion.  Nitrogen  is  used  as  the  calibra¬ 
tion  gas  and,  by  occasionally  discarding  part  of  the  gas  sample, 
the  pressures  are  kept  below  200  mm.,  so  that  no  errors  due  to 
gas  imperfection  can  be  introduced. 

Calibration  by  this  method  is  ad¬ 
vantageous  because  the  buret  is  cali¬ 
brated  after  it  has  been  permanently 
set  in  place ;  and  is  calibrated  in  the 
same  way,  and  with  the  same  pre¬ 
cision,  as  in  later  use.  Furthermore, 
it  is  somewhat  simpler  to  secure 
markings  corresponding  exactly  to 
unit  numbers  of  cubic  centimeters 
by  this  method  than  by  any  other 
method. 


OPERATIONS  OF  ANALYSIS 

The  dry  gas  sample  is  collected  in 
the  buret  by  repeated  strokes  of  the 
Topler  pump,  and  the  mercury  is 
run  up  into  the  buret  until  the  gas 
is  compressed  to  that  mark  which 
most  nearly  corresponds  to  a  sample 
pressure  of  150  mm.  The  pressure 
is  then  determined  with  an  accuracy 
of  0. 1  mm.,  the  temperature  is  read  to 
the  nearest  0.1°  C.,  and,  since  the 
probable  accuracy  of  the  volume  cali¬ 
bration  is  0.001  cc.,  it  becomes  pos¬ 
sible  to  compute  the  gas  volume  under 
standard  conditions  with  a  probable 
accuracy  of  0.1%. 


This  calculation  is  predicated  upon 
the  behavior  of  the  sample  as  a  per¬ 
fect  gas,  a  valid  assumption  in  this 
instance,  since  it  has  been  shown  ( 1 ) 
that  under  pressures  of  150  mm. 
even  a  gas  as  imperfect  as  carbon  di¬ 
oxide  behaves  relatively  ideally. 
Furthermore,  any  volume  change 
produced  by  mixing  is  of  negligible 
magnitude.  Measurement  at  dimin 
ished  pressure,  as  practiced  in  this 
mode  of  analysis,  therefore  not 
only  serves  to  increase  the  ef¬ 
fective  gas  volume  to  a  readily 
determinable  magnitude,  but  also 
obviates  any  aberrations  due 
to  imperfection  of  the  gases  in¬ 
volved. 


505 


506 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  18,  No. 


Consider  now  the  operations  involved  in  the  analysis  of  a  sample 
containing  carbon  dioxide,  carbon- monoxide,  methane,  hydrogen, 
oxygen,  and  nitrogen.  After  measurement  of  the  total  original 
volume,  the  sample  must  be  circulated  over  the  Ascarite  to  ab¬ 
sorb  the  carbon  dioxide.  To  perform  this  operation  the  analytical 
train  is  first  thoroughly  evacuated,  and  then  shut  off  from  the 
evacuating  pumps.  The  gas  is  withdrawn  from  the  buret  with 
the  Topler  pump  (ordinarily  two  or  three  strokes  are  required  to 
empty  the  buret  completely),  and  passed  into  the  absorption 
train  through  the  left  branch  of  the  three-way  stopcock,  3,  the 
mercury  rising  as  far  as  the  base  of  stopcock  3.  To  complete 
the  circulatory  cycle,  the  bulk  of  the  gas  is  collected  through 
the  right  branch  of  stopcock  3,  by  turning  the  stopcock  to  the 
appropriate  position  and  then  lowering  the  mercury  in  the  pump. 
To  ensure  perfectly  complete  absorption  this  cycle  may  be  re¬ 
peated  two  or  three  times.  By  circulating  the  gas  over  the  ab¬ 
sorbent  in  this  fashion  it  is  possible  to  avoid  any  danger  of 
the  dead  gas  diffusion  blocking  occasionally  encountered  in  the 
Orsat  apparatus.  Finally,  the  residual  gas  sample  is  completely 
collected  through  the  right  branch  of  stopcock  3  with  three  or 
four  strokes  of  the  Topler  pump,  and  conveyed  back  into  the 
buret  where  its  temperature,  pressure,  and  volume  are  again 
measured.  Recovery  of  the  residual  sample  is  more  than  99.9% 
complete  after  four  strokes  of  the  Topler  pump.  By  invariably 
collecting  the  residual  gas  through  the  right  branch  of  cock  3 
any  water  liberated  by  the  Ascarite  (or,  later,  in  the  combustion 
of  hydrogenous  material)  is  absorbed  by  the  Anhydrone,  and  the 
gas  reaching  the  buret  is  always  in  a  state  of  uniform  dryness. 

To  provide  a  small  excess  of  oxygen  for  the  impending  com¬ 
bustion  analysis,  a  suitable  quantity  of  this  gas  is  drawn  from  its 
storage  bulb  with  the  Topler  pump,  and  added  to  the  sample  in 
the  buret,  whereupon  the  new  volume  is  measured.  The  dif¬ 
ference  between  this  volume  and  that  of  the  previous  measure¬ 
ment  represents  the  volume  of  oxygen  added.  The  diluted  gas 
sample  is  then  repeatedly  circulated  over  the  combustion  cata¬ 
lyst,  which  is  maintained  at  475°  C.,  and  the  residual  gas  is  col¬ 
lected  and  remeasured. 

The  further  operations  of  the  analysis  are  carried  through 
by  the  same  general  procedures  as  indicated  above,  and  the 
complete  analytical  scheme  is  shown  below  in  outline  form.  The 
volume,  pressure,  and  temperature  are  measured  after  each  of 
the  following  operations: 

1 .  Complete  collection  of  original  sample 

2.  Circulation  over  Ascarite  to  remove  carbon  dioxide 

3.  Addition  of  oxygen  in  small  excess,  for  combustion 

4.  Circulation  over  platinum  catalyst  at  450°  C.  to  burn 
hydrogen  and  carbon  monoxide 

5.  Circulation  over  Ascarite  to  remove  carbon  dioxide  from 
carbon  monoxide  combustion 

6.  Circulation  over  platinum  catalyst  at  950°  C.  to  burn 
methane 

7.  Circulation  over  Ascarite  to  remove  carbon  dioxide  from 
methane  combustion 

8.  Addition  of  hydrogen  in  small  excess,  for  combustion  of 
excess  oxygen 

9.  Circulation  over  hot  platinum  catalyst  to  bum  excess 
oxygen 

All  the  readings  of  temperature,  pressure,  and  volume  collected 
in  the  above  scheme  are  converted  to  the  corresponding  volumes 
at  normal  temperature  and  pressure.  If  the  term  vx  is  made  to 
refer  to  the  N.T.P.  volume  after  the  x’th  operation  above,  then 
the  analytical  results  are  given  in  the  following  set  of  formulas. 
It  will  be  observed  that,  with  the  exception  of  oxygen,  all  the 
components  are  determined  from  relatively  simple,  direct 
formulas,  and  a  relatively  high  order  of  accuracy  may  be  ob¬ 
tained.  The  oxygen  content  is  calculated  indirectly  and  is, 
therefore,  subject  to  cumulative  errors.  However,  even  in  this 
unfavorable  case,  a  probable  accuracy  of  0.5%  may  still  be  ob- 


tained. 

%co2 

100 

volume  of  C02  v,  —  v2 

total  volume  Vi 

volume  of  C02  after  475  °  C. 

%co 

volume  of  CO 

combustion 

100 

total  volume 

Vt  —  vb 

total  volume 

Vl 


2/3  (volume  of  contraction  due 

%H2  _  volume  of  H2  _  _ to  H2  combustion) _ 

100  total  volume  total  volume 

2/3  (total  475°  C.  volume  of  contraction  — 
_ contraction  due  to  CO) _ 

total  volume 

_  2/3  [fa  —  Vi)  —  1/2  (t>4  —  t>5)]  _  2v-j  —  3d4  +  Vo  _ 

Vi  Zvi 

C02  volume  after  850  0  C.  combustion  _  v6  — 
total  volume  Vi 


1  /2  (volume  of  contraction  due 
to  850°  C.  combustion) 
total  volume 


(total  N2  and  02  residue  after  3i 
%N2  _  volume  of  N2  _  Ascarite  passage  —  residual  oxygei 
100  total  volume  —  total  volume 

Vt  —  1/3  (vg  —  V9)  3v7  —  vs  +  v9 

Vi  Zvi 

(02  theoretically  used  — 

%02  _  volume  of  02  _  02  apparently  used) 

100  total  volume  total  volume 

(02  equivalent  of  H2,  CO,  and  CH4  — 

02  apparently  used) 
total  volume 

1/2  Vh8  +  1/2  Vqo  +  2  Wch,  ~ 

(02  put  in  —  02  residue) 
total  volume 

- g - 1 - 2 - h  2  (*»«  -  *tr)  - 

(v3  ~  Vi)  +1/3  (vs  —  vi) 

Vi 

Zv2  —  2v3  —  vb  +  6i>s  —  6vj  +  vs  —  vs 
3vi 

FRACTIONAL  COMBUSTION 

The  fractional  combustion  on  a  platinum  catalyst  of  hydrog< 
and  carbon  monoxide  in  the  presence  of  methane  and  exce 
oxygen  is  the  vital  step  in  this  procedure,  for  the  validity  ! 
which  sufficient  evidence  is  not  to  be  found  in  the  literatur 
Although  fractional  combustion  on  oxide  catalysts,  especial 
cupric  oxide,  has  long  been  known  and  practiced,  it  does  n 
appear  to  be  expedient  if  a  determination  of  oxygen  is  in  prosper 
since  these  “catalysts”  may  themselves  furnish  a  portion  of  tl 
oxygen  used  in  the  combustion.  Therefore,  the  possibility 
using  a  noble  metal  catalyst  in  fractional  combustion  process  i 
has  been  studied. 

A  somewhat  analogous  case  has  been  investigated  by  Richan 
(5),  using  a  heated  palladium  tube.  In  the  course  of  his  r 
search  he  noted  that  if  hydrogen  were  mixed  with  methaD 
combustion  of  methane  occurred  at  temperatures  far  too  low 
burn  it  when  it  was  unmixed  with  hydrogen.  This  phenomem 
was  attributed  to  the  strong  heating  of  the  catalyst  by  the  cor 
bustion  of  the  relatively  large  quantities  of  hydrogen  preseri 
and  though  this  difficulty  has  been  rather  generally  noted  i 
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ractional  combustion  work,  it  is  not  to  be  anticipated  in  the 
•resent  instant  in  view  of  the  low  pressures  of  the  gases  in- 
olved. 

Because  of  the  cost,  fragility,  and  tendency  of  a  palladium  tube 
atalyst  to  develop  leaks,  preliminary  tests  were  made  to  dis- 
over  whether  an  entirely  enclosed  platinum  catalyst  could  be 
sed  for  the  fractional  combustion. 

In  the  first  trial  1  gram  of  platinized  asbestos,  previously 
eated  to  redness  in  air,  was  packed  into  the  quartz  tube.  It 
■as  then  found  that  when  measured  small  quantities  of  oxygen 
-ere  circulated  over  the  catalyst,  while  the  latter  was  heated  to 
right  redness,  1  to  2%  of  the  sample  was  lost.  A  second  passage 
f  the  same  gas  sample  over  the  catalyst  resulted  in  a  further  loss 
f  1  to  2%,  so  that  the  loss  cannot  be  attributed  to  a  combustible 
npurity  in  the  oxygen,  which,  moreover,  had  already  been 
"eated  with  hot  platinized  asbestos  during  its  purification.  Con- 
iquently,  the  asbestos  was  discarded  in  favor  of  a  small  roll  of 
latinum  foil.  The  oxygen  loss  was  then  reduced  to  0.5%. 

The  combustion  catalyst  tube  was  then  remodeled  along  lines 
riginally  suggested  by  Hempel  (4),  and  the  combustion  catalyst 
insisted  of  a  5-cm.  length  of  No.  22  platinum  wire  inserted  in 
le  2-mm.  bore  of  the  quartz  combustion  capillary  tube.  With 
lis  catalyst  renewed  tests  with  small  measured  oxygen  samples 
wealed  a  loss  of  only  0.1%  when  the  sample  was  circulated  over 
re  catalyst  at  475°  C.,  and  a  loss  of  0.2%  when  the  circulation 
as  performed  at  850°  C.  These  losses  were  accurately  repro- 
ucible,  and  since  they  were  close  to  the  limiting  experimental 
"ror,  no  further  attempt  to  reduce  them  has  been  made. 

The  explanation  of  these  oxygen  losses,  while  it  may  he  in  a 
■ace  of  copper  in  the  platinum,  probably  resides  in  physical 
isorption  or  solution  of  oxygen  by  the  platinum.  Such  ab- 
•rption  has  been  reported  by  Sieverts  (6)  as  increasing  with 
sing  temperature,  in  line  with  the  present  observations.  Fur- 
lermore,  the  recovery  of  such  dissolved  gas  would  be  extremely 
ow  (7),  in  line  with  the  author’s  experience  that,  after  the 
assage  of  oxygen  over  the  catalyst,  prolonged  evacuation  is  re- 
aired  before  the  combustion  tube  can  be  pumped  flat. 

Avery  small,  though  unmistakable,  loss  of  oxygen  (.circa  0.05%) 
hen  a  measured  sample  of  this  gas  was  circulated  through  other 
arts  of  the  line  is  almost  certainly  attributable  to  reaction  of  the 
<ygen  with  the  stopcock  grease,  especially  since  a  100%  re- 
>very  was  always  secured  when  measured  quantities  of  other 
ases  were  circulated  through  the  line.  The  error  in  the  case  of 
sygen  is  negligible  in  any  event. 


Figure  2.  Combustion  of  Methane  on  a  Platinum 
Catalyst 

With  the  final  form  of  catalyst  tube  the  extent  of  combustion 
f  methane-oxygen  mixtures,  as  a  function  of  catalyst  tempera- 
ire,  was  studied.  The  results  shown  in  Figure  2  represent  the 
er  cent  combustion  during  a  single  slow  passage  through  the 


catalyst  tube  of  a  uniform  methane-oxygen  mixture  containing 
excess  oxygen.  It  is  apparent  that  at  475°  C.  only  about  0.1% 
of  the  methane  is  burned  on  passage  over  the  catalyst,  yet  at  this 
temperature  hydrogen-oxygen  and  carbon  monoxide-oxygen 
mixtures  were  found  to  burn  rapidly  and  completely  on  the 
catalyst.  Consequently,  the  preliminary  data  collected  with 
these  binary  mixtures  strongly  indicate  the  possibility  of  a  suc¬ 
cessful  low-pressure  fractional  combustion  on  a  platinum  cata¬ 
lyst.  That  such  fractionation  does  occur  satisfactorily  even  for 
mixtures  of  all  the  combustible  components  is  proved  by  the 
outcome  of  control  analyses. 


Table  I.  Tests  of  Synthetic  Mixtures 


Analysis 

No. 

Total  Volume 
of  Sample 

Cc.  N.T.P 

h2 

% 

CO 

% 

CH< 

% 

1 

1.104 

Given 

Found 

55.7 

55.7 

28.15 

28.3 

16.15 

16.0 

2 

1.031 

Given 

Found 

58.3 

58.0 

31.1 

31.4 

10.6 

10.6 

3 

0.926 

Given 

Found 

64.45 

64.3 

30.1 

30.3 

5.5 

5.4 

4 

1.237 

Given 

Found 

79.3 

79.1 

17.3 

17.5 

3.5 

3.45 

5 

1.258 

Given 

Found 

52.9 

52.9 

43.3 

43.3 

3.8 

3.9 

CONTROL  ANALYSES 

In  preparation  for  the  control  trials,  several  samples  of  pure 
gases  were  prepared. 

Hydrogen  and  oxygen  were  generated  in  an  all-glass  cell,  by 
electrolysis  of  10%  sulfuric  acid  between  platinized  platinum 
electrodes,  and  purified  in  identical  trains  by  successive  passage 
over  fused  potassium  hydroxide,  hot  platinized  asbestos,  fused 
potassium  hydroxide,  and  phosphorus  pentoxide.  The  hydrogen 
so  prepared  assayed  100%  pure  when  burned  with  excess  oxygen; 
and  the  oxygen,  when  freshly  prepared,  assayed  100%  pure  when 
burned  with  excess  hydrogen. 

Despite  the  original  high  purity  of  the  oxygen,  it  was  found  to 
contain  small  but  appreciable  quantities  of  volatile,  partially 
oxygenated  organic  compounds  after  standing  for  some  months 
in  the  storage  bulb.  The  source  of  this  material  probably  lies 
in  the  vaseline-rubber  (Ramsay)  grease  originally  used  to  lubri¬ 
cate  the  bulbs’  stopcocks.  Although  it  has  been  known  for  some 
time  that  oxygen  attacks  such  grease  (3),  the  formation  of  vola¬ 
tile  reaction  products  does  not  appear  to  have  been  previously 
noted.  Considerably  better  though  not  perfect  preservation 
was  found  when  the  Ramsay  grease  was  replaced  with  Apiezon 
M.  Analytical  aberrations  due  to  the  progressive  contamina¬ 
tion  of  the  oxygen  may  be  avoided  by  always  drawing  the  oxygen 
into  the  analytical  train  through  a  liquid  air  trap  packed  with 
glass  wool;  or  by  preparing  a  fresh  supply  of  oxygen  about  once 
a  month. 

Carbon  monoxide  was  generated  by  the  action  of  hot  85% 
phosphoric  acid  on  85%  formic  acid  (S).  The  gas  was  purified  by 
passage  through  a  sodium  hydroxide  scrubber  and  over  fused 
potassium  hydroxide  and  phosphorus  pentoxide.  The  final 
purity,  as  assayed  by  combustion  with  excess  oxygen,  was 
99.9%.  The  trace  of  impurity  may  have  been  due  to  slightly 
incomplete  removal  of  dissolved  air  in  the  formic  acid. 

Methane  was  prepared  by  the  cautious  pyrolysis  of  an  equiv¬ 
alent  mixture  of  sodium  acetate  and  sodium  hydroxide.  This 
crude  gas  was  purified  by  successive  passage  through  a  dust 
trap,  a  dry  ice  trap  (for  the  removal  of  water  vapor),  a  packed 
dry  ice  trap  containing  a  good  grade  of  coconut  charcoal  pre- 
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viously  outgassed  at  .500°  C.  (for  the  removal  of  the  bulk  of  the 
ethane  and  any  other  materials  of  low  volatility),  and  thence 
into  a  liquid  air  trap.  There  followed  ten  bulb-to-bulb  frac¬ 
tional  distillations  in  which  large  fore  and  after  fractions  were  dis¬ 
carded.  The  best  fraction  finally  collected  assayed  100%  pure 
on  the  basis  of  the  volume  contraction  consequent  upon  com¬ 
bustion  with  excess  oxygen,  and  also  on  the  basis  of  the  carbon 
dioxide  produced  in  such  combustion. 

Several  synthetic  test  mixtures  were  made  up  from  the  pure 
gas  samples  and  used  to  test  the  satisfactory  operation  of  the 
apparatus  as  a  whole,  and  the  validity  of  the  fractional  com¬ 
bustion  in  particular.  The  results  obtained,  as  shown  in  Table 
I,  were  gratifying  in  both  respects. 
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Determination  of  Nicotine  in  the  Air 

WILLIAM  E.  McCORMICK1  and  MAXINE  SMITH 
Division  of  Industrial  Hygiene,  North  Carolina  State  Board  of  Health,  Raleigh,  N.  C. 


A  method  for  detemining  nicotine  in  the  air,  existing  either  in  the 
form  of  tobacco  dust  or  as  free  vapor,  has  been  outlined.  The 
method  consists  of  collecting  the  dust  or  vapor  by  means  of  an 
impinger,  freeing  the  nicotine  (in  the  case  of  dust)  by  alkalizing, 
developing  a  characteristic  color  with  /3-naphthylamine  and  cyanogen 
bromide  in  the  presence  of  acetate,  and  suitab'y  measuring  the 

A  SEARCH  of  the  literature  reveals  the  absence  of  any  satis¬ 
factory  method  for  the  determination  of  nicotine  in  the 
air.  In  order  properly  to  evaluate  either  existing  or  potential 
health  hazards  in  industrial  establishments,  where  workers  are 
exposed  to  either  nicotine  vapors  or  tobacco  dust,  this  determi¬ 
nation  is  necessary.  Moskalev  (13)  has  published  a  method  which 
involves  a  differential  titration  using  a  mixture  of  indicators,  pre¬ 
ceded  by  lengthy  removal  of  interfering  substances  and  steam- 
distillation.  When  dealing  with  small  quantities  of  either  nico¬ 
tine  or  dust  and  with  numerous  samples — conditions  usually 
encountered  in  industrial  hygiene  investigations — The  need  for 
a  more  satisfactory  method  of  determination  is  obvious. 

Nicotine  produces  a  colorimetric  reaction  with  cyanogen  bro¬ 
mide  in  the  presence  of  an  aromatic  amine.  Konig  (7)  first  ob¬ 
served  the  reaction,  which  has  since  been  utilized  by  Barta  and 
Marschek  (3)  and  by  Markwood  (11)  for  the  determination  of 
nicotine  in  tobacco  leaf.  It  was  felt  that  the  method  as  developed 
by  Markwood  (9,  10)  held  promise  for  industrial  hygiene  work, 
and  with  some  modifications  could  be  made  to  yield  satisfactory 
results. 

Nicotine  may  exist  in  the  air  in  the  form  of  the  vapor  itself,  or 
as  the  chief  alkaloid  of  tobacco  dust.  In  either  case,  it  can  be 
satisfactorily  collected  by  the  impinger.  This  device  has  been 
described  by  Bloomfield  and  DallaValle  (4),  Jacobs  (6),  and 
others.  In  its  use  by  the  authors  for  nicotine,  distilled  water 
was  used  as  the  collecting  liquid. 

REAGENTS  AND  APPARATUS 

Impinger.  Standard  Pyrex  all-glass  graduated  model  as  de¬ 
scribed  by  DallaValle  (5)  and  sold  commercially  by  laboratory 
supply  houses.  A  source  of  suction,  with  a  suitable  flow-measur¬ 
ing  device,  to  operate  the  impinger  at  a  rate  of  flow  of  1  cubic  foot 
per  minute  is  needed. 

Centrifuge.  Any  commercial  model  on  which  15-ml.  tubes 
can  be  used  and  which  can  be  operated  at  3000  r.p.m.  is  satis¬ 
factory. 

Spectrophotometer  (or  photoelectric  colorimeter).  Any 
commercial  model  on  which  the  measurement  can  be  satisfac¬ 
torily  made  at  490  m^  with  necessary  cells  (or  tubes)  and  other 
accessories.  In  this  investigation  an  Evelyn  photoelectric  colorim- 


1  Present  address,  Division  of  Industrial  Hygiene,  Georgia  Department  of 
Public  Health,  Atlanta,  Ga. 


intensity  of  the  color  so  produced.  Optimum  conditions  of  pH, 
temperature,  time  of  development,  concentration,  and  volume  of 
reagents  were  determined.  Data  are  also  given  on  the  extent  of 
potential  interfering  compounds.  A  minimum  concentration  of 
0.25  microgram  of  nicotine  per  milliliter  of  solution  can  be  deter¬ 
mined  by  the  method  outlined  with  a  cell  depth  of  2  cm. 

eter  (Rubicon  Co.,  Philadelphia,  Pa.)  was  used  for  all  readings 
except  the  S-T  data,  which  were  obtained  on  a  Coleman  spectro¬ 
photometer,  Model  11. 

Centrifuge  Tubes,  15-ml.  Pyrex,  graduated  in  0.1  ml. 

Chemical  Glassware.  Graduated  pipets,  1-,  5-,  10-ml. 
sizes,  all  graduated  in  0. 1  ml. ;  volumetric  flasks  and  reagent 
bottles. 

Microburet. 

Cyanogen  Bromide.  Six  grams  of  reagent  grade  cyanogen 
bromide  (Eastman  No.  919)  dissolved  in  each  100  ml.  of  95% 
(redistilled)  ethyl  alcohol. 

Caution.  The  vapors  of  cyanogen  bromide  are  extremely  ir¬ 
ritating  and  toxic  and  should  not  be  inhaled.  The  solid  reagent 
readily  vaporizes  at  room  temperature.  It  should  therefore  1m 
thoroughly  cooled  in  the  refrigerator  before  being  dissolved,  ant 
the  weighing  and  dissolving  should  be  done  under  an  exhaust 
hood.  The  solution  keeps  well  in  a  dark  bottle  at  room  tem¬ 
perature,  but  for  use  it  is  desirable  that  it  be  cold.  It  is  there¬ 
fore  recommended  that  it  be  kept  in  the  refrigerator.  When  sc 
stored,  it  keeps  almost  indefinitely. 

/3-Naphthylamine.  Reagent  grade  /3-naphthylamine  (0J 
gram)  dissolved  in  each  100  ml.  of  95%  (redistilled)  ethyl  alcohol 
The  solution  should  be  stored  in  a  dark  bottle  and  kept  in  tin 
refrigerator  to  ensure  its  being  at  a  constant  cold  temperature  I 
prior  to  use. 

Sodium  Hydroxide,  30%  solution.  Thirty  grams  of  sediun 
hydroxide  per  100  ml.  of  distilled  water. 

Acetic  Acid.  Two  aqueous  solutions:  1  to  20  and  1  to  2000 
made  by  diluting  glacial  acetic  acid. 

Alcoholic  Potassium  Acetate.  Two  grams  of  the  salt  dis¬ 
solved  in  100  ml.  of  95%  (redistilled)  ethyl  alcohol.  This  solutioi 
should  be  kept  in  the  refrigerator  to  ensure  its  being  at  a  constan 
cold  temperature  prior  to  use. 

Phenolphthalein  Indicator.  Usual  0.04%  alcoholic  sol  i  j 
tion. 

Standard  Nicotine.  An  accurately  weighed  portion  (20  t< 
25  mg.)  of  reagent  grade  nicotine  (Eastman  No.  1242)  is  sealecl 
into  a  small  thin-walled  glass  bulb.  This  is  broken  under  wate 
into  a  50-ml.  glass-stoppered  flask,  the  volume  of  water  being  equa 
in  milliliters  to  the  weight  of  nicotine  in  milligrams.  Thus,  1  ml 
of  this  solution  contains  1  mg.  of  nicotine.  The  required  volunn 
of  water  is  accurately  added  from  a  graduated  pipet  or  buret 
with  the  last  few  drops  rinsing  the  stirring  rod  used  for  breakup 
the  bulb.  Ten  milliliters  of  this  solution  are  made  up  to  500  mil 
with  distilled  water  in  a  500-ml.  glass-stoppered  volumetri 
flask.  This  final  solution  contains  20  micrograms  of  nicotine  pel 
milliliter  and  is  used  for  preparing  the  standards.  Both  solution! 
will  keep  for  some  time  (at  least  2  months)  in  the  dark  withou  j 
any  noticeable  depreciation  in  strength. 

Distilled  Water  (adjusted  pH).  For  making  up  to  volum 
the  standards  used  in  preparing  the  calibration  curve,  distilled 
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vater  should  be  neutralized  (with  potassium  hydroxide  and 
icetic  acid)  just  to  the  disappearance  of  the  phenolphthalein 
■nd  point,  thus  ensuring  pH  of  the  standard  solutions  within  the 
)roper  range. 


PROCEDURE 

The  contaminated  air  is  drawn  through  the  impinger  in  the 
lsual  manner  at  a  rate  of  1  cubic  foot  per  minute.  The  volume  of 
lir  sampled  should  be  such  that  the  total  quantity  of  nicotine 
collected  is  at  least  50  micrograms.  If  protected  from  light,  the 
ield  samples  can  be  kept  for  several  days  without  any  noticeable 
ieterioration  in  nicotine  content  . 

Sufficient  distilled  water  is  added  to  the  impinger  to  bring  the 
otal  volume  to  the  100-ml.  mark.  After  thorough  shaking,  a 
10  to  11-ml.  aliquot  is  removed  to  a  graduated  (15-ml.)  centri- 
uge  tube.  The  exact  volume  of  the  aliquot  is  noted,  0.1  ml.  of 
10%  sodium  hydroxide  is  added,  and  the  tube  is  stoppered  and 
occasionally  shaken  during  a  10-  to  15-minute  period.  The  alkali 
•eleases  free  nicotine  from  the  tobacco  dust.  (If  free  nicotine 
rapor  is  being  determined,  this  step  can  be  eliminated.  The 
solution  should,  however,  be  carefully  neutralized  and  centri- 
uged  as  described  below.)  At  the  end  of  that  time,  2  drops  of 
ohenolpht halein  indicator  are  added  and  the  solution  is  care- 
ully  neutralized  with  acetic  acid  to  the  disappearance  of  any 
pink  color.  The  neutralization  is  accomplished  with  the  1  to  20 
solution  until  the  end  point  is  approached  and  then  carefully  com¬ 
pleted  with  the  1  to  2000  solution,  using  a  small-bore  pipet.  An 
excess  of  acid  must  be  avoided.  The  volume  is  read  accurately 
to  the  nearest  0.1  ml.  The  tube  is  then  centrifuged  for  at  least 
20  minutes  at  approximately  3000  r.p.m.  At  the  end  of  this  time 
ill  the  suspended  dust  should  be  deposited  in  the  bottom  of  the 
tube.  If  not,  additional  centrifuging  is  necessary. 

Exactly  10  ml.  are  carefully  pipetted  from  the  centrifuge  tube 
and  transferred  to  the  colorimeter  tube.  The  volume  in  the  cen¬ 
trifuge  tube  should  be  at  least  11  ml.  for  ease  of  removal  of  the. 
aliquot.  Two  milliliters  of  the  alcoholic  potassium  acetate  solu¬ 
tion  and  4  ml.  of  the  /3-naphthylamine  reagent  are  added.  The 
tube  is  shaken  to  ensure  thorough  mixing,  the  transmission  meas¬ 
ured  (to  correct  for  any  color  resulting  from  the  tobacco  as  de¬ 
scribed  below),  and  1  ml.  of  the  cyanogen  bromide  solution 
added.  The  tube  is  again  thoroughly  shaken  and  then  placed 
in  the  dark  for  development  of  the  color  for  30  minutes  at  22°  to 
28°  C.  In  order  to  minimize  temperature  variations  and  to  ob¬ 
tain  uniform  results,  the  potassium  acetate,  /3-naphthylamine, 
and  cyanogen  bromide  reagents  should  be  cooled  to  some  con¬ 
stant  temperature,  say  5°  C.,  and  used  at  this  temperature.  The 
cooling  is  also  desirable  to  reduce  the  heat  of  dilution  which  re¬ 
sults  upon  mixing.  The  light  transmission  is  then  measured  on  a 
photoelectric  colorimeter  or  spectrophotometer  at  490  m,u  and 
the  nicotine  determined  by  referring  the  reading  obtained  to  a 
previously  prepared  calibration  curve  of  micrograms  of  nicotine 
vs.  galvanometer  readings.  A  blank  tube,  containing  10  ml.  of 
distilled  water  and  the  same  volume  of  all  the  reagents  as  used 
in  the  unknown,  is  used  to  obtain  the  100%  transmission  read- 
ing. 

The  total  quantity  of  nicotine  in  the  impinger  is  calculated 
from  the  formula: 


Y  T 


IOyE-2 

Vi 


where  yx 
Y 

Vi 

Vi 


micrograms  of  nicotine  in  impinger 
mic.rograms  of  nicotine  in  10-ml.  aliquot  as  read 
from  curve 

volume  (ml.)  of  aliquot  removed  from  impinger  for 
analysis 

volume  (ml.)  after  final  neutralization 


If  the  colorimeter  or  spectrophotometer  employed  utilizes  a 
transmission  cell  inadequate  in  size  to  accommodate  mixing  the 
above  volumes  of  sample  and  reagents,  the  solutions  can  be 
mixed  and  developed  in  suitable  volumetric  flasks  and  then 
transferred  to  the  instrument  cell  for  transmission  measurement. 

Preparation  op  Calibration  Curve.  The  curve  against 
which  the  samples  are  referred  for  determination  of  nicotine  con¬ 
tent  is  prepared  in  the  customary  manner  by  adding  to  four 
colorimeter  tubes  0.25,  0.5,  1.0,  and  2.0  ml.,  respectively,  of  the 
standard  nicotine  solution.  This  corresponds  to  nicotine  con¬ 
tents  of  5,  10,  20,  and  40  micrograms.  A  microburet  should  be 
used  for  the  measurement.  A  sufficient  quantity  of  the  distilled 
water,  whose  pH  has  been  adjusted  as  described  above,  is  added 
to  make  up  each  to  a  total  of  10  ml.  The  reagents  and  the  de¬ 
velopment  of  color  are  identical  to  those  already  described  for 
the  samples.  The  transmission  readings  are  plotted  on  the 


Figure  1.  Time  and  Temperature  Effects  on  Color  Intensity 


logarithmic  axis  vs.  the  nicotine  content,  in  micrograms,  on  the 
arithmetic  axis  of  semilogarithmic  graph  paper.  A  straight  line 
should  result. 

VARIABLES  DETERMINING  COLOR  DEVELOPMENT 

Markwood  (10)  has  investigated  thoroughly  the  quantitative 
characteristics  of  this  color  reaction,  and  his  investigations  have 
formed  the  basis  of  the  authors’  work.  In  several  cases,  however, 
they  have  been  able  to  obtain  increased  sensitivity  and  more 
consistent  results  by  changing  both  the  concentration  and  the 
order  of  the  addition  of  some  or  all  of  the  reagents.  The  results 
of  their  investigations  into  the  several  variables  and  the  deter¬ 
mination  of  the  optimum  conditions  entering  into  the  chromogen 
formation,  are  described  below. 

Temperature  and  Development  Time.  The  effect  of  tem¬ 
perature  and  time  of  development  was  investigated  by  using  a 
series  of  eight  solutions,  all  containing  40  micrograms  of  nicotine 
in  10  ml.  of  distilled  water,  and  all  developed  as  outlined  in  the 
Procedure.  The  environmental  temperature  at  which  develop¬ 
ment  occurred  was  varied  by  using  either  small  water  baths  or 
heated  cabinets.  The  actual  temperature  of  the  solution  itself 
is  determined  not  only  by  the  environmental  temperature  but 
by  the  temperature  of  the  reagents.  Accordingly,  four  of  the 
solutions  were  developed  with  reagents  taken  directly  from  a  re¬ 
frigerator  kept  at  a  temperature  of  5°  C.,  while  the  remaining 
four  were  developed  with  reagents  at  xoom  temperature  (28°  C.). 
The  temperature  of  each  solution  was  checked  at  15-minute  in¬ 
tervals  as  the  color  development  proceeded  and  the  mean  of  these 
values  is  given  on  each  curve  in  Figure  1.  The  transmission  was 
also  read  at  15-minute  intervals,  and  the  results  are  shown 
graphically  in  the  figure,  with  time  of  development  plotted 
against  transmission  readings  (%). 

The  curve  corresponding  to  the  temperature  of  15.7°  C.  was 
obtained  by  development  in  the  refrigerator  (5°  C.).  The  solu¬ 
tion  became  turbid,  owing  to  salt  crystallization  at  this  tempera¬ 
ture.  With  the  exception  of  this  curve,  the  remaining  data  indi¬ 
cate  that  the  time  required  for  maximum  intensity  of  color  in¬ 
creases  markedly  as  the  temperature  becomes  lower  and  vice 
versa,  and  that  the  intensity  is  more  greatly  affected  by  tempera¬ 
ture  changes  as  the  time  of  development  proceeds.  This  is  es¬ 
pecially  true  after  30  minutes.  For  this  reason,  because  the 
point  of  maximum  intensity  approximates  25  to  30  minutes, 
depending  upon  the  temperature,  and  finally  because  the  inter¬ 
ference  from  nornicotine  is  relatively  small  at  the  end  of  this 
time,  30  minutes  was  selected  as  the  proper  time  of  development. 
By  keeping  the  reagents  at  a  constant  temperature  in  the  re¬ 
frigerator,  less  variation  results  in  the  intensity  readings,  and 
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with  an  environmental  temperature,  of  22°  to  28°  C.  reasonably 
consistent  results  can  be  obtained.  If  the  reagents  are  not 
cooled  prior  to  use,  sufficient  heat  of  dilution  results  upon  mixing 
the  alcoholic  and  water  solutions  to  cause  an  immediate  tem¬ 
perature  rise  with  much  more  rapid  fading  of  color. 

pH  of  Solution.  Markwood  (10)  found  an  optimum  pH  of 
10  for  his  solutions,  but  a  satisfactory  pH  at  the  phenolphthalein 
end  point  (pH  approximately  8).  The  authors  investigated  the 
effect  of  varying  the  pH  of  the  solution  (before  addition  of  the 
/3-naphthylamine  and  cyanogen  bromide)  upon  the  color  de¬ 
velopment.  The  results  are  shown  in  Table  I. 


Table  1.  Effect  of  pH 

on 

Color  Intensity 

pH 

Transmission 

pH 

Transmission,  % 

5.7 

14.0 

7.4 

11.3 

5.7 

14.3 

7.4 

11.3 

6.8 

11.3 

9.1 

11.3 

6.8 

11.0 

9.1 

11.0 

These  data  were  procured  prior  to  the  establishment  of  the 
final  procedure,  and  differ  from  it  only  in  that  5  ml.  of  /3-naphthyl¬ 
amine  instead  of  the  finally  adopted  4  ml.  were  used.  All  the 
samples  contained  80  micrograms  of  nicotine  in  10  ml.  of  distilled 
water.  Following  the  addition  of  the  acetate  solution,  the 
pH  was  varied  by  using  a  few  drops  of  very  dilute  potassium  hy¬ 
droxide  and  acetic  acid  and  measuring  the  pH  with  a  glass  elec¬ 
trode  potentiometer.  The  color  was  developed  with  /3-naphthyl¬ 
amine  and  cyanogen  bromide  and  read  in  the  usual  manner. 
The  results  indicate  no  measurable  difference  in  color  intensity 
over  the  range  6.8  to  9.1  and  satisfactory  neutralization' to  the 
phenolphthalein  end  point.  An  excess  of  acid,  however,  de¬ 
creases  the  intensity  of  color. 

Acetate  Concentration.  Markwood  (10)  reported  that  the 
presence  of  acetate  markedly  intensified  the  color,  while  the  pres¬ 
ence  of  either  chloride  or  sulfate  decreased  it.  These  same 
facts  were  confirmed  by  the  authors.  In  some  preliminary  ex¬ 
periments  they  observed  that  tartrate  ion  will  also  intensify  the 
color,  but  to  a  lesser  extent  than  acetate.  They  observed  no 
measurable  difference  in  results  when  using  either  sodium  or 
potassium  acetate,  but  adopted  the  potassium  salt  because  of  its 
greater  solubility  in  alcohol.  The  need  for  the  alcoholic  solu¬ 
tion  is  discussed  below. 

The  effect  of  varying  the  acetate  concentration  on  color  in¬ 
tensity  is  shown  in  Table  II.  All  samples  contained  40  micro¬ 
grams  of  nicotine  in  10  ml.  of  distilled  water,  and  2  ml.  of  alcoholic 
potassium  acetate  of  the  indicated  concentration.  They  were 
developed  as  outlined  in  the  Procedure. 


Table  II.  Effect  of  Acetate  Concentration  on  Color  Intensity 


Sample 

Concentration  of 

kc2h3o2 

Concentration  in 

No. 

KC2H3O2  Used 

Final  Volume 

Transmission 

% 

G./100  ml. 

% 

1 

0 

0 

45.0 

2 

0.5 

0.06 

39.0 

3 

1.0 

0.12 

31.0 

4 

2.0 

0.24 

27.0 

6 

4.0 

0.47 

31.0 

The  maximum  intensity  occurring  at  or  near  a  concentration 
of  0.24  gram  per  100  ml.  agrees  with  Markwood’s  value  (10) 
(sodium  acetate)  of  0.2  gram  per  100  ml.  Additional  deter¬ 
minations  in  the  0.25  region  might  shift  the  value  somewhat 
either  way,  but  the  small  difference  in  intensity  observed  between 
the  0.12  and  0.47  values  did  not  warrant  these.  Hence  2  ml. 


of  2%  solution  were  adopted  as  the  final  acetate  concentration 
to  be  used. 

Sequence  of  Addition  of  Reagents.  In  the  initial  phase 
of  this  investigation,  the  cyanogen  bromide  solution  was  added 
prior  to  the  /3-naphthylamine,  but  it  was  impossible  to  obtain 
consistent  results.  The  reason  for  this  inconsistency  could  not 
be  determined  until  quite  by  chance  the  order  of  adding  these 
reagents  was  reversed;  reproducible  results  could  then  be  ob¬ 
tained  readily.  The  time  elapsing  between  the  addition  of  the 
cyanogen  bromide  and  /3-naphthylamine  solutions,  when  this  was 
the  order  of  addition,  was  an  inverse  function  of  the  color  in¬ 
tensity  obtained,  the  greatest  intensity  being  obtained  with  the 
least  elapsed  time  between  the  additions.  No  quantitative  study 
was  made  of  this,  inasmuch  as  it  was  found  that  the  difficulty 
could  be  overcome  by  merely  reversing  the  order  in  which  the  two 
reagents  were  added  to  the  solution.  Sometime  after  observing 
this,  the  authors’  attention  was  called  to  the  work  of  Lamb  (8) 
with  nicotinic  acid  in  which  he  found,  when  using  cyanogen 
bromide  and  aniline  as  reagents,  that  consistent  results  were 
obtained  only  if  the  aniline  was  added  prior  to  the  cyanogen  bro¬ 
mide.  His  results  differ  from  the  authors’,  however,  in  that  he 
found  the  color  intensity  increasing  as  the  elapsed  time  increased, 
when  adding  the  cyanogen  bromide  before  the  aniline. 

It  is  important,  therefore,  that  in  all  cases  the  /3-naphthylamine 
solution  be  added  prior  to  the  cyanogen  bromide. 


Table  III.  Effect  of  /3-Naphthylamine  and  Cyanogen  Bromide 
Concentrations  on  Color  Intensity 

, - — - Transmission,  Per  Cent - - 


0.3% 

0.6% 

0.9% 

/3-naphthylamine 

/3-naphthylamine 

/S-naphthylamine 

CNBr,  Ml. 

4  ml. 

5  ml. 

4  ml. 

5  ml. 

4  ml. 

5  ml. 

1  (1%) 

50.0 

50.0 

53.5 

60.0 

Turbid 

64.0 

1  (4%) 

30.8 

33.3 

28.8 

31.0 

Turbid 

36.3 

1  (6%) 

1  (8%) 

31.3 

31.3 

25.0 

28.3 

Turbid 

30.8 

36.5 

34.5 

30.0 

32.3 

Turbid 

32.0 

Concentrations  and  Volumes  of  Cyanogen  Bromide  and 
/3-Naphthylamine.  The  concentrations  of  both  cyanogen  bro¬ 
mide  and  /3-naphthylamine  were  believed  to  influence  the  in¬ 
tensity  of  color.  Likewise,  the  final  volume  of  solution  deter¬ 
mines  inversely  the  concentration  of  chromogen.  The  use  of  a 
10-ml.  aliquot  of  sample  appeared  to  be  most  logical  from  the 
standpoint  of  representative  sampling,  sensitivity,  and  suit¬ 
ability  for  centrifuge  tubes.  A  minimum  volume  of  aliquot  was 
desired,  inasmuch  as  additional  determinations  were  frequently 
required  on  the  same  impinger  sample.  Accordingly  the  effects  of 
varying  the  concentrations  of  both  cyanogen  bromide  and  /3- 
naphthylamine,  and  the  volume  of  the  latter,  were  studied,  with 
the  results  shown  in  Table  III. 


WAVELENGTH  (MILLIMICRONS) 

Figure  2.  Spectral  Transmission  Curve  for 
Nicotine 


August,  1946 
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MICROGRAMS  NICOTINE  (OR  NORNICOTINE) 

Figure  3.  Interference  of  Nornicotine  » 


All  the  previously  mentioned  solutions  contained  40  micro- 
grams  of  nicotine  in  10  ml.  of  distilled  water  (the  pH  of  which 
had  been  adjusted  as  described  under  Procedure  to  the  phenol- 
phthalein  end  point),  1  ml.  of  alcoholic  potassium  acetate  re¬ 
agent,  and  the  indicated  volumes  of  /3-naphthylamine  and  cyano¬ 
gen  bromide.  In  all  cases  the  percentage  concentration  refers 
to  the  weight  of  the  amine  in  grams,  equal  to  the  indicated  per¬ 
centage,  dissolved  in  100  ml.  of  95%  ethyl  alcohol.  The  colors 
were  developed  in  the  usual  manner  as  outlined  in  the  Procedure. 

An  inspection  of  Table  III  reveals  that  the  maximum  intensity 
of  color  results  from  the  use  of  1  ml.  of  6%  cyanogen  bromide 
and  4  ml.  of  0.6%  /3-naphthylamine  with  the  volume  of  aliquot 
used  (10  ml.).  Markwood  ( 9 ,  10)  used  a  cyanogen  bromide 
solution  approximating  0.8%  and  a  /3-naphthylamine  solution  of 
0.2%.  The  data  in  Table  III  show  the  concentrations  recom¬ 
mended  by  the  authors  to  be  considerably  better  for  obtaining 
increased  intensity.  Minimum  nicotine  concentrations  of  0.25 
microgram  per  ml.  can  be  estimated  with  a  light  transmission 
path  of  2  cm.  (7/8  inch  test  tube).  This  is  believed  to  be  the 
most  sensitive  means  yet  developed  for  determining  nicotine. 
Markwood’s  ( 9 )  minimum  value,  although  numerically  the  same 
as  the  authors’,  was  attained  with  a  much  greater  thickness 
(10  cm.)  of  liquid  layer. 

In  the  initial  phases  of  this  investigation,  it  was  observed  that 
turbidity  of  the  samples  depended  not  only  upon  the  reagent 
concentrations  but  upon  the  final  alcoholic  concentration  and 
final  volume  of  the  solution,  with  increasing  alcoholic  concen¬ 
trations  and  total  volumes  decreasing,  the  turbidity.  Accordingly, 
in  order  to  keep  the  final  volume  to  a  minimum  and  to  prevent 
turbidity,  alcoholic  rather  than  aqueous  reagents  were  used. 
Even  with  the  volumes  of  reagents  finally  standardized  upon, 
turbidity  will  result  upon  several  hours’  standing.  The  4-ml. 
/3-naphthylamine  and  the  2-ml.  potassium  acetate  volumes  are 
the  minimum  which  can  be  used  to  prevent  turbidity. 

SPECTRAL  TRANSMISSION  DATA  FOR  NICOTINE 

The  usual  type  of  S-T  (spectral  wave  length  vs.  per  cent  trans¬ 
mission)  curve  was  determined,  with  the  results  shown  in  Figure 


Table  IV.  Effect  of  Insecticides  on  Color  Intensity 


Insecticide 


%  Transmission 


None  (nicotine  only)  28 . 3 

Bordeaux  mixture  28 . 5 

Lime-sulfur  27 . 5 

Lead  arsenate  28 . 0 

Cryolite  27 . 5 

Paris  green  »  28.5 

Calcium  arsenate  27 . 8 


2.  A  Coleman  Model  11  Universal  spectrdphotometer  was  used 
for  making  the  determinations.  The  curve  shows  a  minimal 
transmission  at  a  wave  length  of  480  to  490  mju. 

INTERFERING  SUBSTANCES 

Interfering  substances  of  interest  in  this  investigation  were  the 
various  insecticides  used  on  tobacco  plants  and  nornicotine. 
The  latter  compound  is  an  alkaloid — similar  in  many  respects 
to  nicotine — found  in  varying  degrees  in  tobacco.  Markwood 
(11,  12)  has  reported  it  to  be  the  predominating  alkaloid  in  cer¬ 
tain  types  of  tobacco.  Accordingly,  the  extent  to  which  it  and 
the  various  insecticides  interfered  in  the  method  of  analysis  was 
determined. 


Figure  4.  Effect  of  Developmental  Time  on  Nornicotine 
Color 


The  insecticides  used  were  lead  arsenate,  calcium  arsenate, 
cryolite  (synthetic),  lime-sulfur,  Paris  green,  and  Bordeaux  mix¬ 
ture.  All  were  of  the  commercial  grade  normally  sold  for  insecti¬ 
cidal  uses.  The  nornicotine  was  from  a  sample  of  the  pure  alka¬ 
loid  obtained  from  the  Bureau  of  Entomology  and  Plant  Quaran¬ 
tine,  U.  S.  Department  of  Agriculture,  and  was  predominantly 
the  1-stereoisomer.  Except  for  the  varying  times  as  noted,  all 
results  were  obtained  by  developing  the  solutions  as  outlined  in 
the  Procedure.  In  the  case  of  nornicotine,  transmission  curves 
of  per  cent  transmission  vs.  concentration  (micrograms)  were 
determined  for  solutions  containing  only  nornicotine,  in  amounts 
from  5  to  50  micrograms,  and  for  solutions  containing  both 
nicotine  and  nornicotine,  each  in  amounts  from  5  to  50  micro¬ 
grams.  The  results  are  shown  in  Figure  3  in  comparison  with 
a  similar  curve  for  solutions  containing  only  nicotine.  All  these 
results  were  obtained  by  reading  the  transmissions  at  the  end 
of  30  minutes’  development  time. 


512 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  18,  No.  8 


The  nornicotine  color  fades  very  rapidly.  This  is  shown  in  the 
curve  of  Figure  4  where  the  transmission  vs.  time  of  develop¬ 
ment  of  a  solution  containing  40  micrograms  of  nornicotine  is 
plotted. 

This  curve  shows  clearly  that  by  choosing  a  proper  time  of 
development,  the  interference  produced  by  nornicotine  can  be 
almost  completely  eliminated.  By  reading  the  transmission  at  the 
end  of  30  minutes’  development  (the  optimum  time  for  nicotine), 
the  results  will  be  approximately  10  to  12%  high  when  the  two 
alkaloids  are  present  in  equal  amounts  (see  Figure  3). 

The  results  of  Table  IV  are  the  average  of  duplicate  samples, 
all  developed  for  30  minutes  in  the  usual  manner.  All  samples 
contained  40  micrograms  of  the  indicated  insecticide  and  40 
micrograms  of  nicotine. 

The  results  show  no  significant  difference  in  any  of  the  solutions. 
They  are  similar  to  those  obtained  by  Markwood  in  his  insecti¬ 
cide  method,  except  that  he  found  a  significant  interference  re¬ 
sulting  from  lime-sulfur. 

DISCUSSION  AND  NOTES 

Extraction  of  Nicotine.  The  standard  A.O.A.C.  method 

(1)  of  determining  nicotine  in  tobacco  leaf  involves  a  steam-dis¬ 
tillation  of  the  nicotine  from  alkaline  solution,  followed  by 
gravimetric  determination  with  silicotungstic  acid.  In  order 
to  dispense  with  the  steam-distillation  procedure,  the  possibility 
of  extracting  the  nicotine  from  tobacco  dust  by  merely  alkalizing 
the  aqueous  suspensions  was  investigated. 

Samples  of  settled  atmospheric  dust  collected  from  tobacco 
stemming  plants  were  used.  The  dust  was  sieved  through  a 
150-mesh  screen,  with  that  portion  passing  through  being  used 
for  analysis.  Simultaneous  determinations  of  the  nicotine  con¬ 
tent  of  screened  sample  were  made  by  the  modified  steam-dis¬ 
tillation  technique  of  Avens  and  Pearce.  (2),  and  by  alkaline  and 
water  extractions  as  noted  in  Table  V.  The  extractions  were 
made  by  simply  adding  either  the  alkaline  or  water  solutions  to  a 
15-ml.  centrifuge  tube  containing  a  weighed  quantity  of  the  dust, 
allowing  it  to  stand  with  occasional  shaking  for  approximately 
10  minutes,  then  centrifuging,  neutralizing,  and  developing  the 
color  as  described  in  the  Procedure. 

In  the  case  of  the  steam-distillation,  the  distillate  was  care¬ 
fully  neutralized  to  the  phenolphthalein  end  point  with  potassium 
hydroxide,  a  suitable  aliquot  taken,  and  the  nicotine  color 
developed  in  the  usual  manner. 

Inasmuch  as  the  distillate  was  collected  in  dilute  hydrochloric 
acid,  a  separate,  calibration  curve,  in  which  the  standards  con¬ 
tained  the  same  quantity  of  potassium  chloride  as  the  steam- 
distillate  aliquots,  was  prepared  for  reading  the  nicotine  content. 
To  ensure  complete  nicotine  evolution,  250  ml.  of  distillate  were 
collected  instead  of  the  100  ml.  as  suggested  by  Avens  and  Pearce 

(2) .  By  doing  this  the  authors  were  able  to  evolve  and  collect 
in  the  250  ml.  98  to  99%  of  the  total  nicotine  in  the  sample,  as 
shown  by  the  analysis  of  successive  100-ml.  portions  of  distillate. 
The  water  used  for  the  water  extractions  had  been  adjusted  to 
the  phenolphthalein  end  point  prior  to  the  extraction. 

These  results  indicate  that  the  alkaline  extraction  method  is 
approximately  95%  as  efficient  as  the  steam-distillation  procedure 
on  atmospheric  tobacco  dust.  This  is  certainly  satisfactory  for 
field  determination. 

Volatilization  of  Nicotine  by  Aeration.  To  determine 
whether  any  appreciable  loss  of  nicotine  occurs  by  volatilization 
by  continuous  bubbling  of  air  through  the  solution,  such  as 
occurs  in  the  impinger,  four  impingers  were  made  up  with  an 
aqueous  nicotine  solution  (1  mg.  of  nicotine  in  100  ml.  of  water 
in  each),  and  room  air  was  drawn  through  each  for  30  minutes 
at  a  rate  of  1  cubic  foot  per  minute.  The  average  loss  of  nicotine 
of  all  four  was  1.5%. 

Correction  for  Color  from  Tobacco.  If  the  tobacco  dust 
concentration  is  appreciable,  a  yellow  to  light  brown  coloration 
will  result  with  the  alkaline  extraction.  A  correction  for  this 
must  be  made  before  developing  the  nicotine  color.  This  can  be 


done  by  reading  the  transmission  just  prior  to  the  addition  of  the 
cyanogen  bromide  reagent  and  making  the  necessary  correction 
by  using  the  L-G  (chromogen  concentration  vs.  galvanometer 
reading)  table  accompanying  the  colorimeter. 

It  should  be  remembered  that  the  volume  of  the  solution 
changes  from  16  to  17  ml.  upon  the  addition  of  the  cyanogen 
bromide.  This  increase  in  volume  must  be  taken  into  account 
when  making  the  correction. 


Table  V.  Efficiency  of  Various  Methods  of  Nicotine 
Extraction 


y  Nicotine  per 

%  Nicotine 

Sample 

Gram  Sample 

Recovered  (Steam 

No. 

Method 

of  Dust  Distillation  =  100%) 

1 

Steam  distillation 

3695 

100 

Water  extraction 

3005 

81.3 

0.05%  NaOH  extraction 

3400 

92.0 

0.10%  NaOH  extraction 

3380 

91.5 

0.30%  NaOH  extraction 

3540 

95.7 

2 

Steam  distillation 

3787 

'100 

Water  extraction 

2970 

.  78.4 

0.05%  NaOH  extraction 

3600 

95.2 

0.10%  NaOH  extraction 

3420 

90.2 

0.30%  NaOH  extraction 

3420 

90.2 

3 

Steam  distillation 

2890 

100 

Water  extraction 

2200 

76.3 

0.05%  NaOH  extraction 

2820 

97.5 

0.  10%  NaOH  extraction 

3010 

104.0 

0.30%  NaOH  extraction 

2880 

99.6 

Average  %  nicotine  recovery 

Water  extraction  78.7 

• 

0.05%  NaOH 

94.9 

0.10%  NaOH 

95.2 

0.30%  NaOH 

95.2 

ACKNOWLEDGMENTS 

The  authors  wish  to  express  their  appreciation  to  \V.  J.  Peter¬ 
son  of  the  Department  of  Animal  Industry,  North  Carolina  State 
College,  Raleigh,  N.  C.,  for  the  use  of  the  spectrophotometer  for 
determining  the  S-T  curve;  to  C.  F.  Smith  of  the  Entomology 
Department,  North  Carolina  State  College,  Raleigh,  N.  C.,  for 
supplying  the  insecticides;  and  to  H.  L.  Haller  of  the  Bureau  of 
Entomology  and  Plant.  Quarantine,  U.  S.  Department  of  Agri¬ 
culture,  Beltsville,  Md.,  for  supplying  the  nornicotine. 

Appreciation  is  also  expressed  to  the  North  Carolina  State 
Laboratory  of  Hygiene  for  the  physical  facilities  and  equipment 
used  in  this  work,  and  to  L.  N.  Markwood  of  the  Office  of 
Domestic  Commerce,  U.  S.  Department  of  Commerce,  for  his 
kindness  in  reviewing  the  manuscript. 


LITERATURE  CITED 

(1)  Assoc.  Official  Agr.  Chem.,  Official  and  Tentative  Methods  of 

Analysis,  5th  ed.,  1940. 

(2)  Avens,  A.  W.,  and  Pearce,  G.  W.,  Ind.  Eng.  Chem.,  Anal.  Ed., 

11,  505-8  (1939). 

(3)  Barta,  L.,  and  Marschek,  Z.,  Mezogazdasagi  Kutatasok,  10,  29 

(1937). 

(4)  Bloomfield,  J.  J.,  and  DallaValle,  J.  M.,  U.  S.  Pub.  Health 

Service,  Public  Health  Bull.  217  (1935). 

(5)  DallaValle,  J.  M.,  Pub.  Health  Repts.,  52,  1114-18  (Aug.  13, 

1937). 

(6)  Jacobs,  M.  B.,  “Analytical  Chemistry  of  Industrial  Poisons, 

Hazards  and  Solvents”,  1st  ed.,  Vol.  1,  pp.  114  ff,  New  York, 
Interscience  Publishers,  1941. 

(7)  Konig,  W.,  J.  prakt.  Chem .,  69,  105  (1904),  Konig  and  Bayer, 

Ibid.,  83,  325(1911). 

(8)  Lamb,  F.  W.,  Ind.  Eng.  Chem.,  Anal.  Ed.,  15,  352-5  (1943). 

(9)  Markwood,  L.  N.,  J.  Assoc.  Official  Agr.  Chem..  22,  427-36 

(1939). 

(10)  Ibid.,  23,  792-800  (1940). 

(11)  Ibid.,  23,  804-10  (1940) . 

(12)  Ibid.,  26,  280-3  (1943). 

(1.3)  Moskalev,  P.  V.,  Lab.  Prakt.  (U.S.S.R.),  15,  No.  9,  22-5 
(1940). 


Nitrogen  Determination  by  the  Micro-Dumas  Method 

Improvements  in  Apparatus 


ERVIN  STEHR,  The  Texas  Company,  Research  Laboratory,  Beacon,  N.  y. 


Improvements  in  apparatus  (or  the  Dumas  nitrogen  microdetermina¬ 
tion  are  described.  The  original  microazotometer  of  Pregl  has  been 
modified  by  replacing  the  top  stopcock  with  a  ball  and  socket 
valve,  which  requires  no  lubricant  for  its  operation.  Elimination 
of  the  tapered  surface  of  contact  prevents  freezing  by  the  potassium 
hydroxide  and  the  absence  of  lubricant  precludes  errors  due  to 
contamination  from  that  source.  Pure  carbon  dioxide  for  the 
analysis  is  produced  from  dry  ice  in  a  modified  Hershberg  and 
Wellwood  generator.  Precise  control  over  combustion  of  sample 
is  effected  by  a  specially  designed  chimney  for  the  movable  burner. 

THE  extensive  use  of  Pregl’s  (-5)  micro-Dumas  method  for 
determining  nitrogen  in  this  laboratory  has  led  to  several 
improvements  in  the  original  equipment.  These' changes  include 
use  of  a  specially  designed  azotometer  with  ball  and  socket  valve 
to  replace  the  stopcock-type  azotometer,  a  carbon  dioxide  genera¬ 
tor  utilizing  solid  carbon  dioxide  as  the  source  of  gas,  and  a 
special  lamp  chimney  for  use  in  connection  with  the  movable 
burner.  For  heating  the  permanent  filling  of  the  combustion 
tube,  a  standard  electric  microfurnace  has  been  found  desirable. 
A  photograph  of  the  assembled  equipment  is  shown  in  Figure  1 . 

MICROAZOTOMETER 

The  standard  Pregl-type  azotometer  (6)  with  stopcock  at  the 
top  of  the  graduated  column  introduces  errors  in  the  analysis  for 
the  following  reasons: 

Lubricant  from  the  stopcock  gets  down  into  the  graduated 
column  and  sticks  to  the  walls,  causing  incorrect  volume  read¬ 
ings.  This  is  due  not  only  to  the  bulk  of  the  lubricant  itself 
but  also  to  the  lubricant’s  preventing  free  drainage  of  the  potas¬ 
sium  hydroxide  from  the  walls  of  the  column. 

The  potassium  hydroxide  attacks  the  walls  of  the  stopcock, 
causing  it  to  stick  and  eventually  to  leak. 


to  the  ground  surface  to  prevent  sticking.  This  apparatus,  al¬ 
though  superior  to  the  original  design  of  Pregl,  still  has  the  dis¬ 
advantages  inherent  in  those  requiring  wax  or  grease  on  the  ground 
joint  to  prevent  freezing. 

By  replacing  the  top  stopcock  of  the  Pregl  azotometer  with  a 
vertical  ball  and  socket  valve,  a  nitrometer  has  been  devised 
which  eliminates  all  the  disadvantages  of  the  stopcock-type  clo¬ 
sure  and  operates  without  the  use  of  wax  or  lubricant  other  than 
the  potassium  hydroxide  itself. 

The  spherical  surface  of  contact  favors  separation,  and  freezing 
by  the  alkali  does  not  take  place,  owing  to  the  absence  of  the 
wedging  action  inherent  in  tapered  type  closures.  The  ball 
and  socket  valve,  which  is  completely  immersed  in  the  alkali, 
allows  the  entire  surface  of  contact  to  be  wet  evenly  with  the 
alkali  and  channeling  is  prevented.  This  is  not  the  case 
with  the  stopcock-type  arrangement,  since  the  plug  of  the  latter 
is  wet  by  the  alkali  only  along  that  portion  of  its  surface  which 
traverses  the  openings  to  the  graduated  column  below  and  the 
funnel  above.  The  corrosion  thus  localized  in  that  section  causes 
leakage  after  the  azotometer  has  been  in  use  for  an  extended 
period  of  time. 

The  error  in  volume  caused  by  corrosion  of  a  ball  and  socket 
closure  would,  theoretically,  be  less  than  that  of  the  vertical 
tapered  stopper  arrangement  of  Milner  and  Sherman;  in  the 
case  of  the  spherical  joint,  the  rest  position  of  the  ball  would 
change  only  to  the  extent  of  the  depth  of  corrosion,  since  the 
effective  surface  of  contact  is  practically  horizontal,  whereas 
with  the  tapered  stopper  arrangement  the  surface  of  contact 
is  almost  vertical  and  a  small  amount  of  corrosion  would  cause  a 
relatively  large  change  in  the  rest  position  of  the  stopper. 

The  closed  bulb  arrangement  above  the  opening  at  the  top 
of  the  graduated  column  instead  of  the  open  funnel  ( 6 )  or  cup 


With  the  excep¬ 
tion  of  methods  by 
which  the  quantity 
of  nitrogen  is  deter¬ 
mined  indirectly  by 
weighing  displaced 
mercury  ( 1 )  or 
water  (£),  few 
major  changes  have 
been  made  in  the 
original  azotometer 
introduced  by  Pregl 
(-5).  Milner  and 
Sherman  (4)  de¬ 
scribe  an  azotometer 
designed  without  a 
stopcock  at  the  top 
of  the  graduated 
column.  It  consists 
of  a  cup  arrange¬ 
ment  attached  to 
the  top  of  the 
graduated  column 
with  a  glass  rod 
ground  into  the  azo¬ 
tometer  tube. 
Ceresin  is  applied 


Figure!.  Assembled  Equipment 
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Table  I.  Reliability  of  Azotometer  after  Extended  Service,  as 
Shown  by  Analysis  of  Pure  Acetanilide 

Period  of  Service 

of  Azotometer  at  Nitrogen  Content,  % 

Time  of  Test  Found  Calculated 

Initial  10.38  10.43  10.36 

Ten  months  later  10.41  10.37  10.36 


(4)  eliminates  spilling  or  dust  contamination  of  the  potassium 
hydroxide. 

Pyrex  has  been  used  in  fabricating  the  azotometer,  since  it  has 
shown  much  greater  resistance  to  the  action  of  alkali  than  soda 
glass. 

Table  I  gives  results  of  the  analysis  of  a  sample  of  pure  acet¬ 
anilide  carried  out  when  the  azotometer  was  initially  put  into 
service  and  after  approximately  10  months  of  continuous  use 
which  the  instrument  had  had  at  the  time  this  paper  was  sub¬ 
mitted  for  publication.  The  close  agreement  of  these  values  shows 
that  the  instrument  does  not  lose  its  reliability  after  extensive 
service.  The  azotometer  also  showed  no  measurable  leakage 
when  tested  after  the  10-month  period  of  service.  The  author’s 
experience  with  the  conventional  azotometer  indicates  the  latter 
to  have  a  much  smaller  average  leakproof  period  of  operation. 


The  upper  section  of  the  new  azotometer,  shown  in  Figure  2, 
consists  of  a  plunger  actuated  by  a  loosely  fitted  spring  of  No. 
21-gage  music  steel  wire,  approximately  fifteen  turns  in  length. 
This  spring  is  held  in  place  by  two  stainless  steel  sleeves  of  5-mm. 
length,  one  of  which  presses  against  a  shoulder  on  the  plunger, 
the  other  against  the  constricted  top  of  the  spring  housing.  The 
spring  housing  is  held  in  place  by  sealing  its  standard-taper  joint 
into  that  of  the  azotometer  proper  with  Kronig’s  cement.  When 
necessary,  the  apparatus  can  easily  be  disassembled  for  cleaning, 


0  12  3  4. 


Figure  3.  Movable  Burner  Chimney 


by  simply  reheating  the  cemented  joint.  The  opening  in  the  top 
of  the  graduated  column  is  2.4  to  2.6  mm.  in  diameter  and  tapers 
gradually  to  the  inside  diameter  (3.3  to  3.6  mm.)  of  the  gradu¬ 
ated  column. 

When  designing  this  apparatus,  it  was  considered  desirable  to 
follow  where  possible  the  recommended  specifications  set  forth 
by  the  Coinmittee  for  Standardization  of  Microchemical  Ap¬ 
paratus  (&).  However,  poor  drainage  was  experienced  when  the 
.top  of  the  graduated  column  was  constructed  as  shown  in  the 
drawing  accompanying  these  specifications.  The  author  found 
that  a  gradual  taper  from  a  2.5-mm.  opening  at  the  top  of  the 
graduated  column  to  the  inside  diameter  of  this  tube  worked 
more  satisfactorily.  The  portion  of  the  azotometer  below  the 
ball  and  socket  conforms  to  standard  specifications  (6). 

CARBON  DIOXIDE  GENERATOR 

Of  the  various  methods  for  supplying  pure  carbon  dioxide  gas 
for  the  analysis,  the  use  of  dry  ice  has  been  found  most  convenient. 
The  gas  is  most  satisfactorily  dispensed  from  a  modified  Hersh- 
berg  and  Wellwood  (S)  generator  which  is  shown  in  Figure  1.  The 
principal  changes  made  in  the  original  equipment  of  these  authors 
include : 

Replacement  of  the  paper  diffusion  disk  by  a  30-mm.  diameter 
fine  porosity  Pyrex  fritted  disk. 

Use  of  a  2000-ml.  capacity  Dewar  flask  with  standard-taper 
ground  joint  instead  of  the  pint-size  vacuum  bottle. 

Addition  of  a  ball  and  socket  connection  to  the  combustion 
tube. 

This  apparatus  furnishes  a  continuous  stream  of  pure  carbon 
dioxide  gas  within  5  hours  after  filling  and  lasts  for  approximately 
10  days  when  a  flask  evacuated  to  6  X  10 1-7  mm.  of  mercury  if 
used. 
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CHIMNEY  FOR  MOVABLE  BURNER 

The  conventional  circular-type  movable  burner  chimney  does 
not  give  precise  control  of  the  combustion  of  sample  in  micro¬ 
analysis  because  of  fluctuations  in  the  flame  during  heating. 
A  simple  unit  for  this  purpose,  which  also  acts  as  a  support  for 
the  short  Nichrome  gauze  sleeve  and  reflector,  has  been  de¬ 
vised  and  found  very  effective  for  all  types  of  microcombustions. 
The  flame  is  entirely  enclosed  within  the  walls  of  a  metal  shell 
and  only  the  portion  of  the  combustion  tube  within  those  limits 
is  subjected  to  the  heating. 

The  construction  of  the  apparatus  is  shown  in  Figure  3.  It 
consists  of  a  rectangular  sheet-iron  shell  open  at  the  top  and 
bottom  and  attached  to  a  Bunsen  burner  by  means  of  a  sleeve 
and  set  screw.  The  sleeve  is  fastened  to  the  shell  by  four  3-mm. 
diameter  rods  welded  to  the  lower  center  portion  of  each  face  of 
the  shell  and  to  the  sleeve.  Two  holes  are  drilled  on  opposite 
sides  of  the  shell  near  the  top  through  which  the  combustion 


tube  is  inserted;  the  Nichrome  gauze  sleeve  is  placed  around 
the  combustion  tube  and  between  the  two  sides  of  the  chimney. 
The  heat  reflector  (a  semicircular  piece  of  Nichrome  gauze,  55 
mm.  long  and  50  mm.  in  diameter)  is  notched  at  the  four  corners 
for  a  distance  of  approximately  10  mm.  in  length  and  2.5  mm.  from 
the  edges  to  fit  into  the  top  of  the  shell  and  above  the  combustion 
tube. 
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Identification  of  Organic  Bases  by  Means  of  the  Optical 
Properties  of  Diliturates  (Nitrobarbiturates) 

Primary  Aromatic  Amines 

BARTLETT  T.  DEWEY,  Eastern  New  Mexico  College,  Portales,  N.  Mex.,  AND 
ELMER  M.  PLEIN,  University  of  Washington,  Seattle,  Wash. 


The  diliturates  of  forty-three  primary  aromatic  amines  have  been 
prepared  and  their  optical  and  crystallographic  properties  recorded. 
The  components  of  mixtures  of  isomeric  amines  may  be  recognized 
by  a  determination  of  the  optical  and  crystallographic  properties  of 
the  crystals  of  the  diliturates  prepared  from  the  mixtures. 

THE  use  of  the  crystallographic  and  optical  properties  of  the 
diliturates  has  been  suggested  as  a  means  of  identification  of 
organic  bases  by  the  authors  in  a  previous  paper  ( 1 ),  in  which 
they  reported  the  optical  constants  for  the  diliturates  of  some 
primary  aliphatic  amines.  The  present  communication  reports 
similar  constants  for  the  diliturates  of  primary  aromatic  amines. 

The  methods  employed  are  similar  to  those  used  in  the  earlier 
work.  In  preparing  the  diliturate  of  a  solid  amine,  the  amine 
was  dissolved  in  hydrochloric  or  acetic  acid  and  an  equivalent 
quantity  of  a  hot  aqueous  solution  of  dilituric  acid  was  added. 
The  amine  diliturate  precipitated  either  immediately  or  on  cool¬ 
ing.  Equivalent  quantities  of  dilituric  acid  and  the  amine  are  not 
important  unless  dilituric  acid  itself  crystallizes  out.  If  less  than 
an  equivalent  quantity  is  added,  the  diliturate  crystallizes  out 
and  the  acetate  or  hydrochloride,  being  more  soluble,  remains  in 
solution.  Generally  speaking,  the  primary  amine  diliturates  are 
less  soluble  than  dilituric  acid  and  so  the  acid  does  not  complicate 
the  identification,  even  if  added  in  excess. 

The  diliturates  were  recrystallized  from  water  one  or  more 
times.  The  identity  and  purity  of  the  salts  were  established  by 
determination  of  the  nitrogen  content  by  the  Kjeldahl  method 
modified  to  include  nitro  compounds.  The  deviation  of  the  per¬ 
centages  found  from  those  calculated  did  not  exceed  0.2  except 
for  the  following  salts:  p-bromoaniline,  p-chloroaniline,  and 
m-phenylenediamine,  each  0.25;  and  o-nitroaniline,  0.31.  Benzi¬ 
dine  forms  only  the  monodiliturate,  as  indicated  by  the  deter¬ 
mination  of  the  nitrogen  content.  The  remaining  diamino  com¬ 
pounds  all  produce  didiliturates,  even  though  the  dilituric  acid 
is  added  in  less  than  equivalent  quantities. 

The  optical  data  for  the  diliturates  of  forty-three  primary  aro¬ 
matic  amines  are  included  in  Table  I.  The  usual  orientation  of  the 


diliturates  of  p-aminophenol,  benzidine,  m-bromoaniline,  2,4- 
diaminophenol  (both  forms),  2,4-diaminotoluene,  2,6-dibrom'o- 
4-aminophenol,  2,5-dichloroaniline,  a-naphthylamine  (triclinic), 
w-nitroaniline  (from  water),  p-nitroaniline,  3-nitro-4-chloroani- 
line,  o-phenylenediamine,  m-phenylenediamine,  and  m-toluidine 
does  not  present  a  true  value  for  any  principal  index,  but  the 
values  can  be  determined  from  crushed  crystals.  The  usual 
orientation  of  the  diliturates  of  p-aminodiethylaniline,  p-amino- 
dimethylaniline,  2-amino-5-hydroxytoluene,  2-amino-4-nitro- 
phenol,  o-aminophenol,  m-aminophenol  (both  forms),  3-bromo- 
4-aminotoluene,  o-bromoaniline,  p-bromoaniline  (rectangles), 
o-ehloroaniline,  p-iodoaniline,  o-nitroaniline,  and  o-toluidine  per¬ 
mits  the  determination  of  one  index — 8.  The  crystals  of  aniline 
diliturate  (monoclinic)  are  so  oriented  that  a  can  be  observed. 
The  crystals  of  the  other  diliturates  examined  are  so  oriented  that 
the  true  values  for  two  of  the  principal  indices  can  be  deter¬ 
mined — a  and  8  for  all  except  w-chloroaniline  and  m-nitroaniline 
(from  alcoholic  solution)  which  show  8  and  y;  and  o-aminodi- 
phenyl  which  shows  a  and  y. 

The  diliturates  of  m-aminophenol,  aniline,  p-bromoaniline, 
2,4-diaminophenol ,  and  a-naphthylamine  exhibit  polymorphism. 
In  different  preparations  the  relative  proportions  of  the  poly¬ 
morphs.  varied,  but  both  forms  were  always  present.  When  m- 
nitroaniline  is  crystallized  from  ethanol  the  product  possesses  dif¬ 
ferent  properties  than  those  of  the  compound  crystallized  from  an 
aqueous  solution. 

The  systems  to  which  the  various  crystals  belong  are  indicated 
in  column  2  by  the  letters  O,  M,  and  T— orthorhombic,  mono¬ 
clinic,  and  triclinic,  respectively. 

The  diliturates  of  many  of  the  aromatic  amines  are  so  flattened 
that  when  suspended  in  a  liquid  nearly  all  crystals  assume  the 
same  or  nearly  the  same  orientation.  In  Table  II  some  optical 
and  crystallographic  values  are  recorded  which  were  observed 
on  the  most  frequently  occurring  orientations.  The  optical 
orientation  designated  as  acute,  obtuse,  or  optic  normal  indicates 
that  a  centered  figure  is  observed  in  the  usual  position  of  the 
crystal.  The  term  “inclined”  indicates  that  the  interference 
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figure  is  not  centered.  Some 
crystals  show  slight  varia¬ 
tions  in  orientation,  so  that 
the  values  for  the  extinc¬ 
tion  angle  and  the  refrac¬ 
tive  indices  are  slightly  dif¬ 
ferent  on  different  crystals. 
Such  values  are  recorded 
as  variable.  Many  of  the 
crystals  present,  in  their 
usual  orientations,  refractive 
indices  which  cannot  be 
satisfactorily  determined 
within  narrow  limits.  These 
indices  are  also  reported  as 
variable. 

In  Figures  1  to  4  are  dia¬ 
grams  of  the  crystals  show¬ 
ing  front  views  as  the  crys¬ 
tals  appear  in  their  most 
frequently  occurring  ori¬ 
entations,  side  views,  and 
in  some  cases  top  views. 
Side  and  top  views  were  ob¬ 
tained  by  rolling  the  crystals 
in  Canada  balsam.  Extinc¬ 
tion  angles  were  all  measured 
between  the  long  direction 
of  the  crystal  in  its  particular 
orientation  and  the  posi¬ 
tion  of  nearest  extinction. 
Dotted  lines  indicate  vibra 
tion  directions  and  apparent 
refractive  indices  are  re¬ 
corded  for-  those  crystals 
which  show  constant  values. 
An  asterisk  is  used  to  indi¬ 
cate  the  higher  refractive 
index  in  an  orientation  un¬ 
less  a  value  is  given  for  it. 
Observed  crystal  angles 
(determined  microscopically) 
which  occur  consistently  are 
indicated  at  the  corners  of 
the  diagrams.  Diliturates  of 
2-amino-l  ,3-dimethyl- 
benzene,  2-amino  - 1 , 4- 
dimethylbenzene,  and  /3- 
naphthylamine  exhibit  two 
habits;  hence  two  sets  of 
drawings  are  presented  for 
each  of  these  compounds. 
Each  of  those  diliturates 
showing  polymorphism  (men¬ 
tioned  above)  also  has  two 
sets  of  drawings.  The  vari¬ 
ous  properties  recorded  in 
the  drawings  identify  the 
forms — e.g.,  one  form  of 
m-aminophenol  has  a  135° 
crystal  angle,  whereas  the 
other  form  possesses  a  112° 
angle. 

Some  of  the  amine  dili¬ 
turates,  when  crystallized 
from  water,  do  not  always 
form  large  enough  or  suf¬ 
ficiently  well-defined  crys- 


Table  I.  Optical  Properties  of  Some  Primary  Aromatic  Amine  Diliturates 


Amine 

System 

Extinction 

Angie 

Optic 

Sign 

Refractive  Indices 
Alpha  Beta  Gamma 

Elon¬ 

gation 

Dispersion 

2-Aminocymene 

O 

Parallel 

— 

1 . 507 

1  648 

1.679 

— 

v  >  p 

/j-Aminodiethylaniline 

M 

22 

— 

1  455 

1  .659 

1.744 

■±Z 

V  >  p 

p-Arninodimethylaniline 

M 

42 

— 

1.462 

1.668 

>  1 . 785 

-l - 

v  >  p 

2-Amino-l,3-dimethylbenzene 

M 

20 

-f- 

1 . 583 

1.670 

> 1 . 785 

— 

p  >  X 

2-Amino-l  ,4-dimethylbenzene 

M 

28 

-j- 

1  572 

1  657 

1.752 

— 

p  >  X 

4-Amino-l  ,3-dimethylbenzene 

0 

Parallel 

— 

1.522 

1.671 

> 1 . 785 

— 

V  >  p 

5-Amino-l,3-dimethylbenzene 

M 

39 

— 

1 . 543 

1  642 

1.723 

p  >  v 

o-Aminodiphenyl 

0 

Parallel 

— 

1  461 

1.768 

> 1 . 785 

— 

p  >  V 

p-Aminodiphenyl 

M 

12 

+ 

1.603 

1 . 653 

> 1 . 785 

— 

p  >  c 

2- A  mino-5-hydroxy  toluene 

M 

7 

— 

1 . 520 

1  651 

1 . 763 

— 

v  >  p 

2-Amino-4-nitrophenol 

M 

16 

-{- 

1  672 

1  722 

>1.785 

=±= 

o-Aminophenol 

M 

29 

-h 

1 .618 

1.673 

>  1  785 

p  >  V 

m-A  mi  nophenol  (135°  angle) 

T 

26 

— 

1  501 

1  689 

> 1 . 785 

=±= 

V  >  p 

(112°  angle) 

M 

3.3 

— 

1.480 

1  750 

> 1 . 785 

V  >  P 

p-Aminophenol 

T 

22 

— 

1  . 508 

1  715 

>  1 . 785 

— 

V  >  p 

Aniline 

M 

16 

— 

1 . 535 

1  659 

1.772 

— 

X  >  P 

.  O 

Parallel 

— 

1.447 

1 . 738 

> 1 . 785 

— 

V  >  p 

Benzidine 

T 

37 

+ 

1.571 

1.684 

>  1 . 785 

— 

p  >  V 

3-Bromo-4-aminotoluene 

M 

19 

+ 

1.578 

1.679 

> 1 . 785 

— 

p  >  r 

o-Bromoaniline 

M 

35 

-h 

1 . 580 

1.647 

1.788 

— 

p  >  r 

m-Bromoaiiiline 

M 

16 

— 

1  525 

1  708 

1 . 735 

= 

V  >  p 

p-Bromoaniline 

Rectangular 

M 

18 

4- 

1 .456 

1.749 

> 1 . 785 

_ 

P  >  r 

Diamond-shaped 

M 

21 

+ 

1.597 

1.688 

> 1 . 785 

=*= 

p  >  c 

o-Chloroaniline 

M 

34 

4- 

1  532 

1 . 657 

1.789 

— 

p  >  V 

m-Chloroaniline 

O 

Parallel 

— 

1 . 554 

1.777 

> 1 . 785 

4- 

p  >  X 

p-Chloroaniline 

M 

22 

+ 

1 . 575 

1.670 

> 1 . 785 

=1= 

p  >  V 

2,4-Diaminophenol 

Tabular 

T 

43 

_ 

1  .498 

1.695 

>1.785 

_ 

V  >  p 

Acicular 

M 

17 

— 

1 . 508 

1.701 

> 1 . 785 

= 

X  >  p 

2,4-Diaminotoluene 

T 

35 

— 

1.470 

1.751 

> 1 . 785 

== 

V  >  P 

2,.5-Diaminotoluene 

M 

17 

— 

1.513 

1  749 

> 1 . 785 

X  >  P 

2,6-Dibromo-4-aminophenol 

T 

44 

_L 

1 . 590 

1 . 653 

> 1 . 785 

V  >  p 

2,4-Dichloroaniline 

M 

24 

+ 

1 . 572 

1.660 

> 1 . 785 

= 

r  >  p 

2,5-Dichloroaniline 

T 

28 

+ 

1 . 532 

1  700 

> 1 . 785 

= 

V  >  p 

p-Iodoaniline 

M 

9 

+ 

1  500 

1.751 

>1.785 

— 

v  >  p 

a-Naphthylamine 

M 

14 

4- 

1  635 

1.684 

> 1 . 785 

— 

V  >  p 

T 

44 

— 

1.650 

1.783 

> 1 . 785 

— 

V  >  p 

/3-Naphthylamine 

0 

Parallel" 

— 

1  483 

1 . 758 

> 1 . 785 

— 

V  >  p 

o-Nitroaniline 

M 

33 

— 

1.540 

1.714 

> 1 . 785 

— 

r  >  p 

m-Nitroaniline,  from  water 

T 

28 

4- 

1 . 522 

1  650 

1.786 

_b 

v  >  p 

From  ethanol 

'  O 

Parallel 

— 

1  . 562 

1 . 750 

>1.785 

-i- 

p  >  r 

p-Nitroaniline 

T 

3a 

4- 

1.615 

1.698 

> 1 . 785 

— 

v  >  p 

3-Nitro-4-chloroaniline 

T 

25 

4- 

1 . 605 

1.680 

> 1 . 785 

— 

V  >  p 

o-Phenylenediamine 

T 

18 

— 

1.438 

1.737 

1.772 

— 

v  >  p 

m-Phenylenediamine 

T 

30 

— 

1 . 493 

1 . 683 

>  1 . 785 

= 

V  >  p 

p-Phenylenediamine 

M 

25 

— 

1.501 

1.716 

>  1 . 785  - 

— 

V  >  p 

Tolidine 

M 

25 

4- 

1 . 590 

1.705 

>1.785 

=s= 

V  >  p 

o-Toluidine 

M 

38 

4- 

1 . 552 

1.632 

1.766 

— 

p  >  v 

w-Toluidine 

T 

42 

4=" 

1 . 567 

1.675 

> 1 . 785 

p  >  V 

p-Toluidine 

M 

24 

4- 

1  670 

1 . 680 

1  734 

=*= 

p  >  v 

Table  II.  Apparent  Properties  of  Some  Primary  Aromatic  Amine  Diliturates  from  Most 

Frequently  Observed  Orientation 


Diliturate 

Habit 

Optical 

Orientation 

Extinction 

Angle 

Refractive 

Indices 

2-Aminoev  mene 

Foliated 

Obtuse 

Parallel 

1 . 507 

1.648 

p-Aminodieth\  Dniline 

Tabular 

Inclined 

Parallel 

\  ariable 

1.659 

p-Aminodimethvlaniline 

Tabular 

obtuse 

Inclined 

Variable 

Variable 

1.668 

2-Amino-l,3-dimethvlbenzene 

Lath-shaped 

optic  axis 
Acute 

20 

1  583 

1.670 

2-Amino-l,4-dimethvlbenzene 

Foliated 

Acute 

28 

1.572 

1 . 657 

4-Amino- 1,3-dimethvlbenzene 

Tabular 

Obtuse 

Parallel 

1 . 522 

1.671 

5-Amino-l  ,3-dimethvlbenzene 

Lamellar  , 

Obtuse 

39 

1 . 543 

1.642 

o-Aminodiphenvl 

Lath-shaped 

Optic  normal 

Parallel 

1.461 

> 1 . 785 

p-Aminodiphenvl 

Lamellar 

Acute 

12 

1  603 

1 . 653 

2-Amino-o-hvdroxv  toluene 

Tabular 

Inclined 

Parallel 

1 . 527 

1.651 

2-Amino-4-nitrophenol 

Acicular 

obtuse 

Inclined 

Parallel 

Variable 

1.722 

o-Aminophenol 

Lamellar 

optic  axis 
Inclined 

Variable 

Variable 

1.673 

m-Aminophenol  (135°  angle) 

Tabular 

optic  axis 
Inclined 

Variable 

Variable 

1.689 

(112°  angle) 

Tabular 

optic  axis 
Inclined 

Parallel 

Variable 

1.750 

p-Aminophenol 

Tabular 

obtuse 

Inclined 

Variable 

Variable 

Variable 

Aniline,  monoclinic 

Tabular 

obtuse 

Inclined 

Parallel 

1 .535 

1.671 

Orthorhombic 

Tabular 

obtuse 

Obtuse 

Parallel 

1.447 

1.738 

Benzidine 

Lath-shaped 

Inclined 

30 

\  ariable 

1.690 

3-Bromo-4-aminotoluene 

Tabular 

optic  axis 
Inclined 

Parallel 

Variable 

1.679 

Tabular 

acute 

Optic  axis 

Variable 

Variable 

1.647 

m-Bromoaniline 

Tabular 

Inclined 

Variable  . 

Variable 

\  ariable 

7>-Bromoaniline,  rectangular 

Tabular 

obtuse 

Inclined 

Parallel 

Variable 

1.749 

Diamond-shaped 

Tabular 

acute 

Acute 

21 

1 . 597 

1.688 

o-Chloroaniline 

Tabular 

Inclined 

Parallel 

\  ariable 

1 . 657 

m-Chloroaniline 

Tabular 

optic  axis 
Acute 

Parallel 

1.777 

>1.785 

p-CMoroaniline 

Tabular 

Acute 

22 

1  . 575 

1.670 

2,4-Diaminophenol 

Tabular 

Inclined 

\  ariable 

1 . 502 

V  ariable 

Acicular 

obtuse 

Variable 

Variable 

Variable 

Variable 

2,4-Diaminotoluene 

Columnar 

Variable 

Variable 

Variable 

\  ariable 

2,5-Diaminotoluene 

Lamellar 

Obtuse 

17 

1.513 

1.749 
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Diliturate 

2,6-Dibromo-4-aminophenol 

2,4-Dichloroaniline 

2,.5-Dichloroaniline 

p-Iodoaniline 

ar-Naphthylamine,  monoclinic 
Triclinic 

d-Naphthylamine 

-y-Nitroaniline 

m-Nitroaniline,  from  water 

From  ethanol 
p-Nitroaniline 

3-  Nitro-4-chloroaniline 

o-Phenylenediamine 

m-Phenylenediamine 

p-Phenylenediamine 

Tolidine 

o-Toluidine 

m-Toluidine 

/>-Toluidine 


Table  II  Conte/. 


Habit 

Tabular 

Optical 

Extinction 

Refractive 

Indices 

Inclined  op- 

44 

Variable 

Variable 

tic  normal 

1.660 

Lamellar 

Acute 

24 

1.572 

Tabular 

Inclined 

28 

Variable 

\  ariable 

optic  axis 

1.751 

Tabular 

Inclined 

Parallel 

4  ariahle 

acute 

1.684 

Lamellar 

Acute 

14 

1 . 635 

Tabular 

Inclined 

Variable 

\  ariable 

> 1 . 785 

obtuse 

1 .758 

Tabular 

Obtuse 

Parallel 

1 . 483 

Tabular 

Inclined 

Parallel 

Variable 

1.714 

optic  axis 

Variable 

Tabular 

Inclined  op- 

3 

^  ariable 

tic  normal 

> 1 . 785 

Lath-shaped 

Acute 

Parallel 

1.750 

Tabular 

Inclined  op- 

17 

1 . 626 

> 1 . 785 

Equant 

tic  normal 
Inclined  op- 

16 

Variable 

Variable 

tic  normal 
Inclined 

6 

1  470 

1.756 

Lath-shaped 

obtuse 

Lamellar 

Inclined 

j 

Variable 

1  694 

obtuse 

1.716 

Tabular 

Obtuse 

25 

1.501 

Lamellar 

Acute 

25 

1 . 590 

1 . 705 

Tabular 

Inclined 

Variable 

Variable 

1.632 

optic  axis 

Variable 

Variable 

Tabular 

Inclined 

Variable 

optic  axis 

1  680 

Tabular 

Acute 

24 

1  670 

1.455 
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tals  to  make  the  crystal 
shape  of  individual  crystals 
valuable  for  identification. 
Attempts  at  recrystallization 
from  ethanol,  ethyl  acetate, 
ether,  petroleum  ether,  and 
acetic  acid  failed  to  produce 
more  regularly  formed  crys¬ 
tals.  Some  characteristics 
of  such  crystals  are  the 
following: 

2-Aminocymene  forms 
dendrites,  spherulites,  and 
pink  masses  of  crystals. 
Crystal  angles  are  occasion¬ 
ally  125°,  but  more  fre¬ 
quently  90°.  Ends  of  the 
crystals  are  often  broken  or 
irregular.  2-Amino-l,4-di- 
methylbenzene  forms  some 
spherulites  and  masses  ot 
crystals,  fragments  of  which 
s.iow  gray  polarization  colors. 
Many  of  the  crystals  are 
very  thin.  5- Amino-1, 3-di- 
methylbenzene  also  forms 
masses  of  crystals,  but  frag¬ 
ments  show  vivid  polariza¬ 
tion  colors.  p-Aminodi- 
phenvl  produces  many  frag¬ 
ments  with  dull  polarization 
colors.  2,5-Dichloroaniline 
crystallizes  in  masses  which 
show  dull  polarization  colors. 
a-Naphthylamine  forms 
dendrites  along  with  well- 
formed  crystals.  It  exhibits 
polymorphism  with  the 
lamellar  crystals  in  greater 
proportion  than  the  tabular 
form.  p-Phenylenediamine 
often  forms  masses  of  very 
small  crystals;  larger  crys¬ 
tals  have  110°  crystal  angles, 
but  also  frequently  show 
broken  ends.  Tolidine  pro¬ 
duces  masses  of  crystals 
which  show  vivid  polariza¬ 
tion  colors. 
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Figure  1 .  Diagrams  of  Crystals  of  Amine  Diliturates 


Additional  descriptions  of 
some  of  the  diliturates  will 
facilitate  identification  of 
them.  The  properties  of  p- 
aminodiethylaniline  dili¬ 
turate  should  be  taken  from 
freshly  prepared  crystals  or 
from  those  which  have  been 
properly  protected  to  pre¬ 
vent  loss  of  water  of  crys¬ 
tallization.  Crystals  of  the 
dried  product  retain  their 
shapes  nicely,  have  the  ap¬ 
pearance  of  being  composed 
of  bundles  of  needles  or 
fibers,  and  possess  higher  re¬ 
fractive  indices. 

Diliturates  of  p-aminodi- 
methylaniline,  o-bromoani- 
line,  and  o-toluidine  exhibit 
no  extinction  in  the  usual 
orientation,  but  the  interfer¬ 
ence  figures  (optic  axis  or 
slightly  inclined  optic  axis) 
indicate  0  to  show  perpendic- 
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Figure  2.  Diagrams  of  Crystals  of  Amine  Diliturates 
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Figure  4 .  Diagrams  o 
Crystals  of  Amine  Diliturate 
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ular  to  the  long  axis  of  the  crystals.  o-Aminophenol  diliturate 
also  presents  no  extinction  in  its  usual  orientation,  but  the 
interference  figure  (slightly  inclined  optic  axis)  indicates  that 
8  is  parallel  to  the  long  axis  of  the  crystal.  Many  of  the  crys¬ 
tals  of  this  compound  are  very  thin  at  the  ends  and  present  a 
broken  appearance. 

Marked  dispersion  is  shown  by  o-aminodi  phenyl  diliturate; 
hence  it  was  necessary  to  determine  0  (1.768)  with  sodium  light. 
With  white  light  the  value  is  approximately  1.774.  Crystals  of 
this  compound  are  very  long  and  therefore  present  many  broken 
ends.  m-Xitroaniline  diliturate,  crystallized  from  ethanol,  also 
presents  high  dispersion.  With  sodium  light  a  value  of  1.750 
is  obtained  for  0  and  with  white  light  a  value  approximating 
1.762  is  found. 

Crystals  of  2-amino-4-nitrophenol  diliturate  present  a  marked 
inclined  dispersion.  The  isogyre  with  violet  fringe  on  the  convex 
side  seems  to  be  thicker  than  the  other  isogyre.  Many  of  the 
crystals  are  somewhat  rounded  and  thin  at  the  ends. 

Crystals  of  aniline  diliturate,  orthorhombic,  show  cleavage 
lines  in  both  directions  parallel  to  the  outline  of  the  crystal  in  its 
usual  orientation.  The  cleavage  lines  parallel  to  the  long  axis 
of  the  crystal  are  somewhat  wavy.  The  orthorhombic  crystals 
are  broader  than  the  monoclinic  variety.  Some  samples  of  ani¬ 
line  diliturate  are  made  up  almost  entirely  of  the  monoclinic  va¬ 
riety,  but  there  are  samples  in  which  the  orthorhombic  form  pre¬ 
dominates. 

When  crystals  of  m-bromoaniline,  usually  fairly  large,  are 
lightly  crushed,  platelets  with  inclined  acute  bisectrix  figures  in 
the  usual  orientation  are  produced.  Some  of  these  platelets  are 
so  well  proportioned  that  they  might  be  mistaken  for  another 
crystal  habit.  The  higher  apparent  refractive  index  of  the  whole 
crystals  lies  near  1.708. 

Diliturates  of  m-chloroaniline  and  p-toluidine  show  dispersed 
birefringence  as  evidenced  by  the  anomalous  polarization  colors 
(purple  or  blue)  at  the  extinction  position. 


If  crystals  of  2,4-diamino 
phenol  diliturate  acicular  li 
perfectly  flat,  then  an  aeut 
bisectrix  interference  figure  i 
presented  and  8  (1.701)  and 
(>1.785)  show.  The  crystal 
are  easily  rolled  in  immersioi 
liquids. 

Many  thin  oval-shaped  crys 
tals  appear  in  samples  o 
2,5-diaminotoluene  diliturate. 

Yellow  crystals  of  p-nitro 
aniline  diliturate  slowly  de 
compose  to  yield  colorles 
crystals.  The  colorless  com 
pound  contains  a  smaller  per 
centage  of  nitrogen  thai 
the  original  colored  crystals 
The  colorless  crystals  have  lower  refractive  indices  and  a  smalle 
optic  angle  than  the  yellow  variety. 

The  usual  orientation  of  m-toluidine  diliturate  shows  a  lov 
variable  refractive  index  which  is  very  close  to  8  (1.675).  Thi 

crystals  are  usually  fairly  large. 

It  was  explained  above  that  many  apparent  refractive  indice; 
are  reported  as  variable.  The  following  are  approximate  value; 
of  some  of  the  apparent  refractive  indices  taken  from  the  crystal 
in  their  most  frequent  orientations.  In  general  these  values  van 
between  rather  wide  limits:  diliturates  of  p-aminophenol,  1.52: 
and  1.715;  benzidine,  1.607;  3-bromo-4-aminotoluene,  1.602 
2,4-diaminophenol  (tabular),  1.705;  2,4-diaminotoluene,  1.491 
and  1.770;  2,6-dibromo-4-aminophenol,  1.595  and  1.760;  2,5 
dichloroaniline,  1.560  and  1.710;  7;-iodoaniline,  1.508;  a-naph 
thylamine  (triclinic),  1.780;  w-nitroaniline  (from  water),  1.531 
and  1.756;  3-nitro-4-chloroaniline,  1.615  and  1.780. 

Mixtures  of  the  ortho,  meta,  and  para  isomers  used  in  this  inves 
tigation  were  made  and  diliturates  of  the  mixtures  were  prepared 
The  mixtures  of  crystals  of  the  diliturates  exhibited  propertie; 
which  were  characteristic  of  the  individual  components  of  th( 
mixtures.  Fractional  crystallization  of  the  mixtures  resulted  in  : 
partial  separation  which  usually  simplified  the  identification 
Frequently  some  distinctive  characteristic  facilitates  the  recog 
nition  of  one  of  the  components — for  example,  crystals  of  in- 
chloroaniline  diliturate  show  dispersed  birefringence,  and  they 
may  be  readily  distinguished  from  the  ortho  and  para  isomers  by 
the  anomalous  polarization  color  exhibited  by  the  crystals  of  th( 
meta  compound. 

The  primary  aromatic  amine  diliturates  have  been  successfully 
used  as  unknowns  for  students  in  an  elementary  chemical  micros¬ 
copy  course. 

LITERATURE  CITED 

(1)  Plein,  E.  M.,  and  Dewey,  B.  T.,  Ind.  Eng.  Chem.,  Anal.  Ed.,  15 
534  (1943). 
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NOTES  ON  ANALYTICAL  PROCEDURES 


Modification  of  the  Arsenic  Method  of  Magnuson  and  Watson 

THOMAS  H.  MAREN1 

Department  of  Parasitolosy,  School  of  Hygiene  and  Public  Health,  Johns  Hopkins  University,  Baltimore,  Md. 


THE  method  of  Magnuson  and  Watson  ( 1 )  for  the  microde¬ 
termination  of  arsenic  in  biological  materials  was  selected 
for  use  in  a  program  concerned  with  the  pharmacology  of  arsenical 
drugs  and  their  application  to  the  chemotherapy  of  certain 
tropical  diseases.  Preliminary  tests  indicated  that  recoveries 
were  within  5  to  10%  of  theoretical  in  the  1-  to  10-microgram 
range,  and  the  method  was  therefore  of  the  required  accuracy. 
The  choice  of  this  method  over  others  which  also  utilize  the 
molybdenum  blue  reaction  was  based  chiefly  on  the  rapidity 
with  which  samples  can  be  run  through.  As  the  authors  state, 
20  to  30  determinations  can  be  done  each  day  with  no  difficulty. 
A  simple  microstill,  commercially  available,  is  the  only  special 
apparatus  required. 

In  this  laboratory  positive  blanks  and  aberrant  high  values 
were  occasionally  encountered  in  handling  this  technique.  The 
present  paper  describes  an  investigation  of  the  cause  of  these 
false  readings,  and  indicates  how  they  can  be  eliminated  by  a 
modification  of  one  of  the  reagents. 

The  following  steps  are  carried  out  in  the  determination  ot  ar¬ 
senic  in  blood,  excreta,  and  organs.  Details  are  described  in  the 
original  paper  (1). 

The  organic  material  is  destroyed  in  a  wet  digestion  using  nitric 
and  sulfuric  acid.  Perchloric  acid  may  also  be  used  at  the  end  of 
the  process. 

Following  digestion  the  arsenic  is  in  pentavalent  form  in 
sulfuric  acid.  This  is  transferred  to  the  microstill,  potassium 
bromide  is  added,  and  arsenic,  probably  in  the  form  of  the 
pentabromide,  is  distilled  together  with  a  small  but  significant 
amount  of  hydrobromic  acid. 

The  distillate  is  treated  with  ammonium  molybdate,  to  form 
a  heteropoly  compound  with  arsenic  as  the  central  atom  in  the 
complex  (2). 

The  heteropole  is  reduced  with  hydrazine  sulfate  to  form  molyb¬ 
denum  blue,  which  gives  a  color  with  a  sharp  absorption  maxi¬ 
mum  at  840  mu.  In  the  final  solution,  1  part  of  arsenic  in  25,- 
000,000  may  be  readily  detected  and  measured,  using  a  Beckman 
spectrophotometer  and  a  light  path  of  50  mm. 

Woods  and  Mellon  (2)  found  that  in  the  analogous  case  of  phos¬ 
phorus  the  hydrochloric  acid-molybdate  ratio  was  important  .  If 
this  ratio  was  too  low,  the  reaction  corresponding  to  the  fourth  step 
would  involve  reduction  of  ammonium  molybdate  itself,  to  form 
molybdenum  blue  even  in  the  absence  of  the  heteropole.  Thus,  in 
any  method  of  this  type  it  is  necessary  to  have  the  acid  sufficiently 

1  Present  address,  Pharmacology  Department,  School  of  Medicine,  Johns 
Hopkins  University,  Baltimore,  Md. 


Table  I.  False  Positive  Arsenic  Readings  Due  to  Low  Halogen 
Acid  Concentration  in  Magnuson-Watson  Procedure 


(All  reagents  tested  and  free  of  As,  Si,  and  P.  Readings  from  standard  As 
curve,  using  Coleman  Spectrophotometer  at  790  m/x.) 

Undistilled  Distilled  _ • 


Milliequivalents 

Milliequivalents 

Reading  as  As,  7 

of  HC1  used 

Reading  as  As,  y 

of  HBr  found 

0 

14.5 

1.8 

1.6 

1.0 

1.5, 1.7, 2.7 

2.0,  2.0 

1 .0,  2.0 

1 . 5 

1.4,0. 6 

2.1 

1.3 

2.0 

0,0,  1.0,  0.6 

3.1,  3.1 

0 

2.5 

0,0,0 

3.5 

0 

3.0 

0,  0,0 

4 . 0  (5- minute 

0 

distillation) 

3.5 

0,  0,0 

4.0 

5.0 

0,  0,0 

high  so  that  only  the  heteropole,  which  contains  the  element 
sought,  is  reduced.  Magnuson  and  Watson  (1)  depended  on  the 
hydrobromic  acid  distilled  in  the  prescribed  4-minute  period  for 
this  purpose.  They  state  (a)  that  2.5  to  4.0  milliequivalents  of 
hydrobromic  acid  are  distilled  in  this  time  and  (b)  that  as  low  as 

l. 0  milliequivalent  is  permissible.  In  their  experiments,  as  well 
as  the  author’s,  hydrobromic  and  hydrochloric  acid  were  used 
interchangeably  in  the  color  development  steps. 

Ten  successive  distillations  were  run  following  the  Magnuson- 
Watson  procedure  exactly.  The  distillates  were  titrated  with 
0.1  N  sodium  hydroxide  using  bromothymol  blue  as  indicator. 
Hydrobromic  acid  in  the  distillates  was  between  1.3  and  3.6  m.e. 
This  range  is  lower  than  that  given  by  Magnuson  and  Watson 
(a,  above).  The  difference  is  significant,  since  the  experiments 
recorded  in  Table  I  show  that  a  positive  blank  occurs  regularly  if 
less  than  2  m.e.  of  acid  is  present.  Thus,  the  permissible  lower 
limit  of  acidity  in  the  original  paper  ( b ,  above)  was  also  subject  to 
revision  in  the  author’s  hands.  Table  I  indicates  that  over  2.1 

m. e.  of  halogen  acid  must  be  present  to  avoid  formation  of  molyb¬ 
denum  blue  in  the  absence  of  arsenic. 

In  view  of  these  findings  it  has  been  possible  to  eliminate  the 
occasional  high  values  and  false  positives  by  the  addition  oi 
1  m.e.  of  hydrochloric  acid  to  the  distillate.  Since  the  lowest  titer 
ever  found  for  a  distillate  was  1.3  m.e.,  this  increment  should 
always  be  sufficient  to  bring  the  total  amount  of  halogen  acid  to 
the  range  where  reduction  of  the  simple  molybdate  and  the  re¬ 
sulting  high  values  and  false  positives  are  completely  eliminated. 
Approximately  500  determinations  have  been  carried  out  with 
this  modification,  and  no  aberrant  results  ot  the  type  originally 
found  have  been  observed.  The  over-all  procedure  has  been 
found  satisfactory  with  regard  to  accuracy,  speed,  and  simplicity. 

MODIFIED  PROCEDURE 

In  order  to  avoid  the  handling  of  an  extra  solution,  the  extra 
milliequivalent  of  hydrochloric  acid  is  added  along  with  the  am¬ 
monium  molybdate  solution.  To  two  volumes  ot  molybdate 
color  reagent,  made  up  according  to  the  directions  of  Magnuson 
and  Watson,  add  one  volume  of  N  hydrochloric  acid.  In  the  color 
development  procedure,  add  3  ml.  of  this  combined  solution  in¬ 
stead  of  2  ml.  of  molybdate  solution  as  called  for  in  the  earlier 
paper.  All  other  solutions  and  directions  are  unchanged. 

SUMMARY 

A  study  has  been  made  of  the  Magnuson  and  Watson  molybde¬ 
num  blue  method  for  arsenic' in  biological  materials,  which  offers 
certain  advantages  over  others  described  in  the  literature.  It  was 
found  that  in  their  distillation  process,  insufficient  acid  was 
carried  over,  and  the  result  was  occasional  high  values  in  the  pres- 
(mce  of  arsenic  and  positive  readings  in  the  absence  of  arsenic 
and  the  other  possible  interfering  elements,  silicon  and  phos¬ 
phorus.  This  was  ascribed  to  reduction  of  simple  molybdate 
ion  in  insufficiently  acid  solution,  and  has  been  eliminated  by  ad¬ 
dition  of  hydrochloric  acid  to  the  distillate. 
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Determination  oF  Free  Carbon  in 


Butyl  Reclaim  by  Modified  A.S.T.M.  Method 


J.  E.  McCREADY  AND  H.  H.  THOMPSON,  Reclaim  Laboratory,  Goodyear  Tire  &  Rubber  Co.,  Akron,  Ohio 


THE  production  and  use  of  regenerated  GR-I  (Butyl)  elasto¬ 
mer,  which  has  scrap  inner  tubes  as  a  main  raw  material, 
made  it  desirable  to  develop  methods  for  analysis  of  the  constit¬ 
uent  materials.  In  applying  the  A.S.T.M.  procedure  (I),  it  was 
difficult  to  obtain  satisfactory  filtering  and  washing  of  the  dis¬ 
solved  sample  in  determination  of  the  free-carbon  content,  be¬ 
cause  of  the  inherent  resistance  of  GR-I  to  nitric  acid  oxidation. 
In  view  of  this  factor,  a  satisfactory  way  to  disintegrate  GR-I 
reclaim  was  sought  that  would  result  in  acceptable  filtering  and 
washing. 

In  fairly  extended  trial  disintegrations  with  possible  solvents  or 
reagents  (acetone,  petroleum  ether,  chlorosulfonic  acid,  mineral- 
seal  oil,  and  others),  mineral-seal  oil  gave  the  best  filtering  and 
washing  and  was  tested  for  accuracy  of  results.  It  was  found 
satisfactory  and  selected  for  regular  use. 


APPARATUS  AND  REAGENTS 

Reagents  needed  are  described  in  A.S.T.M.  D-297-43T.  The 
apparatus  consisted  of  pieces  normally  found  in  a  general  ana¬ 
lytical  laboratory. 

OUTLINE  OF  METHOD 

Essentially,  the  proposed  method  follows  the  A.S.T.M. 
method  for  free  carbon  content  of  rubber  ( 1 ,  Section  23),  except 
that  the  a  extraction  with  chloroform-acetone  is  omitted  and  a  hot 
digestion  in  mineral-seal  oil  precedes  the  treatment  with  nitric 
acid. 

The  general  steps  in  the  analysis  are,  in  order: 

Preparation  and  weighing  of  sample 

Digestion  in  hot  mineral-seal  oil  for  breakdown  and  partial 
separation  of  the  elastomer  fraction 

Filtering 

Alternate  washing  with  solvents  and  hydrochloric  acid  to  re¬ 
move  oils,  waxes,  and  carbonates 

Washing  with  nitric  acid  for  further  removal  of  mineral  fillers, 
other  than  carbon,  that  would  change  upon  ignition 

Final  washes  with  acetone-hydrochloric  acid  mix  to  remove 
last  traces  of  oils  or  fillers 

Drying,  weighing,  igniting,  and  final  weighing  to  determine 
loss  of  carbon 


PROCEDURE 

Weigh  a  0.5000-gram  sample  of  the  GR-I  reclaim,  previously 
sheeted  thinly  (approximately  0.5  mm.  thick),  and  place  in  a 
250-ml.  Erlenmeyer  flask.  Add  50  ml.  of  mineral-seal  oil,  cover 
flask  with  a  watch  glass,  and  heat  overnight  (or  12  hours  mini¬ 
mum)  in  an  oven  set  at  150  °  C. 

Remove  from  the  oven  and  allow  to  cool  to  room  temperature. 
Dilute  the  contents  of  the  Erlenmeyer  with  about  200  ml.  of 
petroleum  ether  and  50  ml.  of  benzene.  Shake  carefully,  to  mix 
solvents,  then  filter  with  moderate  suction  through  a  Gooch 


Table  1. 

Carbon 

in  Butyl  Reclaims 

Maximum 

Deviation 

. - Per  Cent  Free  Carbon - . 

from 

Sample 

Test  1 

Test  2 

Test  3  Av. 

Average 

A 

30.86 

31.07 

31.00  30.98 

0.12 

B 

31.16 

31.39 

31.27  31.27 

0.12 

C 

30.09 

30.22 

29.81  30.04 

0.19 

Av. 

30.70 

30.89 

30.69 

Maximum  deviation 

from  average 

0.61 

0.67 

0.88 

Theoretical 

31, 

.00 

Table  II. 

Per  Cent  of  Free  Carbon  in  Vulcanized  Butyl  Stock 

Sample 

Test  1 

Test  2 

Av. 

D 

31 

.50 

32.19 

31.85 

E 

31 

.81 

31.60 

31.71 

Calculated  value  =  30.30 


crucible  fitted  with  a  moderately  heavy  asbestos  mat.  In  this 
first  transferral  to  the  Gooch,  take  care  that  the  crucible  is  not 
filled  over  3/4  full,  to  prevent  creepage  of  the  carbon  over  top 
edge.  Wash  and  police  flask  free  of  adhering  particles,  using  hot 
acetone  for  the  cleansing.  Wash  the  solids,  now  all  on  the  Gooch 
mat,  using  alternate  applications  of  warm  10%  hydrochloric 
acid  and  boihng  acetone.  Continue  these  alternate  washings 
several  times,  until  the  filtrate  comes  through  clear,  washing  last 
with  10%  hydrochloric  acid  to  avoid  any  violent  reaction  be¬ 
tween  acetone  and  the  nitric  acid  added  in  next  step.  Empty  the 
filter  flask  at  this  time  to  eliminate  the  same  possible  effect. 

Resume  treatment  of  the  material  in  the  Gooch,  still  using 
moderate  suction,  by  washing  once  with  cold  nitric  acid,  five 
times  with  progressively  warmer  nitric  acid,  and  three  or  four 
times  with  boiling  nitric  acid.  After  the  nitric  acid  wash,  empty 
the  filter  flask  and  resume  washing,  making  the  first  filling  of 
the  Gooch  with  a  mixture  of  equal  parts  (by  volume)  of  acetone- 
chloroform-glacial  acetic  acid,  followed  by  several  washes  with 
the  same  mixture,  moderately  heated.  Next,  wash  with  a  hot 
1  to  1  mix  of  acetone-chloroform  and  repeat  until  the  filtrate  runs 
clear,  plus  several  additional  washings.  Finally,  wash  alternately 
with  warm  10%  hydrochloric  acid  and  with  boihng  acetone 
until  the  filtrate  is  again  clear.  Remove  the  Gooch  from  the 
holder,  clean  the  outside  with  a  cloth  moistened  in  acetone,  and 
dry  in  oven  for  2.5  to  3  hours  at  105°  C.  Cool  in  desiccator, 
weigh  (a),  and  then  burn  off  carbon  in  an  electric  muffle  at 
800 0  C.  Cool  in  desiccator  and  weigh  again  (6).  The  difference 
in  weight  (a  —  b )  represents  approximately  105%  of  the  carbon 
originally  present  in  the  form  of  lampblack  or  gas  black. 

Calculation.  %  free  carbon  = 

1.05  X  weight  of  sample  * 

a  =  weight  of  crucible  with  carbon 
b  =  weight  of  crucible  after  ignition 

1.05  =  factor  covering  effect  of  nitric  acid  on  carbon  black 

DATA 

In  making  determinations  on  Butyl  (GR-I)  reclaims,  three 
samples  of  different  production  lots  were  run,  with  three  parallel 
tests  on  each  sample.  Results  are  shown  in  Table  I. 

Such  values  indicate  satisfactorily  close  agreement  between 
check  or  parallel  tests  on  a  given  sample,  with  a  maximum  devi¬ 
ation  from  the  average  of  0.19%  in  a  given  series.  When  com¬ 
paring  results  from  different  samples,  a  somewhat  greater  devia¬ 
tion  is  noted,  but  this  is  undoubtedly  due  to  existing  differences  in 
composition  found  from  one  batch  to  another,  resulting  from  the 
fact  that  varying  amounts  of  reclaiming  oils  are  lost  in  processing. 

While  not  of  direct  connection  to  this  work,  this  modified  pro¬ 
cedure  was  used  in  determining  the  free  carbon  content  of  a  cured, 
unreclaimed  Butyl  (GR-I)  tube  stock.  Such  trial  indicated  that 
the  method  is  usable  and  fairly  accurate,  but  further  checking  is 
desirable  before  applying  it  to  the  vulcanized  stock.  Data  on 
vulcanized  Butyl  stock  are  given  in  Table  II. 

SUMMARY 

Because  of  difficulty  in  filtering  and  washing  when  the  regular 
A.S.T.M.  method  for  free  carbon  was  applied  to  Butyl  reclaim,  a 
modified  procedure  was  developed.  The  essential  change  is  the 
addition  of  a  hot  digestion  in  mineral-seal  oil,  rather  than  use  of 
nitric  acid  alone  for  disintegration  of  the  elastomer,  with  some 
variation  in  the  solvent  and  acid  washes  used  to  eliminate  fillers 
and  oils.  Improved  speed  and  ease  of  manipulation  were  ob¬ 
tained,  with  results  checking  well,  when  compared  with  each  other 
and  with  calculated  values.  While  intended  for  use  on  reclaimed 
stock,  preliminary  trial  on  cured  Butyl  stock  was  satisfactory, 
from  both  technique  and  accuracj'  phases. 
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A  General  Method  of  Color  Grading 
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\  general  method  of  color  grading,  based  on  the  I.C.I.  system,  is 
lescribed.  This  method  is  designed  for  products  in  which  the 
olors  of  all  samples  of  the  given  product  follow  a  known  relation- 
hip  in  color  space;  only  a  single  number  is  needed  to  specify  the 
olor  of  a  sample.  An  example  is  given  of  the  setting  up  of  a  color- 
irading  method  for  liquid  terpene  hydrocarbons  based  on  the  general 
irinciples  discussed  in  the  paper.  An  empirical  expression  for  the 
ocus  of  chromaticities  of  a  number  of  representative  samples  from 
riant  production  was  first  established.  Next,  the  chromaticities  of 
lypothetical  standards  were  selected  such  that  each  tenth-grade 
epresented  approximately  four  just  perceptible  differences.  Thirdly, 

WHENEVER  industry  has  been  confronted  with  the  neces¬ 
sity  of  providing  color  specifications  of  a  product,  one  of  tw o 
lourses  has  usually  been  followed:  (a)  an  attempt  has  been 
nade  to  use  an  existing  color  system,  or  (6)  a  new  one  has  been 
nvented.  As  a  result  of  (a),  many  materials  are  now  being 
?olor-graded  on  the  basis  of  standards  which  have  color  character- 
sties  only  approximating  those  of  samples  of  the  corresponding 
grades.  As  a  result  of  (6),  a  multiplicity  of  color-grading  systems 
bearing  little  or  no  relationship  to  one  another  has  come  into  more 
or  less  general  use  (4).  Such  procedures  have  some  justification 
from  the  standpoint  of  expediency,  but  they  are  very  apt  to  in¬ 
crease  the  confusion  which  surrounds  the  already  complex  sub¬ 
ject  of  color. 

Most  product  color  specifications  are  based  on  a  single-letter 
or  single-number  system — e.g.,  U.  S.  official  rosin  standards, 
Gardner  standards,  etc.  Only  those  products  having  color  char¬ 
acteristics  similar  to  those  of  the  standards  of  a  given  system  maj 
be  graded  by  that  system.  Other  specifications  are  based 
on  a  three-number  (trichromatic)  system— e.g.,  the  Lovibondand 
Munsell  systems.  At  present,  the  three-number  system  most 
widely  recognized  is  the  I.C.E  tristimulus  system  of  color  specifi¬ 
cation  (7,  13).  Practically  all  classes  of  products  may  be  graded 
on  the  basis  of  a  trichromatic  system.  However,  a  three-number 
specification  is  inconvenient  to  obtain  and  hard  to  interpret. 

It  would  appear  to  be  a  hopeless  task  to  set  up  a  universal 
single-number  color-grading  system  applicable  to  all  types  of 
colored  materials.  However,  the  first  step  toward  alleviation  of 
the  confusion  attending  the  large  number  of  existing  single¬ 
number  color  scales  might  very  well  consist  of  reducing  these 
scales  to  a  common  denominator — i.e.,  converting  them  to  the 
universal  I.C.I.  tristimulus  system.  A  good  start  has  ahead} 
been  made  in  this  direction  ( 1 ,  3,  5,  6,  10,  12).  Furthermore, 
whenever  it  is  necessary  to  set  up  a  new  scale  for  a  given  product 
or  class  of  products,  this  scale  too  should  be  given  in  terms  of 
I.C.I.  data.  The  method  by  means  of  which  such  a  scale  can  be 
set  up  is  the  subject  of  this  paper.  It  is  presumed  in  what  fol¬ 
lows  that  the  reader  is  familiar  with  the  terminology  of  the  I.C.I. 
system  (7,  13). 

In  order  to  establish  such  color  scales,  one  must  have  access  to 
a  means  for  determining  the  I.C.I.  specifications  of  the  materials 


actual  physical  standards  composed  of  mixtures  of  color-stable 
inorganic  salts  in  aqueous  solutions  were  prepared  to  match  as 
closely  as  possible  the  color  characteristics  of  the  selected  hypo¬ 
thetical  standards.  Suggestions  are  given  for  the  use  of  these  physi¬ 
cal  standards  in  connection  with  a  photoelectric  photometer  for 
grading  unknown  samples.  The  use  of  similar  color  scales  for 
cellulose  plastics  and  cotton  linters  is  also  cited.  It  is  often  possible 
to  grade  products  on  the  basis  of  existing  color  scales.  An  example 
is  given  of  the  application  of  the  well-known  U.  S.  rosin  standards 
and  Gardner  standards  to  the  grading  of  Thanite,  a  liquid  insecticide 
ingredient. 

under  consideration.  These  can  be  conveniently  calculated  from 
spectral  transmittance  or  reflectance  curves. 

For  the  purpose  of  this  discussion,  the  authors  wish  to  draw  a 
distinction  between  “color  specification”  and  “color  grading  . 
By  the  term  “color  specification”  is  meant  the  designation  of  a 
point  in  the  color  solid  which  corresponds  to  a  plot  of  the  x- 
and  y-trichromatic  coefficients  and  the  luminous  transmittance 
or  reflectance  (F-tristimulus  value)  of  the  sample  in  question. 
By  “color  grading”  is  meant  the  designation  of  the  position  of  a 
point  relative  to  a  scale  of  grade  numbers  or  letters  on  a  pre- 
established  two-dimensional  chromaticity  curve  or  a  three- 
dimensional  color  (chromaticity-  Y)  curve.  Such  a  curve  is  the 
locus  of  points  representing  the  colors  of  a  large  number  of  repre¬ 
sentative  samples  of  the  given  product  for  which  the  grading 
method  has  been  devised.  The  following  discussion  will  make 
this  distinction  more  clear. 

Suppose,  for  example,  that  we  wish  to  determine  the  color  of  a 
given  sample  of  a  certain  product.  One  method  might  consist  of 
determining  three  numbers — e.g.,  I.C.I.  X-,  Y-,  and  Z-tristimulus 
values,  or  x-,  and  y-trichromatic  coefficients  and  I  with  respect 
to  some  illuminant.  Any  one  set  of  three  such  numbers  will 
completely  specify  the  appearance  of  a  uniform  sam  le  for  any 
one  particular  illuminating  and  viewing  condition.  Howe\  er,  it 
is  difficult  for  the  average  person  to  visualize  a  color  from  such  a 
three-number  specification.  A  specification  consisting  of  but  a 
single  number  would  be  much  more  practical.  Such  a  single¬ 
number  specification  could  be  used  if  the  colors  of  all  samples  of  a 
given  product  followed  a  known  relationship  in  color  space. 

For  example,  let  us  assume  that  the  colors  of  samples  of  the 
product  we  are  investigating  obey  a  relationship  such  a,s  that 
represented  by  the  space  curve  AB  of  Figure  1.  Let  us  further 
assume  that  we  have  arbitrarily  set  up  a  sequence  of  numerical 
gr  ades  (from  0  to  8  on  Figure  1)  based  on  equal  increments  of  x- 
trichromaric  coefficient  (Ax).  Then,  a  determination  of  any  one 
of  the  three  coordinates  of  a  sample  color  determines  uniquely  a 
point  on  the  space  curve.  The  position  of  this  point,  as  read  on 
the  numerical  grading  scale,  is  taken  as  the  single-number  speci¬ 
fication  which  we  seek. 

Such  a  procedure  of  determining  a  single-number  color  speci¬ 
fication  is  hereafter  referred  to  as  color  grading,  as  opposed  to 
three-number  color  specification.  Color  grading,  as  defined 
above,  can  be  accomplished  only  when  the  plotted  product  colors 
lie  on,  or  reasonably  close  to,  an  average  curve  such  as  AB.  If 
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the  product  colors  are  widely  scattered — e.g.,  if  some  samples  are 
of  various  shades  of  blue,  others  green,  and  still  others  red — 
samples  cannot  ordinarily  be  graded  on  a  single  scale;  it  is  usually 
necessary  to  determine  a  three-number  specification  for  each 
sample. 


It  has  been  found  by  repeated  experiments  in  this  laboratory 
that  the  eye  has  a  tendency  to  neglect  reasonably  large  differ¬ 
ences  in  luminous  transmittance  during  the  visual  color  grading 
of  transparent  materials.  This  is  fortunate,  because,  in  some 
cases,  as  in  the  grading  of  gum  rosin,  rather  large  variations  in  this 
property  occur  in  samples  having  the  same  chromaticities. 
While  some  tendency  to  downgrade  samples  of  low  Y  value  has 
been  observed,  this  tendency  is  not  so  marked  as  one  might 
expect.  In  the  color  grading  of  refined  products,  such  as  those 
dealt  with  in  this  paper,  only  small  differences  in  Y  among  sam¬ 
ples  of  the  same  chromatieity  exist.  Hence,  methods  of  grading 
have  been  developed  with  the  aid  of  a  simple  two-dimensional 
chromatieity  diagram  ( x  versus  y)  instead  of  a  three-dimensional 
plot  such  as  that  of  Figure  1.  Frequently,  however,  variations 
in  luminous  transmittance  or  reflectance  among  samples  of,the 
same  chromatieity  are  too  large  to  neglect.  In  such  cases,  a 
notation  giving  information  regarding  Y  should  accompany  each 
single-number  grading. 


TYPICAL  COLOR  SCALE 

In  order  to  illustrate  the  foregoing  principles,  a  description  will 
be  given  of  the  development  of  a  method  of  grading  a  series  of 
liquid  terpene  hydrocarbons,  all  of  which  had  been  refined  by 
fractional  distillation,  and  samples  of  which  varied  in  color  from 
practically  water-white  to  dark  amber.  The  first  step  in  the 
procedure  consisted  of  obtaining  a  large  number  of  samples  from 
regular  plant  production.  Spectral  transmission  curves  were  ob¬ 
tained  on  these  samples,  and  from  the  curves  the  x-  and  y-tri- 
chromatie  coefficients  and  luminous  transmittances  with  respect 
to  Illuminant  C  were  calculated.  Representative  curves  from 
the  set  are  shown  in  Figure  2,  and  trichromatic  coefficients  and 
luminous  transmittances  are  given  in  Table  I  for  the  entire  set. 
Figure  3  is  a  plot  of  x  versus  y  from  the  data  of  Table  I.  Al¬ 
though  there  is  some  spread  of  the  points,  they  follow  a  definite 
locus  on  the  chromatieity  diagram. 


Table  I.  x-  and  y-Trichromatic  Coefficients  and  Luminous  Trans¬ 
mittances  of  Samples  of  Liquid  Terpene  Hydrocarbons  Refined  by 
Fractional  Distillation 


(50-mm.  cell  thickness) 

Luminous 


Sample  No. 

X 

V 

Transmittance, 

% 

Illuminant  C 

0.3101 

0.3163 

92 

1 

0.3110 

0.3190 

90.40 

2 

0.3111 

0.3184 

90.67 

3 

0.3112 

0.3197 

90.74 

4 

0.3120 

0.3201 

90.22 

5 

0.3128 

0.3211 

89.21 

6 

0.3131 

0.3222 

90.74 

7 

0.3134 

0.3229 

90.29 

8 

0.3135 

0.3221 

89.37 

9 

0.3146 

0.3246 

89.72 

10 

0.3148 

0.3254 

90.72 

11 

0 . 3155 

0.3275 

90.34 

12 

0.3156 

0.3268 

90.09 

13 

0.3174 

0.3296 

89.19 

14 

0.3185 

0.3305 

88.04 

15 

0.3185 

0.3310 

88.90 

16 

0.3198 

0.3321 

88.06 

17 

0 . 3206 

0.3342 

89.67 

18 

0.3215 

0.3359 

87.75 

19 

0.3226 

0.3389 

89.56 

20 

0.3239 

0.3396 

89.07 

21 

0.3253 

0 . 3400 

86.26 

22 

0.3287 

0.3482 

88.73 

23 

0.3299 

0 . 3505 

87.90 

24 

0.3415 

0.3678 

86.53 

25 

0.3416 

0.3694 

86.40 

26 

0.3487 

0.3801 

85.50 

27 

0.3876 

0.4190 

72.99 

28 

0.3948 

0.4265 

74.79 

29 

0.4487 

0.4722 

64.09 

in  order  to  aid  in  establishing  the  position  of  this  locus,  it  is 
often  helpful,  although  not  always  necessary,  to  rectify  the  plot — 
i.e.,  to  select  coordinates  which  will  yield  a  straight  line.  This 
has  been  done  in  Figure  4  which  was  plotted  from  the  data  of 
Table  II.  After  coordinates  have  been  selected  such  that  the 
data  plot  out  in  a  close  approximation  to  a  straight  line,  the  usual 
methods  of  establishing  the  equation  of  the  curve  may  be  applied. 
In  the  present  case,  the  equation  was  found  to  be 

y  =  0.3701  log  100  Or  -  0  2216)  -  0  0267  (It 


WAVELENGTH  (MILLIMICRONS) 

Figure  2.  Spectral  Transmittance  Curves  of  Typical 
Terpene  Hydrocarbons 

Cell  thickness,  50  mm. 
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y  the  method  of  averages.  General  methods  of  calculating 
mpirical  equations  may  be  found  in  several  references  (£,  11). 

If  enough  samples  are  measured  to  ensure  a  representative 
ross  section  of  plant  production,  and  if  the  manufacturing 
rocess  is  held  constant,  this  equation  may  be  considered  as  the 
efining  equation  of  the  locus  of  points  representing  the  colors  of 
imples  of  the  product.  However,  if  at  any  time  the  manu- 
icturing  process  is  modified  in  such  a  way  as  to  change  the 
haracter  of  the  color  of  the  samples,  a  new  set  of  colorimetric 
ata  should  be  obtained,  and  a  new  equation  calculated. 

Once  the  basic  defining  equation  is  established,  the  next  step 
onsists  of  setting  up  standards  in  terms  of  which  routine  grading 
-suits  may  be  expressed.  The  spacing  of  these  standards  is  an 
ntirely  arbitrary  procedure  and  depends  on  the  accuracy  with 
hich  it  is  desired  to  grade.  Generally,  there  is  no  point  in  es- 
iblishing  fractional  grade  differences  which  are  less  than  mini- 
mm  perceptible  differences.  Whether  or  not  they  are  less  can 
e  determined  by  replotting  the  locus  on  a  uniform  chromaticity 
iagram  such  as  that  proposed  by  Judd  (8,  9).  Often,  however, 
isual  examination  of  a  number  of  specimens  which  have  small 
erceptible  color  differences,  and  whose  chromaticities  are  known, 
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Figure  3.  Chromaticities  of  Terpene  Hydrocarbons 


Table  II.  Data  for  Rectified  Plot  of  Chromaticities  of  Terpene 

Hydrocarbons 


Sample 

No. 

X 

x  —  0.2256 

Illuminant  C 

0.3101 

0.0845 

1 

0.3110 

0 . 0854 

2 

0.3111 

0 . 0855 

3 

0.3112 

0 . 0856 

4 

0.3120 

0 . 0864 

5 

0.3128 

0  0872 

6 

0.3131 

0.0875 

7 

0.3134 

0.0878 

8 

0.3135 

0 . 0879 

9 

0.3146 

0 . 0890 

10 

0.3148 

0 . 0892 

11 

0.3155 

0 . 0899 

12 

0.3156 

0.0900 

13 

0.3174 

0.0918 

14 

0.3185 

0.0929 

15 

0.3185 

0 . 0929 

16 

0.3198 

0.0942 

17 

0.3206 

0 . 0950 

18 

0.3215 

0 . 0959 

19 

0.3226 

0.0970 

20 

0.3239 

0 . 0983 

21 

0.3253 

0 . 0997 

22 

0.3287 

0.1031 

23 

0.3299 

0.1043 

24 

0.3415 

0.1159 

25 

0.3416 

0.1160 

26 

0.3487 

0.1231 

27 

0.3876 

0  1620 

28 

0.3948 

0  1692 

29 

0 . 4487 

0.2231 

log  100  X 
(x  -  0.2256) 

y 

y  -  0.3163 

0.9269 

0.3163 

0 

0.9315 

0.3190 

0.0027 

0.9320 

0.3184 

0.0021 

0.9325 

0.3197 

0  0034 

0  9365 

0.3201 

0 . 0038 

0 . 9405 

0.3211 

0.0048 

0.9420 

0.3222 

0  0059 

0 . 9435 

0.3229 

0  0066 

0 . 9440 

0.3221 

0 . 0058 

0.9494 

0.3246 

0 . 0083 

0.9504 

0.3254 

0  0091 

0.9538 

.0.3275 

0.0112 

0.9542 

0.3268 

0.0105 

0.9628 

0.3296 

0.0133 

0 . 9680 

0  3305 

0.0142 

0 . 9680 

0.3310 

0.0147 

0.9740 

0.3321 

0.0158 

0.9777 

0.3342 

0.0179 

0.9818 

0.3359 

0.0196 

0.9868 

0.3389 

0.0226 

0  9926 

0.3396 

0.0233 

0 . 9987 

0  3400 

0.0237 

1  0133 

0.3482 

0.0319 

1.0183 

0 . 3505 

0.0342 

1 . 0641 

0.3678 

0.0515 

1 . 0645 

0.3694 

0.0531 

1 . 0903 

0  3801 

0  0638 

1  2095 

0.4190 

0.1027 

1 . 2284 

0.4265 

0  1102 

1 . 3485 

0.4722 

0  1559 

will  be  sufficient  for  the  selection  of  a  practical  unit  of  fractional 
grading. 

For  example,  a  number  of  the  samples  represented  on  the 
chromaticity  diagram  of  Figure  3  were  examined  visually,  and  it 
was  decided  that  two  samples  having  a  difference  in  x-trichromat  ic 
coefficients  of  approximately  0.0030  could  easily  be  distinguished 
under  ordinary  north  sky  illumination.  This  difference  was 
called  one-tenth  grade.  A  Ax  of  0.0300,  therefore,  represents  one 
full  grade.  Actually  it  was  found,  by  reference  to  the  Judd 
uniform  chromaticity  diagram,  that  one-tenth  grade  represents, 
on  the  average,  approximately  four  just  perceptible  differences. 
However,  for  our  purpose,  the  grading  unit  was  considered  suf¬ 
ficiently  small. 

The  grades  increase  in  numerical  value  from  0,  which  repre¬ 
sents  a  water-white  sample — i.e.,  one  having  a  chromaticity 
equal  to  that  of  Illuminant  C — to  4,  which  represents  a  standard 
about  as  dark  as  any  sample  encountered  in  the  representative 
lot.  In  Figure  3  are  shown  the  positions  of  these  arbitrarily 
chosen  standards  on  the  product  locus. 

The  spacing  of  standards  may  be  done  on  the  basis  of  one  of 


*  Terpene  hydrocarbons 
9  Arbitrarily  chosen  hypothetical  standards 
O  Actual  working  standards 


the  other  colorimetric  quantities  instead  of  x.  Thus,  certain 
materials  might  better  be  graded  on  the  basis  of  equal  increments 
of  y,  still  others  on  the  basis  of  equal  increments  of  z, 
excitation  purity,  or  dominant  wave  length.  An  even 
better  method  of  spacing  would  be  based  on  equal  dis¬ 
tances  on  one  of  the  uniform  chromaticity  diagrams  cited 
above,  since  equal  spacings  on  these  diagrams  more  closely 
approximate  corresponding  estimated  visual  differences 
than  equal  spacings  on  the  I.C.I.  diagram. 

Through  the  medium  of  such  data  interlaboratory  com¬ 
parisons  of  color  scales  could  readily  be  made.  Color 
scales  “tailor-made”  to  fit  the  products  for  which  they 
were  intended  could  be  set  up  without  fear  that  the  re¬ 
sulting  large  number  of  scales  would  introduce  un¬ 
warranted  complexity.  Correspondence  between  labora¬ 
tories  involving  color  scale  comparisons  would  neces¬ 
sarily  include  tables  of  x,  y,  and  Y  values  of  numbered 
standards  on  the  scales  under  discussion.  Alternatively, 
one  might  use  equations  such  as  Equation  1  or  plots  such 
as  that  in  Figure  3  for  such  comparisons. 


STANDARDS 


Figure  4.  Rectified  Plot  of  Chromaticities  of  Terpene  Hydrocarbons 


The  next  step  in  establishing  the  grading  method  con¬ 
sists  of  devising  actual  physical  standards,  the  chroma- 
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t  icities  of  which  will  match  as  nearly  as  possible  the  chromaticities 
of  the  arbitrarily  chosen  hypothetical  standards.  Physical  stand¬ 
ards  may  consist  of:  (1)  specimens  of  the  material  itself  which  are 
chosen  to  match  in  color  the  hypothetical  standards;  (2)  standards 
consisting  of  combinations  of  colored  glasses;  or  (3)  standards  com¬ 
posed  of  mixtures  of  solutions  of  organic  or  inorganic  compounds. 
Any  set  of  standards  chosen  should  have  the  following  character¬ 
istics:  (1)  The  spectral  transmittance  curves  should  be  similar  in 
character  to  those  of  the  material  being  graded.  (2)  The  stand¬ 
ards  should  have  reasonably  permanent  color  characteristics 
over  a  long  period  of  time.  (3)  Their  colors  should  not  be  ap¬ 
preciably  altered  by  variations  in  temperature  over  the  range 
from  15  °  to  30  °  C.  (4)  They  should  be  easy  to  prepare. 


Figure  5.  Chromaticity  Loci  of  Acid  Aqueous  Solu¬ 
tions  of  U02(N03X>.6H20,  KiPtCL,  and  C0CL.6H2O 

1.  Various  thicknesses  of  U0s(N03)2.6H:0  stock  solution 

2.  Various  thicknesses  of  50%  U02(N03)2.6H20  stock  solution 

+  50%  K2PtCU  stock  solution 

3.  Various  thicknesses  of  35%  U02(N03)2.6H20  stock  solution  + 

65%  ICPtCU  stock  solution 

4.  Various  thicknesses  of  20%  U02(N03)2.6H20  stock  solution  + 

80%  K2PtCl6  stock  solution 

5.  Various  thicknesses  of  1 0%  U02(N03)2 . 6H2O  stock  solution  + 

90%  K2PtCl6  stock  solution 

6.  Various  thicknesses  of  K'PtCL  stock  solution 

7.  Various  thicknesses  of  94%  K2PtCl6  stock  solution  +  6%  C0CI2.- 

6HiO  stock  solution 

8.  Hydrocarbon  product  locus 

9.  Various  thickness  of  92%  ICPlCIs  stock  solution  +  8%  C0CI2.- 

6H2O  stock  solution 

1 0.  Various  thicknesses  of  C0CI3.6H2O  stock  solution 


Standards  prepared  from  the  material  itself  usually  have  most 
of  the  desirable  characteristics  enumerated  above,  except  that  of 
permanence.  This  characteristic  may  often  be  improved  by 
sealing  the  standards  in  air-tight  glass  containers  under  vacuum 
or  in  inert  atmospheres,  and  by  storing  them  in  the  dark.  When 
using  such  standards,  their  spectral  transmittances  should  be 
checked  frequently  to  determine  whether  any  appreciable  change 
in  color  with  time  is  taking  place.  If  small  changes  do  occur,  the 
nominal  value  of  each  of  the  standards  may  be  adjusted  from  time 
to  time  to  compensate  for  such  changes. 

Although  glass  standards  are  usually  satisfactory,  it  may  be 
found  that  because  of  the  limited  number  of  suitable  types  of 
glass  available,  it  may  be  impossible  to  match  the  hypothetical 
standards  accurately.  Moreover,  the  calculations  involved  in 
determining  the  relative  thicknesses  of  two  or  more  components 
necessary  to  match  a  given  hypothetical  standard  must  be  re¬ 
peated  each  time  it  is  necessary  to  replace  the  standards,  unless 
the  glasses-  for  the  replacement  set  are  taken  from  the  same  melts 


as  used  previously.  The  glass  elements  must  be  accurately 
ground  to  the  calculated  thicknesses  to  avoid  error.  This 
means  that  considerable  expense  is  involved  in  making  up  a  set. 

On  the  other  hand,  many  liquid  standards,  especially  those 
made  with  acid  solutions  of  certain  inorganic  salts,  have  excellent 
color  stability  and  have  the  great  advantage  of  being  easy  to  pre¬ 
pare.  It  may  be  difficult  to  choose  a  liquid  or  combination  of 
liquids  having  spectral  transmittance  curves  similar  to  those  of 
the  material  being  color  graded.  However,  in  many  cases,  a 
sufficiently  good  approximation  may  be  obtained  for  practical 
grading. 

In  the  present  example,  a  series  of  liquid  standards  was  pre¬ 
pared  from  acid  solutions  of  the  following  salts  which  are  known 
to  be  color-stable:  uranyl  nitrate  hexahydrate,  potassium 
chloroplatinate,  and  cobalt  chloride  hexahydrate.  The  reason 
for  this  choice  will  be  evident  from  an  examination  of  Figure  5, 
which  shows  the  loci  of  points  representing  the  colors  of  different 
thicknesses  of  stock  solutions  of  each  of  the  three  salts  and  of 
various  mixtures  of  stock  solutions  of  these  salts  on  a  chromat  icity 
diagram,  together  with  the  product  locus  of  Figure  3. 

The  stock  solution  of  potassium  chloroplatinate  was  prepared 
with  1  gram  of  potassium  chloroplatinate  plus  50  cc.  of  concen¬ 
trated  hydrochloric  acid  made  up  to  a  volume  of  500  cc.  with 
distilled  water.  The  stock  solution  of  cobalt  chloride  hexa¬ 
hydrate  was  prepared  with  1  gram  of  cobalt  chloride  hexahydrate 
plus  50  cc.  of  concentrated  hydrochloric  acid  made  up  to  a  volume 
of  500  cc.  with  distilled  water.  The  stock  solution  of  uranyl 
nitrate  hexahydrate  was  prepared  with  2  grams  of  uranyl  nitrate 
hexahydrate  made  up  to  a  volume  of  50  cc.  with  distilled  water. 

Since  these  solutions  were  known  to  obey  Beer’s  law,  different 
thicknesses  instead  of  different  concentrations  were  used  for 
convenience.  Hence,  in  order  to  obtain  any  given  locus,  spectral 
transmittance  curves  of  only  one  solution  in  matched  optical  cells 
of  different  thicknesses  were  run. 

In  Figure  5,  it  will  be  seen  that  the  potassium  chloroplatinate 
locus  (curve  6)  crosses  the  product  locus  (curve  8)  at  a  point  near 
the  upper  end  of  the  diagram.  The  locus  o  points  representing 
different  thicknesses  of  a  90%-10%  mixture  of  stock  solutions 
of  the  two  salts,  potassium  chloroplatinate  and  uranyl  nitrate, 
respectively  (curve  5),  crosses  the  product  locus  at  a  point  nearer 
the  illuminant  point.  An  80%-20%  mixture  yields  a  locus 
(curve  4)  which  crosses  at  a  point  still  nearer,  and  so  on.  A  plot 
is  then  made  of  the  x-trichrornat  ic  coefficients  of  the  crossing 
points  versus  the  concentration  of  one  of  the  constituents,  as 
shown  in  Figure  6,  a. 

In  the  case  of  standards  darker  than  those  represented  by  the 
crossing  point  of  the  potassium  chloroplatinate  stock  solution 
locus,  mixtures  of  potassium  chloroplatinate  and  cobalt  chloride 
stock  solutions  were  used  to  give  crossing  points  on  the  upper  part 
of  the  product  locus.  Figure  6,  b,  is  a  plot  of  these  crossing 
points  versus  the  concentration  of  cobalt  chloride  stock  solution. 
From  these  curves  the  desired  relative  concentrations  of  the  stock 
solutions  which  will  yield  a  locus  crossing  the  product  locus  at  a 
point  representing  the  chromaticity  of  a  hypothetical  standard 
may  be  found.  Table  III  shows  the  relative  concentrations  of 
stock  solutions  of  the  salts  necessary  to  yield  such  loci.  These 
data  were  obtained  directly  from  Figure  6. 


Table  III.  Relative  Concentrations  of  Stock  Solutions  Necessary  to 
Yield  Loci  Which  Cross  Product  Locus  at  Chromaticities  Equal  to 


Those  of  Selected  Standards 

Standard 

No. 

^-Trichromatic 

Coefficient 

Relative  Concentrations  of 
Stock  Solutions 

0 

0.3100 

(actually  0 .3101) 

Distilled  H20 

1 

0  3400 

38.0%  U02(N03)2.6H20  + 
62.0%  K2PtCle 

2 

0,3700 

11.0%  U02(N03)2.6H20  + 
89.0%  K2PtCls 

3 

0.4000 

0.5%  U02(NOs)2.6H20  + 
99.5%  K2PtCls 

4 

0.4300 

7.1%  CoCl2. 6H20  + 

92.9%  K2PtCl8 

September,  1946 
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Figure  6.  x-Trichromatic  Coefficients  of  Crossing  Points  of 
Solution  Loci  and  Product  Locus  Versus  Relative  Con¬ 
centration  of  One  Solution  Constituent 


Next,  spectral  transmittance  curves  of  different  thicknesses  of 
solutions  made  up  in  accordance  with  Table  III  were  run,  and  the 
corresponding  chromaticities  were  computed.  The  x-trichro- 
matic  coefficients  corresponding  to  the  different  thicknesses  oi 
each  of.  these  solutions  are  given  in  Table  IV.  The  thicknesses, 
t,  corresponding  to  x-trichromatic  coefficients  equal  to  those  of 
the  desired  hypothetical  standards  may  then  be  interpolated  from 
the  table  or  from  a  curve  of  t  versus  x. 

Since  Beer’s  law  holds,  solutions  of  thickness  t  are  equivalent 
colorimetrically  to  5  cm.  of  solution  diluted  in  the  ratio  of  t 
parts  of  original  solution  to  (5  —  f)  parts  of  distilled  water. 
Using  this  relationship,  the  proper  concentrations  of  the  various 
constituents  in  5  cm.  of  aqueous  solution  to  yield  each  of  the 
hypothetical  standards  were  determined.  These  are  recorded 
in  Table  V.  The  solutions  were  then  made  up  in  accordance 
with  the  compositions  listed  in  Table  V,  placed  in  5-cm.  glass 
absorption  cells,  and  sealed  off. 

As  a  final  check,  spectrophotometric  data  were  obtained  on 
each  standard  (Table  V).  The  locus  connect  ing  these  points  on  a 
chromaticity  diagram  should  coincide  with  the  product  locus. 
In  the  actual  case  considered  here,  the  agreement  is  shown  in 
Figure  3. 

The  foregoing  procedure  represents  a  considerable  expenditure 
of  labor.  However,  once  the  standards  have  been  contrived, 
they  may  be  reproduced  with  ease  at  any  time.  The  cells  in 
which  the  standards  were  sealed  can  be  made  by  an  experienced 
glass  blower  for  approximately  $1.50  each.  In  this  work,  5-cm. 
cells  were  used  instead  of  cells  of  less  thickness,  since  they  are 
somewhat  easier  to  hold  within  the  required  thickness  tolerance, 
which  is  of  the  order  of  =*=  1%. 


FILTERS 

The  next  step  in  setting  up  the  grading  method  is  to  chooSe  a 
pair  of  filters  to  be  used  on  a  suitable  photoelectric  photometer 
for  obtaining  quantities  proportional  to  the  established  grades. 
Two  filters  or  filter  combinations,  one  of  which  is  selected  to  yield 


a  photocell  response  proportional  to  the  A-tristimulus  value,  and 
the  other  of  which  is  selected  to  yield  a  photocell  response  pro¬ 
portional  to  the  sum  of  the  X-,  V-,  and  Z-tristimulus  values,  will 
give,  when  the  ratio  of  the  first  to  the  second  is  computed,  a 
product  proportional  to  the  x-trichromatic  coefficient  (since 


X 

X  +  Y  +  Z 


=  x). 


However,  a  pair  of  filters  which  would  be  more  desirable  from 
the  standpoint  of  sensitivity  and  response  could  be  selected  from 
an  examination  of  the  spectrophotometric  curves  of  samples  of 
the  product.  It  will  be  seen  from  an  examination  of  Figure  2 
that  from  sample  to  sample,  the  greatest  change  takes  place  in 
the  blue  and  violet  regions  of  the  spectrum,  while  very  little 
change  takes  place  in  the  red  region.  Hence,  for  maximum 
sensitivity,  one  would  assume  that,  a  ratio  of  blue  to  red  filter 
readings  would  be  the  most  satisfactory.  However,  most  of  the 
commercially  available  red  glasses  are  of  the  selenium  type. 
These  have  high  temperature  coefficients  which  make  them  un¬ 
reliable  for  ordinary  routine  grading  purposes.  On  the  other 
hand,  amber  (orange)  filters  can  be  made  up  from  glasses  having 
negligible  temperature  coefficients.  It  will  be  seen  from  Figure 
2  that  while  slightly  greater  changes  occur  in  the  orange  than  in 
the  red  region  of  the  spectrum  between  different  samples,  the 
changes  are  still  small  compared  to  those  occurring  in  the  blue 
and  violet  regions.  Amber  and  violet  filters  were  used  with  a 
photoelectric  photometer  to  obtain  the  calibration  curve  of 
Figure  7,  in  which  instrument  readings  are  plotted  against  the 
grades  of  the  previously  described  set  of  five  liquid  standards. 


Table  IV.  x  vs.  Thickness  for  Solutions  Made  Up  in  Accordance 


with  Table  III 

Relative  Concentrations  of 

Thickness, 

x-Trichromatic 

Stock  Solutions 

Cm. 

Coefficient 

38.0%  U02(N03)2.6H20  + 

0 

0.3101 

62.0%  K2PtCls 

1 

0.3435 

1.8 

0 . 3662 

3 

0.3941 

5 

0.4271 

11.0%  U02(N03)2.6H20  + 

0 

0.3101 

89.0%  K2PtCls 

1 

0  3435 

1.8 

0.3672 

3 

0.3967 

5 

0 . 4349 

0.5%  U02(N03)2.6H20  + 

0 

0.3101 

99.5%  KoPtCU 

1 

0.3434 

1.8 

0 . 3673 

3 

0  3981 

5 

0.4370 

7.1%  C0CI2.6H2O  + 

0 

0.3101 

92.9%  K2PtCl6 

1 

0.3414 

1.8 

0  3644 

3 

0.3943 

5 

0  4331 

Table  V.  Calculated  Concentrations  of  Salts  in  Aqueous  Solutions 
^nd  5-Cm.  Thicknesses  to  Color  Match  Hypothetical  Standards 

Standard 


No. 

X 

V 

Composition 

0“ 

0.3104 

0.3182 

Distilled  H2O 

1 

0.3385 

0.3646 

0.22  gram  of  I^PtCU  +  2.64  gram 
of  U02(N03)2.6H20  +  10.8  cc. 
of  HC1  made  up  to  1  liter  with 
distilled  H20 

2 

0.3629 

0 . 3952 

0.67  gram  of  K2PtCle  +  1.66  gram 
of  U02(N03)2.6H20  -f-  33.6  cc. 
of  HC1  made  up  to  1  liter  with 
distilled  H20 

3 

0.3984 

0.4306 

1.22  grams  of  K2PtCl6  +  0.12  gram 
of  U02(N03)2.6H»0  61.1  cc. 

of  HC1  made  up  to  1  liter  with 
distilled  H2O 

4 

0.4307 

0.4589 

1.79  grams  of  K2PtClti  -f  0.14  gram 
of  U02(N03)2.6H20  -f-  96.2  cc. 
of  HC1  made  up  to  1  liter  with 
distilled  H20 

“  Chromaticity  differs  from  that  of  Illuminant  C  because  of  color  of  glass 

cell  windows. 
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Since  the  grading  method  was  set  up  on  the  basis  of  the  I.C.I. 
system,  the  use  of  filters  other  than  those  yielding  I.C.I.  specifica¬ 
tions  will  give  rise  to  grading  errors  if  the  samples  and  standards 
are  not  spectrally  similar.  A  method  of  correcting  for  such 
errors  is  discussed  more  fully  below. 

PHOTOELECTRIC  PHOTOMETERS 

The  following  basic  design  features  in  photoelectric  photometers 
have  been  found  desirable  for  trouble-free  color  grading: 

An  essentially  parallel  light  beam  of  just  sufficient  intensity  to 
give  adequate  sensitivity. 

An  absorption  cell  with  plane  glass  windows  which  should  be 
of  reasonable  optical  quality  essentially  free  from  disturbing 
color  in  the  glass. 

A  receiver  consisting  of  one  or  more  barrier-layer  photocells, 
the  faces  of  which  are  illuminated  uniformly  by  the  beam  of  light 
after  it  has  passed  through  the  sample;  (these  photocells  should 
preferably  be  chosen  to  have  high  internal  dark  resistance  and 
low  fatigue). 

A  set  of  filters,  the  spectral  transmittances  of  which  prefer¬ 
ably  are  so  chosen  with  respect  to  the  spectral  sensitivity  of  the 
photocell  and  the  spectral  distribution  of  the  light  source  that  the 
photocell  response  (depending  on  the  filter)  is  proportional  to  one 
of  the  tristimulus  values  or.  to  the  sum  of  the  three  tristimulus 
values  of  the  sample  being  measured. 

An  electrical  circuit  which  offers  a  low  external  resistance  to  the 
photocells.  The  circuit  preferably  should  be  of  the  null  type — 
e.g.,  one  in  which  the  desired  transmittance  readings  are  obtained 
from  a  value  of  resistance  read  on  a  dial  or  slide  wire,  or  from  a 
calibrated  flux-reducing  mechanism  in  the  optical  path. 


Figure  7.  Photometer  Calibration  Curve 


These  fundamental  characteristics  of  good  design  are  found  in 
several  photometers  now  available  on  the  market.  In  the  work 
described  in  this  report,  a  null-type  photometer  of  the  authors’ 
own  design  was  used.  This  instrument  is  so  constructed  that  a 
ratio  of  one  photocell  response  to  another  may  be  read  directly 
from  a  slide  wire. 

CALIBRATION 

Before  unknown  samples  were  graded,  a  calibration  curve  was 
prepared  by  inserting  each  of  the  standards  in  the  light  beam  in 


Figure  8.  Spectral  Transmittance  Curves  of  Working 
Standards 

Slight  spectral  selectivity  of  0  standard  due  to  small  amount  of  color  present  in 
glass  of  cell  windows 


turn,  and  taking  the  corresponding  readings  as  described  above. 
These  readings  were  plotted  against  the  actual  grades  of  the 
standards  on  a  sheet  of  single-cycle,  semilogarithmic  paper.  It 
was  fortuitous  that  a  straight  line  resulted,  as  is  shown  in  Figure 
7.  This  circumstance  makes  it  possible  to  plot  a  calibration 
curve  with  only  two  standards.  In  general,  however,  such  a 
calibration  would  be  a  curve,  and  it  would  be  necessary  to  run  a 
complete  set  of  standards  each  time  a  calibration  was  made. 
With  some  of  the  authors’  instruments,  this  is  done  every  few 
days  and  takes  less  than  5  minutes. 

Samples  were  graded  by  pouring  them  in  5-cm.  cells,  inserting 
each  of  the  cells  in  the  light  beam  in  turn,  and  taking  instrument 
readings.  Each  reading  was  referred  to  the  calibration  curve, 
and  the  grade  was  read  to  the  nearest  tenth  grade. 

If  samples  and  standards  are  not  spectrally  similar,  a  given 
sample  having  the  same  I.C.I.  specifications  as  one  of  the  stand¬ 
ards  will  not  necessarily  grade  the  same  as  the  standard  on  a 
photoelectric  photometer  using  a  pair  of  filters  other  than  those 
carefully  designed  to  yield  I.C.I.  specifications.  However,  the 
standards  may  still  be  used  to  check  the  calibration  of  the  instru¬ 
ment  periodically  if  the  samples  themselves  are  unstable.  In 
such  a  case,  the  proper  corrections  may  be  computed  by  (1)  cal¬ 
culating  grades  of  a  series  of  samples  from  I.C.I.  data  obtained 
spectrophotometrically  and  referred  to  the  product  locus,  (2) 
calculating  grades  from  photoelectric  photometer  readings  re¬ 
ferred  to  a  calibration  curve  obtained  for  the  photometer  with 
the  selected  standards,  and  (3)  computing  differences  in  the  grades 
obtained  by  the  two  methods.  These  differences  may  then  be 
used  to  correct  all  readings  subsequently  made  on  the  photometer. 

'This  procedure  will  be  clarified  by  describing  its  application  to 
the  grading  of  terpene  hydrocarbons.  The  spectral  dissimilarity 
between  the  samples  and  the  inorganic  standards  may  be  seen  by 
comparing  the  transmittance  curves  of  the  former  (Figure  2). 
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with  those  of  the  latter  (Figure  8).  In  order  to  establish  a  cor¬ 
rection  for  this  dissimilarity,  the  following  procedure  was  used. 

A  number  of  samples  selected  from  a  group  of  those  falling  near 
the  product  locus  of  Figure  3  were  assigned  fractional  grades  by 
interpolating  their  spectrophotometrically  determined  x-tri- 
chromatic  coefficients  between  those  of  the  arbitrarily  chosen 
standards  listed  in  Table  III.  These  grades  are  listed  in  column 
4  of  Table  VI.  Next,  readings  were  obtained  on  the  grading 
photometer,  and  were  referred  to  the  calibration  curve  of  Figure 
7.  Fractional  grades  were  again  assigned  on  the  basis  of  this 
calibration  curve,  and  are  listed  in  column  5  of  Table  VI.  Dif¬ 
ferences  in  the  grades  assigned  by  the  two  methods  are  given  in 
column  6.  In  the  case  considered  here,  these  differences  were 
small  enough  to  be  neglected.  In  general,  however,  they  could 
be  used  to  correct  the  original  calibration  curve. 

OTHER  COLOR  SCALES 

This  same  scheme  has  also  been  applied  successfully  to  other 
classes  of  compounds.  Figure  9  represents  a  number  of  samples 
of  cellulose  plastics  plotted  on  an  ( x ,  y)-chromaticity  diagram. 
In  this  case,  the  agreement  of  all  samples  with  a  single  locus  is  not 
as  good  as  in  the  first  case.  This  is  partly  due  to  the  fact  that 
examples  of  five  different  classes  of  compounds  are  included  in  the 


Figure  9.  Chromaticities  of  Cellulose  Products 

O  Cellulose  products  samples 
•  Working  standards 


Table  VI.  Corrections  for  Spectral  Dissimilarity  between  Terpene 
Samples  and  Inorganic  Standards 


Designa¬ 

tion 

X 

y 

Grade 

Deter¬ 

mined 

from 

I.C.I. 

Data 

Grade 

Deter¬ 

mined 

from 

Photom¬ 

eter 

Reading 

AG 

0.3133 

0.3223 

0.11 

0.09 

-0.02 

20a 

0.3241 

0.3388 

0.47 

0.51 

0.04 

23a 

0.3351 

0.3569 

0.84 

0.97 

0.13 

26a 

0.3753 

0.4110 

2.18 

2.31 

0.13 

28a 

0.4241 

0.4564 

3.80 

3.94 

0.  14 

Figure  11.  Chromaticities  of  Thanite  Samples,  U.  S.  Rosin 
Standards,  and  Gardner  Standards 


O  U.  S.  rosin  standards 

f  }  Cel.  thickness,  50  mm. 


figure.  The  agreement  is  still  close  enough,  however,  to  allow 
the  same  grading  scheme  to  be  used  for  all.  Deviations  are 
considered  less  important  than  the  difficulty  in  applying  and 
interpreting  a  three-number  (or  even  a  two-number)  specification. 

Figure  10  is  a  product  locus  for  cotton  linters  plotted  from  the 
chromaticities  of  a  large  number  of  pressed  samples  from  regular 
plant  production.  About  the  same  lack  of  agreement  is  evident 
here  as  in  Figure  9. 

Standards  were  chosen  for  both  classes  of  products  by  means 
of  the  method  described  above,  and  were  made  of  combinations  of 
solutions  of  the  same  salts  as  used  for  the  terpene  standards. 

Well-known  color  scales  may  often  be  applied  without  error  to 
certain  classes  of  products.  For  example,  two  types  of  stand¬ 
ards  whose  use  is  widespread  are  the  glass  U.  S.  rosin  standards 
sponsored  by  the  United  States  Department  of  Agriculture  ( 1 ), 
and  the  Gardner  color  standards  used  rather  extensively  in  the 
varnish  industry  (4). 

The  chromaticity  plots  of  a  few  standards  of  each  of  these  two 
types  are  shown  in  Figure  11  in  order  to  demonstrate  the  possi¬ 
bility  of  applying  them  to  a  color  grading  scheme  for  commercial 
grades  of  Thanite,  a  liquid  insecticide  ingredient.  The  U.  S. 
rosin  standards  are  nearly  equally  spaced  with  respect  to  their  x- 
trichromatic  coefficients.  It  can  readily  be  seen  that  they  may 
be  used  for  grading  the  product  in  question.  The  Gardner 
standards  down  to  No.  8  also  fall  on  the  locus  of  the  product 
points,  but  their  lack  of  equal  or  even  regular  spacing  indicates 
that  they  should  be  modified  to  make  them  more  useful  in  apply¬ 
ing  or  interpreting  a  color-grading  method  based  on  them. 

For  rough  grading  these  physical  standards  may  often  be  used 
visually — e.g.,  in  a  Nessler  tube.  It  would  not,  of  course,  be 
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valid  to  use  variable  thicknesses  of  a  single  standard  in  a  Nessler 
tube  unless  it  had  been  ascertained  previously  that  Beer’s  law 
was  obeyed  by  the  mixtures  comprising  the  standards.  In  the 
case  of  Gardner  standards,  varying  the  thickness  does  not  cor¬ 
respond  to  changing  the  number.  This  is  due  to  the  fact  that  the 
standards  are  not  merely  dilutions  of  the  darkest  standard, 
but  actually  have  different  relative  compositions.  This  condi¬ 
tion  also  holds  with  the  terpene  standards  discussed  above. 

SPECIAL  CONSIDERATIONS 

Very  often,  a  product  is  encountered  in  which  the  chromaticity 
points  of  a  large  number  of  samples  have  rather  wide  dispersion — 
i.e.,  the  scattering  about  the  locus  is  large.  In  such  a  case,  it 
may  be  necessary  to  set  up  tolerances.  This  may  be  done  by 
drawing  curves  on  either  side  of  the  product  locus,  enclosing  all 
the  points  which,  from  experience,  it  is  decided  are  “on-color”. 
In  the  grading  of  such  products,  it  will  probably  be  necessary  to 
determine  both  the  x-  and  y-trichromatic  coefficients  of  the 
sample  by  means  of  two  suitable  filter  pairs.  By  reference  to  a 
curve  in  which  a  product  locus  with  its  tolerance  band  is  drawn, 
it  can  be  determined  whether  or  not  the  color  of  the  sample  in 
question  falls  outside  or  inside  the  band.  Thus,  samples  whose 
colors  fall  outside  the  band  should  be  designated  “off-color”, 
and  no  attempt  should  be  made  to  grade  them  on  the  foregoing 
basis.  However,  if  it  is  desired  to  establish  some  sort  of  grad¬ 
ing  designation  for  the  sample,  it  may,  for  example,  be  given  a 
grade  w'hich  corresponds  to  that  of  a  sample  lying  on  the  curve  of 
equivalent  x-trichromatic,  or  better  still,  equivalent  excitation 
purity,  but  with  a  notation  to  show  that  it  is  “off-color”  low  or 
“off-color”  high,  depending  on  whether  the  sample  chromaticity 
lies  below  or  above  the  tolerance  band.  Such  a  scheme  may  also 
be  used  to  designate  samples  of  low  or  high  F-value. 

If  the  sample  is  known  to  be  fluorescent,  or  if  it  is  hazy,  the 
color  specification  which  can  be  most  conveniently  applied  is  that 
w'hich  one  would  normally  make  visually  by  means  of  viewdng  the 
sample  with  the  aid  of  a  directed  beam  of  light  passing  through 
the  sample  toward  the  eye.  This  same  result  may  be  accom¬ 


plished  in  a  photoelectric  instrument  by  excluding  the  scattered 
or  fluorescent  light  from  the  receiver.  This  may  easily  be  done 
by  mounting  the  receiver  at  a  considerable  distance  from  the 
sample.  Sometimes,  however,  it  may  be  customary  to  grade 
samples  of  a  certain  product  by  viewing  them  with  more  or  less 
indirect  illumination.  Such  a  case  occurs  when  the  grader  lines 
up  a  series  of  samples  on  a  sheet  of  white  paper  near  a  window. 
It  will  often  be  found  that  samples  graded  in  this  manner  will  not 
fall  in  the  same  order  as  if  they  were  graded  by  direct  light  from 
the  window,  especially  if  the  samples  contain  varying  amounts  of 
haze.  Photoelectric  grading,  to  correspond  approximately  with 
visual  grading  by  indirect  illumination,  should  be  done  with  the 
sample  very  near  the  receiver.  If  an  integrating  sphere  is  used 
as  the  receiver,  the  sample  may  be  mounted  inside  the  sphere  for 
such  a  measurement. 
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Fluorometric  Determination  of  Aluminum  in  Steels,  Bronzes, 

and  Minerals 

ALFRED  WE1SSLER1  and  CHARLES  E.  WHITE,  University  of  Maryland,  College  Park,  Md. 


THE  absence  of  specific  sensitive  reagents  for  the  determina¬ 
tion  of  aluminum  is  a  notable  handicap  to  the  analytical 
chemist.  This  difficulty  is  reflected  in  the  laborious  procedures  re¬ 
quired  for  an  accurate  gravimetric  analysis  of  small  percentages  of 
aluminum  in  steel  ( 1 ,  6,  12)  and  in  the  fact  that  rock  analysts 
usually  calculate  alumina  by  difference  from  the  R203  precipitate 
(5). 

The  reagent  which  has  found  widest  use  is  “aluminon”,  ammo¬ 
nium  aurintricarboxylate  (4,  8,  15).  In  spite  of  interference  by 
chromium,  iron-,  beryllium,  vanadium,  titanium,  and  gallium,  it 
has  been  used  for  colorimetrically  determining  from  0.04  to  1.5% 
of  aluminum  in  steel  (2),  and  for  low'  percentages  in  nonferrous 
alloys  (10).  Ether  extraction  and  mercury  cathode  electrolysis 
were  used,  respectively,  as  separations  in  these  twTo  procedures. 

But  the  need  w'as  still  felt  for  a  method,  other  than  spectro- 
graphic  (11),  suitable  for  determining  down  to  less  than  0.01%  of 
aluminum  in  such  materials  as  steels,  bronzes,  and  minerals.  A 
quantitative  fluorescence  method  for  aluminum  in  pure  solution 
using  the  reagent  morin  (14)  was  reported  subject  to  several  inter- 

1  Present  address,  Naval  Research  Laboratory,  W  ashington,  D.  C. 


ferences,  among  them  beryllium.  However,  the  very  sensitive 
qualitative  reagent  Pontachrome  Blue  Black  R,  a  dye  which  gives 
a  red  fluorescence  writh  aluminum  (13),  suffers  from  fewer  inter- 
ferences.  A  promising  approach  was  thus  offered,  if  the  details 
could  be  w'orked  out  for  a  quantitative  determination.  The  rela¬ 
tive  interferences  in  the  fluorescence  tests  for  aluminum  by  Blue 
Black  R  and  by  quercetin,  an  isomer  of  morin,  have  already  been  j 
established  (3). 

APPARATUS  AND  REAGENTS 

Measurements  wrere  made  with  a  Lumetron  fluorescence  meter, 
model  402EF,  using  the  ‘25-ml.  cell.  The  scale  w'as  set  at  0  and 
100  by  means  of  fluorescing  standards  which  contained  known 
amounts  of  aluminum.  Corning  filter  No.  5874  was  used  to  iso¬ 
late  the  ultraviolet  energizing  radiation,  and  sheets  of  red  plas¬ 
tic  to  isolate  the  red  fluorescent  light  emitted.  The  transmission 
of  these  filters  is  shown  in  Figure  1,  as  determined  by  a  Beckman 
spectrophotometer. 

Standard  solution  of  aluminum,  1.00  ml.  =  0.0100  mg.  Dis-  ! 
solve  0.1760  gram  of  potassium  aluminum  sulfate  crystals  in  wa-  i 
ter,  and  dilute  to  1  liter.  , 

Weaker  standard  solution  of  aluminum,  1.00  ml.  =  0.00100  M 
mg.  Pipet  out  100  ml.  of  the  above  solution,  and  dilute  to  1  liter.  . 
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Ammonium  acetate  solution,  10%.  Dissolve  50  grams  of  the 
salt  in  water  and  dilute  to  500  ml. 

Pontachrome  Blue  Black  R  (Color  Index  202),  0.1%  solution. 
This  dye  is  the  sodium  or  zinc  salt  of  4-sulfo-2-hydroxy-a-naph- 
thalene-azo- /3-napht hoi.  Dissolve  0.50  gram  in  500  ml.  of  95% 
ethyl  alcohol,  and  allow  to  stand  a  few  days  before  using.  This 
dye  may  also  be  purchased  under  the  name  Superchrome  Blue 
Black  (National  Aniline  Division  of  Allied  Chemical  and  Dye 
Corporation). 

Pontachrome  Violet  SW  (Color  Index  169),  0.1%  solution. 
Dissolve  0.50  gram  in  500  ml.  of  95%  ethyl  alcohol. 

Sodium  hydroxide  solution,  10%.  Dissolve  25  grams  in  250 
ml.  of  water  in  a  large  platinum  dish,  with  the  aid  of  a  platinum 
stirring  rod.  Store  in  a  ceresin  bottle,  to  avoid  aluminum  contam¬ 
ination  from  glassware. 

Dilute  sulfuric  acid,  1  to  9.  Pipet  100  ml.  of  concentrated  acid 
into  several  hundred  milliliters  of  water  in  a  1000-ml.  volumetric 
flask,  cool,  and  dilute  to  the  mark. 

EXPERIMENTAL 

It  was  necessary  first  to  study  th§  effect  on  the  fluorescence  in¬ 
tensity  of  such  variables  as  pH,  amount  of  dye,  amount  of  alumi¬ 
num,  time  of  standing,  and  temperature. 

Effect  of  pH.  A  series  of  twenty  solutions  was  prepared  in 
50-ml.  volumetric  flasks.  To  each  flask  were  added  0.050  mg.  of 
aluminum,  5.0  ml.  of  10%  ammonium  acetate  as  a  buffer,  1.0  ml. 
of  0.1%  Blue  Black  R  dye,  and  quantities  of  acetic  acid  or  am¬ 
monium  hydroxide  sufficient  to  give  a  range  of  pH  from  2.4  to 
9.8.  The  solutions  were  diluted  to  the  mark,  shaken  vigorously, 
and  allowed  to  stand  for  2  hours  before  fluorescence  measurements 
were  taken.  The  pH  was  measured  with  the  laboratory  model 
Beckman  pH  meter.  Under  these  conditions,  the  optimum  pH 
is  about  4.8  or  4.9  (Figure  2). 

Repetition  at  the  lower  level  of  0.010  mg.  of  aluminum  gave 
similar  results,  except  that  the  peak  was  considerably  narrower. 

Concentration  of  Blue  Black  R.  A  series  of  15  solutions  of 
50-ml.  volume  was  made  up,  each  containing  0.050  mg.  of  alu¬ 
minum,  0.50  gram  of  ammonium  acetate,  0.10  ml.  of  glacial  acdtic 
acid  to  give  a  pH  close  to  the  optimum,  and  amounts  of  0.1%  dye 
solution  varying  from  none  to  5.0  ml.  The  solutions  were  al¬ 
lowed  to  stand  80  minutes  before  readings  were  taken.  It  is  evi¬ 
dent  from  Figure  3  that  maximum  intensity  is  achieved  by  the  use 
of  1.5  ml.  Solutions  containing  more  than  this  amount  showed  a 
rapid  decrease  in  fluorescence  in  those  portions  furthest  from  the 
ultraviolet  source,  indicating  a  progressive  absorption  of  the  en¬ 
ergizing  radiation. 

Time  of  Standing.  Since  it  was  known  that  the  fluorescence 
did  not  attain  its  maximum  intensity  immediately  after  mixing, 
the  change  of  intensity  with  time  was  investigated.  A  solution 
was  prepared  which  contained  0.010  mg.  of  aluminum,  0.50  gram 
of  ammonium  acetate,  1.0  ml.  of  1  to  24  sulfuric  acid,  and  1.5  ml. 
of  0.1%  Blue  Black  R  in  a  volume  of  50  ml.  The  temperature 
was  24°  C.  Measurements  were  made  over  a  period  of  1  hour, 
and  another  reading  was  taken  after  3  hours.  Figure  4  shows  that 
equilibrium  was  attained  in  less  than  an  hour.  Repetition  of  the 
experiment  at  the  higher  level  of  0.100  mg.  of  aluminum  gave  a 
similar  result. 

Temperature.  In  order  to  determine  whether  maximum  m- 


A  rapid  fluorometric  method  is  described  for  the  quantitative  deter¬ 
mination  of  from  0.001%  to  somewhat  over  1  %  of  aluminum  in 
steels,  bronzes,  and  minerals.  This  represents  a  range  of  0.0002  to 
0.025  mg.  of  aluminum  in  a  volume  of  50  ml.  The  necessity  for 
special  microtechnique  is  avoided  by  the  use  of  aliquots  of  a  macro¬ 
sample,-  the  sensitivity  is  better  than  1  part  in  100,000,000.  For 
small  percentages  of  aluminum,  this  method  surpasses  other  pro¬ 
cedures  in  speed,  sensitivity,  accuracy,  and  freedom  from  inter¬ 
ference.  The  preferred  reagent  is  the  dyestuff  Pontachrome  Blue 
Black  R,  which  is  used  at  a  pH  of  4.8  in  buffered  solution.  Excel¬ 
lent  results  may  also  be  obtained  with  Pontachrome  Violet  SW. 
Electrolysis  in  a  mercury  cathode  cell  serves  to  eliminate  interfering 
ions.  Studies  have  been  conducted  on  the  changes  in  intensity  of 
fluorescence  under  variation  of  experimental  conditions  such  as 
temperature,  time  of  standing,  pH,  dye  concentration,  and  aluminum 
concentration.  The  probable  composition  of  the  fluorescent  sub¬ 
stance  has  been  established  by  analysis,  after  amyl  alcohol  extrac¬ 
tion  from  aqueous  solution. 


tensity  could  be  obtained  in  a  shorter  time  by  heating  the  solu¬ 
tion,  a  solution  containing  0.010  mg.  of  aluminum,  0.5  gram  of  am¬ 
monium  acetate,  and  0.05  ml.  of  acetic  acid  was  diluted  to  48  ml. 
and  heated  to  70  °  C.,  and  then  1.5  ml.  of  dye  solution  were  added. 
Readings  of  fluorescence  were  taken  during  the  next  1.5  hours,  as 
the  solution  cooled  gradually  down  to  room  temperature.  The 
intensity  increases  more  slowly  than  that  of  a  solution  mixed  at 
room  temperature  (Figure  5).  Repetition  at  the  level  of  0.020 
mg.  of  aluminum  gave  a  similar  result.  The  instrument  scale  was 
reset  arbitrarily  for  each  run,  so  that  readings  are  not  necessarily 
transferable  from  one  graph  to  another. 

The  effect  of  cooling  was  studied  next.  A  50-ml.  solution  con- 


Figure  2.  Effect  of  pH  on  Fluorescence  Intensity 


Figure  3.  Effect  of  Blue  Black  R  Concen¬ 
tration  on  Fluorescence  Intensity 
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Tabic  I.  Analysis  of  Synthetic  Standard  Steels 


Al  Present 

Scale  Reading 

Al  Found 

% 

% 

0.000  Standard 

0.0 

0.050  Standard 

50.0 

0.001 

1.0  . 

o'ooi 

0.026 

24.8 

0.025 

.  26.0 

0.026 

0.051 

51.4 

0.051 

49.6 

0.050 

0.076 

78.7 

0.079 

taming  0.020  mg.  of  aluminum,  0.50 -gram  of  ammonium  acetate, 
0.05  ml.  of  acetic  acid,  and  1.5  ml.  of  Blue  Black  R  was  allowed  to 
stand  several  hours,  and  its  fluoresc  nee  was  measured  at  room  tem¬ 
perature  ,  25  °  C .  Then  it  was  cooled  in  ice ,  and  the  intensity  meas¬ 
ured  at  10  15  °,  and  20  °  C.  The  fluorescence  increased  slightly  at 

the  lower  temperatures.  The  reading  was  about  2%  greater  at 
10°  than  at  25°  C. 


Figure  4.  Time  Required  to  Attain  Full 
Intensity  of  Fluorescence 


The  experimental  conditions  thus  determined  for  maximum 
reproducibility  and  convenience  were:  1.5  ml.  of  0.1%  Blue  Black 
R  in  a  50-ml.  volume,  a  pH  about  4.8  resulting  from  0.50  gram 
of  ammonium  acetate  plus  0.05  ml.  of  sulfuric  or  acetic  acid,  mix¬ 
ing  at  room  temperature,  and  letting  stand  at  least  one  hour  be¬ 
fore  measuring. 

Concentration  of  Aluminum.  To  determine  how  nearly  the 
flourescence  intensity  is  a  linear  function  of  aluminum  concentra¬ 
tion,  a  series  of  20  solutions  was  made  up.  Each  contained  0.50 
gram  of  ammonium  acetate,  1.5  ml.  of  Blue  Black  R,  0.06  ml.  of 
acetic  acid,  and  aluminum  varying  from  0  up  to  0.100  mg.,  in  a 
volume  of  50  ml.,  and  was  let  stand  for  2  hours  before  reading.  As 
can  be  seen  from  Figure  6,  the  fluorescence  increases  in  a  fairly 
linear  manner  until  a  saturation  point  is  reached  at  about  0.050 
mg.  of  aluminum,  beyond  which  the  intensity  remains  almost  per¬ 
fectly  constant. 

The  flat  portion  of  this  curve  is  only  slightly  affected  by  the 
aluminum-dye  ratio  for  small  increases  of  dye  beyond  1.5  ml. 
The  addition  of  more  dye  causes  an  increase  in  absorption  of  both 
the  ultraviolet  and  the  emitted  light  and  gives  a  reduction  in  all 
the  readings.  The  use  of  2  ml.  of  dye  extends  the  useful  portion 
of  the  curve  to  60  micrograms,  but  greatly  reduces  the  accuracy 
of  the  lower  concentrations. 

'  The  experiment  was  repeated,  except  that  irradiation  by  higher 
energy  ultraviolet  was  used,  by  substituting  Corning  No.  9863  for 
the  usual  No.  5874  as  the  primary  filter.  The  former  transmits 
down  to  2300  A.,  while  the  latter,  which  was  used  for  all  the  other 

o 

experiments,  transmits  only  down  to  3200  A.  The  results  ob¬ 
tained  were  very  similar  to  the  previous  ones,  except  that  the 
plateau  appeared  at  a  slightly  higher  concentration,  0.060  mg. 

A  similar  set  was  prepared  which  covered  the  range  from  0  up 
to  0.020  mg.  Figure  7  shows  that  the  concentration-intensity  re¬ 
lation  is  practically  linear  up  to  0.020  mg.  This  was  repeated 
several  times;  greater  deviations  were  noticed  in  the  summer, 
when  room  temperature  was  about  33  °  C. 


To  investigate  the  lower  limit  of  sensitivity,  a  series  covering 
the  range  up  to  0.001  mg.  was  prepared.  Although  a  fairly  linear 
graph  was  obtained,  this  was  not  completely  reliable  because  of 
the  rapid  decrease  in  the  weak  fluorescence  during  the  period  of 
irradiation.  However,  it  was  easy  even  visually  to  distinguish 
among  solutions  containing  0.0004  and  0.0008  mg.  of  aluminum 
in  the  50-ml.  volume.  This  corresponds  to  a  sensitivity  of  1  part 
in  125,000,000. 

Nature  of  the  Fluorescent  Substance.  To  determine  if  pos¬ 
sible  the  formula  of  the  fluorescent  complex,  a  solution  of  5  grams 
of  Blue  Black  It  dyestuff  and  25  grams  of  potassium  aluminum  sul¬ 
fate  crystals  in  300  ml.  of  water  was  adjusted  to  pH  about  5.0,  by 
the  addition  of  solid  ammonium  acetate,  and  allowed  to  stand  a 
few  hours.  It  was  then  extracted  with  successive  100-ml.  por¬ 
tions  of  n-amyl  alcohol,  and  the  strongly  fluorescent  extracts 
were  carefully  evaporated  to  dryness.  Analysis  of  the  dried  resi¬ 
due  indicated  that  two  dye  molecules  are  combined  with 
each  aluminum  hydroxide  molecule.  Calculated  for  A10H02- 
(C2oH11N2S03Na)2:  C,  56.74%;  H,  2.74%;  Al,  3.19%.  Found: 
C,  56.64,  58.13%;  H,  4.30,  4.58%;  Al,  3.19,  3.21% 

Analysis  of  Synthetic  Standard  Steels.  A  convenient 
means  for  quantitatively  determining  very  small  amounts  of 
aluminum  in  pure  solutions  had  been  established  by  the  foregoing 
work;  it  still  remained  to  apply  the  technique  to  the  analysis  of 
actual  materials,  such  as  steel.  Therefore,  varying  percentages  of 
aluminum  were  added  to  NBS  iron  55a,  and  the  resulting  syn¬ 
thetic  standards  were  analyzed  by  Method  A,  below.  Good  re¬ 
sults  were  obtained,  as  shown  in  Table  I. 

Analysis  of  NBS  Standard  Steels.  Several  Bureau  of 
Standards  steels  were  analyzed  by  Method  A  for  acid-soluble 
aluminum  content  ,  which  is  of  greater  metallurgical  interest  than 
total  aluminum.  Table  II  shows  the  accuracy  attained  for  both 
high  and  low  percentages.  It  may  be  noted  that  the  fluorescence 
method  offers  major  advantages  in  the  analysis  for  low  percent¬ 
ages,  rather  than  high.  Acid-insoluble  alumina  in  steel  may  also 
be  determined  with  accuracy  (Table  III). 

Analysis  of  NBS  Standard  Bronzes.  Several  Bureau  of 
Standards  copper-base  alloys,  covering  a  range  of  aluminum  con¬ 
tent,  were  analyzed  by  Method  B,  below.  The  variability  of  the 
results  (Table  IV)  is  less  than  that  on  the  certificates  of  standardi¬ 
zation. 


Figure  5.  Time  Change  of  Fluorescence  after 
Heating  to  70°  C. 


Analysis  of  NBS  Standard  Minerals.  Three  Bureau  of 
Standards  minerals  were  analyzed  for  alumina  by  Method  C,  be¬ 
low.  Again,  good  accuracy  and  small  dispersion  of  results  were 
achieved  (Table  V). 

METHODS  IN  DETAIL 

Method  A,  for  Steels.  To  determine  acid-soluble  aluminum, 
dissolve  a  1.000-gram  sample  in  25.0  ml.  of  1  to  9  sulfuric  acid, 
and  dilute  to  500  ml.  without  filtration.  (If  the  aluminum  con¬ 
tent  is  over  0.10%,  use  a  0.100-gram  sample.)  Electrolyze  a  10- 
ml.  aliquot,  containing  0.020  gram  of  steel,  for  1  hour  in  a  small 
motor-stirred  Melaven  mercury  cathode  cell  (7)  at  a  current  of 
0.5  ampere  or  slightly  less.  Draw  off  the  solution  and  rinsings 
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into  a  50-ml.  volumetric. flask  which  contains  5  0  ml.  of  10%  am¬ 
monium  acetate  plus  1.50  ml.  of  0.1%  Blue  Black  R,  and  dilute  to 
the  mark.  After  at  least  1  hour,  measure  and  compare  the  fluo¬ 
rescence  intensity  of  the  solutions  and  of  pure  aluminum  standards 
prepared  similarly,  including  electrolysis,  and  containing  the 
same  amounts  of  acid,  buffer,  and  dye  as  the  unknowns.  Inas¬ 
much  as  the  calibration  curve  is  nearly  linear,  only  two  stand¬ 
ards  are  required,  except  in  most  accurate  work. 


Figure  6.  Dependence  of  Blue  Black  R  Fluorescence  on 
Aluminum  Concentration 


To  determine  the  acid-insoluble  alumina  in  steel,  filter  off 
whatever  insoluble  residue  remains  after  dissolving  a  1.000-giam 
sample  in  1  to  9  sulfuric  acid,  using  a  retentive  paper,  and  wash 
thoroughly  with  5  to  95  hydrochloric  acid  and  then  water  Ignite 
in  a  platinum  crucible  until  all  carbon  is  gone,  then  add  1  mi.  ot 
1  to  1  sulfuric  acid  and  5  ml.  of  hydrofluoric  acid.  Evaporate 
down  to  copious  fumes  of  sulfuric  acid,  allow  to  cool,  wash  down 
the  sides  of  the  crucible  with  a  few  milliliters  of  water,  and  evapo¬ 
rate  and  fume  strongly  again.  When  cool,  transfer  to  a  large  plat¬ 
inum  dish  with  50  ml.  of  water,  and  heat  until  the  salts  dissolve 
completely.  Add  10%  sodium  hydroxide  solution  until  alkaline 
to  methyl  red,  then  1  to  9  sulfuric  acid  dropwise  until  barely  acid, 
then  an  excess  of  25.0  ml.  of  1  to  9  sulfuric  acid.  Transfer  to  a 
500-ml.  volumetric  flask,  dilute  to  the  mark,  shake  well,  and  pipit 
out  a  10-ml.  aliquot  for  mercury  cathode  electrolysis.  Carry  out 
the  remainder  of  the  analysis  in  the  usual  manner. 

Method  B,  for  Bronzes.  Weigh  out  a  1. 000-gram  sample, 
for  materials  containing  0.10%  aluminum  or  less;  for  higher  per¬ 
centages,  up  to  about  1%,  use  a  0.100-gram  sample  Dissolve  in 
10  ml.  of  1  to  1  nitric  acid  in  a  250-ml.  beaker,  add  ~0  ml.  of  1  to  1 


Table  II. 

Steel 

55a 


Analysis  of  Bureau  of  Standards  Steels  for  Acid-Soluble 
Aluminum 


Certified  Value 

% 

0.001 


Found 

% 

0.001 

0.001 

0.001 

0.001 


4c 


0.022 


0.021 

0.021 

0.024 

0.022 

0.022 

0.021 

0.021 

0.022 


106a 


1.07 


1.05 
1 . 05 
1.12 
1.13 


106 


1.06  (total) 


1.09 

1.09 

1.05 

1.05 


Table  III. 

Steel 

106a 


Analysis  of  Bureau  of  Standards  Steel  for  Acid-Insoluble 
Alumina 


Certified  Value 

Found 

% 

% 

0.011 

0.011 

0.011 

0.011 

0.012 

Table  IV. 

Analysis  of  Standard  Bronzes  for 

Aluminum 

Alloy 

Certified  Value 

Found 

% 

% 

62 

1.13 

1.09 

1 . 14 

1.11 

62a 

0.92 

0.93 

0.93 

0.95 

0.96 

62b 

0.97 

0.98 

0.95 

0.95 

0.97 

63 

0.05 

0.044 

0.051 

0.052 

0.055 

124a 

0.006 

0.006 

0.008 

sulfuric  acid,  and  evaporate  down  to  copious  fumes  of  sulfuric 
acid.  Allow  to  cool,  wash  down  the  sides  with  about  15  ml.  ot 
water,  and  again  evaporate  to  strong  fumes.  (Each  evaporation 
may  be  accomplished  in  a  few  minutes  by  heating  the  beaker  over 
a  free  flame,  with  vigorous  swirling  of  the  contents.)  Cool,  dilute 
with  100  ml.  of  water,  make  just  neutral  to  methyl  red  with  10  /0 
sodium  hydroxide,  and  add  25.0  ml.  of  1  to  9  sulfuric  acid.  Dilute 
to  500  ml.,  shake  well,  and  pipet  a  10-ml.  aliquot  into  the  mercury 
cathode  cell.  After  electrolyzing  for  an  hour,  draw  off  into  a  oO- 
ml  volumetric  flask  containing  5.0  ml.  of  10%  ammonium  ace¬ 
tate  and  1.50  ml.  of  0.1%  Blue  Black  R,  and  dilute  to  the  mark 
Let  stand  at  least  1  hour,  and  then  measure  the  fluorescence  and 
compare  with  that  of  standards  prepared  similarly  and  simultane¬ 
ously. 


Method  C,  for  Minerals.  For  materials  consisting  largely 
of  silica,  such  as  glass  sand  or  silica  brick,  the  following  direct 
method  is  suitable.  Weigh  0.100  or  0.500  gram  of  sample  (de¬ 
pending  on  aluminum  content)  into  a  20-ml.  platinum  crucible, 
add  2  ml.  of  1  to  1  sulfuric  acid  and  10  ml.  of  hydrofluoric  acid, 
and  evaporate  down  to  copious  fumes.  Cool,  wash  down  the 
sides  with  10  ml.  of  water,  and  again  evaporate  to  heavy  umes. 
Add  to  100  ml.  of  water  in  a  platinum  dish,  heat  until  all  salts  dis¬ 
solve,  and  make  just  neutral  to  methyl  red  with  10%  sodium  hy¬ 
droxide.  Then  add  25.0  ml.  of  1  to  9  sulfuric  acid,  dilute  to  500 
ml.,  and  electrolyze  a  10-ml.  aliquot  in  the  Melaven  cell  for  an 


Table  V. 

Analysis  of  Standard  Minerals  for 

Alumina 

Sample 

Certified  Value 

% 

Found 

% 

81 

0.265 

0.268 

0.279 

0.287 

88 

0.067 

0.063 
0.067 
0.063 
0, 062 

102 

1.96 

1.98 

2.01 

2.03 
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hour.  Complete  the  determination  as  described  in  Methods  A 
and  B,  and  calculate  the  results  as  aluminum  oxide.  The  blank 
on  the  complete  procedure  is  very  small,  about  0.0001  mg.  of  alu¬ 
minum  oxide  on  the  10-ml.  aliquot. 


For  other  types  of  minerals,  it  is  more  convenient  to  proceed 
with  the  ordinary  scheme  of  analysis,  and  then  apply  the  fluores¬ 
cence  method  to  the  determination  of  alumina  in  the  R2O3  am¬ 
monia  precipitate.  This  may  be  illustrated  in  the  case  of  NBS 
dolomite  No.  88. 

Ignite  a  1.000-gram  sample  at  1100°  for  30  minutes,  then  boil 
with  40  ml.  of  1  to  1  hydrochloric  acid.  Filter  off  the  small  in¬ 
soluble  residue,  wash,  ignite  in  a  platinum  crucible,  treat  with  5 
drops  of  1  to  4  sulfuric  acid  and  .5  ml.  of  hydrofluoric  acid,  and 
evaporate  to  dryness.  Then  fuse  with  0.5  gram  of  potassium  py- 
rosulfate,  dissolve  the  cooled  melt  in  water,  and  add  this  solution 
to  the  original  filtrate  and  washings.  Add  about  10  grams  of  am¬ 
monium  chloride  and  precipitate  the  R203  as  usual  with  ammo¬ 
nia,  using  methyl  red  indicator.  Filter  off  the  hydroxides,  wash 
several  times,  transfer  to  a  beaker  by  a  jet  of  water,  and  dissolve 
by  the  addition  of  25.0  ml.  of  1  to  9  sulfuric  acid.  Then  dilute  the 
solution  to  500  ml.,  pipet  out  a  10-ml.  aliquot  for  electrolysis,  and 
complete  the  determination  in  the  usual  manner. 


DISCUSSION 

The  mercury  cathode  separation  was  chosen  as  most  suitable 
here  for  removing  iron,  copper,  etc.;  even  a  little  ferric  ion  de¬ 
stroys  fluorescence.  Attempts  were  made  to  extract  the  fluores¬ 
cent  complex  from  the  iron  solution  with  amyl  alcohol,  and  also 
to  use  sodium  hydroxide  or  cupferron  for  eliminating  the  iron,  but 
none  of  these  gave  as  good  results  as  the  mercury  cathode. 


Figure  8.  Interference  by  Titanium  and 
Vanadium  in  Solutions  Containing  0.010 
Mg.  of  Aluminum 


Such  interferences  as  iron,  copper,  chromium,  nickel,  and  co¬ 
balt  are  removed  quantitatively  by  mercury  cathode  electrolysis. 
It  was  of  interest  to  investigate  possible  interference  by  titanium, 
vanadium,  and  zirconium,  which  are  not  so  removed  and  which 
are  frequently  found  in  steel.  Varying  quantities  of  these  ions 
were  added  to  fluorescing  solutions  which  contained  0.010  mg.  of 
aluminum.  Titanium  was  found  to  interfere  somewhat,  and 
pentavalent  vanadium  more  seriously  (Figure  8),  but  zirconium, 


Table  VI. 

Steel 

K 


Determination  of  Aluminum 
Steels 

.  Gravimetric  Analysis 
0.066%  Al,  0.08o%  Ti 

0.051%  Al,  0.11%  V 


in  Titanium  and  Vanadium 


Aluminum  Found 

% 

0.064 
0.066 
0.064 
0 . 063 

0.053 
0 . 053 
0 . 053 
0.054 


Figure  9.  Dependence  of  Pontachrome  Violet  SW 
Fluorescence  on  Aluminum  Concentration 


not  at  all.  Nevertheless,  good  results  were  obtained  in  the  fluoro- 
metric  determination  of  aluminum  in  titanium  and  vanadium 
steels  (Table  VI),  perhaps  because  the  carbides  of  the  latter  are 
insoluble  in  dilute  sulfuric  acid. 

Pontachrome  Violet  SW  has  also  been  suggested  ( 9 )  as  a  fluo¬ 
rescence  reagent  for  aluminum;  it  gives  an  orange  fluorescence  at 
5850  to  6250  A,  compared  with  the  red  fluorescence  of  Blue  Black 
R  at  6365  to  7000  A.  In  the  Violet  SW  dye  molecule,  a  benzene 
ring  replaces  one  of  the  naphthalene  rings  in  Blue  Black  R. 

Detailed  investigations  of  the  suitability  of  Violet  SW  as  a  quan¬ 
titative  reagent  showed  that  wider  variations  in  dye  concentration 
could  be  tolerated,  that  the  dependence  of  intensity  on  aluminum 
concentration  was  almot  perfectly  linear  (Figure  9),  and  that  ac¬ 
curate  results  could  be  obtained  for  amounts  of  aluminum  as  small 
as  a  few  tenths  of  a  microgram.  However,  the  Violet  SW  fluores¬ 
cence  required  more  careful  control  of  pH,  and  was  destroyed  by 
even  smaller  traces  of  iron.  Therefore,  the  Blue  Black  R  reagent 
was  chosen  for  the  bulk  of  this  work,  although  analysis  of  NBS 
and  synthetic  standard  steels  were  completed  with  good  accuracy, 
using  Violet  SW. 
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Quantitative  Determination  of  Some  Inhibitors  in  Polymers 

by  Ultraviolet  Light  Absorption 

F.  W.  BANES  AND  L.  T.  EBY,  Standard  Oil  Development  Company,  Elizabeth,  N.  J. 


A  rapid  and  accurate  method  of  analysis  for  inhibitors  in  polymeric 
materials  employing  ultraviolet  light  absorption  has  been  developed 
which  is  especially  desirable  for  inhibitors  present  in  small  concen¬ 
trations.  Correction  for  linear  “background"  absorption  is  made 
without  need  for  direct  measurement. 

ORGANIC  polymeric  substances  are  commonly  subject  to 
attack  by  atmospheric  oXygen,  which  will  cause  changes  in 
the  physical  properties  of  the  polymers.  Inhibitors  are  usually 
incorporated  to  prevent  or  retard  polymer  degradation  caused  by 
atmospheric  and  imposed  oxidizing ‘conditions:  The  use  of  sta¬ 
bilizers  is,  therefore,  very  widespread  and  is  especially  important 
in  synthetic  rubbers. 

Inhibitor  concentration  is  an  important  factor  in  estimating 
the  potential  stability  of  a  polymer.  The  concentration  require¬ 
ments  for  stabilizing  polymers  of  different  types  will  vary  with  the 
type  of  polymer.  The  use  of  small  concentrations  of  inhibitor 
has  created  an  urgent  need  for  a  more  precise  method  of  inhibitor 
analysis.  Production  control  requires  an  easy  and  rapid  method 
of  analysis  as  well  as  accurate  results,  even  where  higher  concen¬ 
trations  of  inhibitor  are  used.  A'-Phenyl-2-naphthylamme  (com¬ 
monly  called  phenyl-(3-napht.hylamine)  has  been  used  very 
widely  in  the  stabilization  of  synthetic  elastomers  and,  therefore, 
an  effort  was  made  to  develop  the  best  analytical  method  for  this 
specific  inhibitor.  A  method  of  analysis  of  primary  aromatic 
amines  involving  titration  with  standardized  nitrous  acid  (5)  has 
been  applied  to  its  determination;  however,  when  this  method 
was  used  to  determine  the  inhibitor  present  in  a  polymer  in  small 
concentrations,  it  was  found  unreliable  in  the  absence  of  very 
careful  control  and  expert  manipulation.  Craig  (3)  estimated  the 
concentration  of  A’-phenyl-2-naphthylamine  in  rubber  by  isola¬ 
tion  of  the  hydrochloride.  An  adaptation  of  this  method  to 
Butyl  rubber  by  a  turbidimetric  measurement  of  the  amine  hydro¬ 
chloride  has  been  used  for  production  analysis  but  was  unsatis¬ 
factory  unless  very  careful  control  was  maintained.  An  oxida¬ 
tive  method  using  ceric  sulfate  has  also  been  used  with  somewhat 
more  reliable  results.  Investigation  of  rapid  physical  methods 
of  analysis  revealed  that  A-phenyl-2-naphthylamine  has  a  very 
strong  absorption  in  the  near-ultraviolet  region  (4,  6,  7)  which  is 
very  desirable  for  spectral  analysis.  Qualitative  spectrographic 
determination  of  various  rubber  ingredients,  including  A  -phenyl- 
2-naphthylamine,  has  been  described  (3).  The  use  of, spectro¬ 
photometry  now  appears  to  be  the  best  method  of  analysis  for 
N- p h e ny  1-2-n a ph t h y  1  am ine  in  polymers. 

Since  polymers  and  various  blending  ingredients  are  not  en¬ 
tirely  transparent  to  ultraviolet  light,  it  is  necessary  to  subtract 
the  “background”  absorption  (absorption  due  to  materials  other 
than  A’-phenyl-2-naphthylamine)  to  obtain  a  true  estimation  of 
inhibitor  concentration  in  the  polymer.  A  mathematical  adap¬ 
tation  of  the  method  w'hich  Wright  ( 8 )  used  in  infrared  spectros¬ 
copy  in  correcting  for  the  background  absorption,  without  actual 
measurement  of  the  background  absorption,  was  applied  to  this 
determination  with  considerable  success.  The  method  can  be 
satisfactorily  used  with  any  polymer  which  can  be  dissolved  in  a 
solvent,  or  from  which  the  inhibitor  can  be  extracted  by  a  sol¬ 
vent,  where  the  background  absorption  is  linear  through  the 
spectral  points  or  wave  lengths  at  which  the  inhibitor  exhibits  a 
maximum  and  two  adjacent  minimum  absorptions.  The  correc¬ 
tion  for  linear  background  absorption  by  optical  density  measure¬ 
ments  at  three  wave  lengths  is  outlined  below.  Although  certain 
forms  of  this  mathematical  approach  are  in  use,  to  the  authors’ 


knowledge  it  has  not  been  previously  reported.  (Derivation 
and  first  application  of  this  equation  to  polymer  analysis  was 
carried  out  in  this  laboratory  by  T.  S.  Chambers.) 

Twm  assumptions  are  made:  (1)  Beer’s  law  is  obeyed  and  (2) 
the  background  absorption  is  linear  with  wave  length  over  the 
portion  of  the  spectrum  involved.  The  former  assumption  has 
been  found  valid  for  the  concentrations  employed.  Knowledge 
of  the  system  used  in  the  analysis  will  determine  whether  the  lat¬ 
ter  is  true  or  is  a  close  approximation  which  would  introduce  but 
little  error.  Figure  1  is  a  typical  illustration  of  the  absorption  of 
a  solution  of  polymer  containing  an  inhibitor. 


Figure  1.  Typical  Absorption  of  Solution  of  Polymer 
Containing  an  Inhibitor 


K'min  ifmax  aild  Kmin  are  observed  specific  extinction  coef¬ 
ficients  of  the  ’polymer  sample  being  analyzed  for  inhibitor  con¬ 
tent.  -Ktmin,  A’Fax,  and  Arn  are  the  specific  extinction  coef¬ 
ficients  of  the  background  and  K-min,  K^,  and  A’”"  are  the 
specific  extinction  coefficients  for  the  inhibitor.  Let  x  —  trac¬ 
tion  of  inhibitor  in  polymer;  and  1  —  x  =  fraction  of  polymer  or 
background. 

Then 

ft'min  =  xK'i™n  +  (1  -  x)  K'bmin  (1) 

Am“  =  xK?°*  +(!-*)  K?™  (2) 

Kmin  =  xA?’in  +  (1  -  x)  Kr°  (3) 


The  A’s  and  AVs  are  experimentally  determined,  leaving  four 
unknowns.  The  value  of  x  can  be  determined  without  knowing 
A6’s  if  one  of  the  AYs  is  known  in  terms  of  the  others.  From 
Figure  1 : 

(i  -  i)Kr  =  (i  -  z)Arn  + 

[(1  -  x)K^  -  (1  -  x)K?r]  (4) 

x  min  \  '  min  1  v 


or 

AT*  =  (1  ~  ri)Arn  +  nK'bmin  (5) 


w'here 


^min  —  \max 
^min  —  \'min 


(6) 
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Substitute  values  of  K'b™n  and  Kf*  from  Equations  1  and  3  in 
Equation  5: 


£-max  _  (1  -  n)(Kmia  —  xKj™n)  +  n(K,mia  —  gg'™D) 

1  —  x 

Substitute  value  of  from  Equation  7  in  Equation  2: 

_  Kmax  —  (1  —  n)Kmia  —  nK'min 

2£max  —  (1  —  ft)A>in  _  ft  A,'  niin 


Since  K  = 


LC 


(7) 

(8) 


where  D  =  optical  density  =  log 


1  solvent 
1  solution 


L  =  cell  length  =  1  cm. 

C  =  concentration  of  polymer  in  solution  in  grams  per  liter 
I  solvent  =  intensity  of  light  through  pure  solvent 
I  solution  =  intensity  of  light  through  polymer  solution 


then 

%  inhibitor  in  polymer  = 

100[  Dma*  —  (1  —  n)D —  nD ,min  ] 
C[K^ax  —  (I  —  n)Kraia  —  nK\ min]  ^ 


Table  I.  Specific  Extinction  Coefficients  of  N-Phenyl-2-naphthyl- 
amine  and  Uninhibited  Polymers 


Wave 

Specific  Extinction  Coefficients,  K4\.  g.-i 

cm,  -1) 

Length, 

PBN  in 

Butyl  rubber 

PBN  in 

GR-S  in 

Perbunan 

mg 

iso-octane 

in  iso-octane 

C2H4CI2 

CblLCb 

CslLCh 

282 

49.7 

0.01-0.06 

54.0 

284 

52.0 

51.5 

0.05 

0.03 

308 

85.6 

01-0.04 

85.0 

309 

83.5 

87.0 

0.04 

0.02 

326 

13.2 

0.01 

17.0 

332 

15.0 

15.0 

0.01 

0.01 

and  their  use  permits  simplification  of  Equation  9  to  the  follow¬ 
ing  expressions: 

%  PBN  in  Butyl  rubber  = 

(Dm  -  0.6 Z)326  -  0.4D282)  ~  (10) 

%  PBN  in  Perbunan  and  GR-S  = 

1  83 

(D309  -  0.52 D332  -  0.48D284)  —  (ll) 

G 


EXPERIMENTAL 

The  choice  of  solvent  should  be  such  that  it  will  dissolve  both 
polymer  and  inhibitor  and  it  must  be  easily  obtained  in  a  pure 
state  and  preferably  show  low  and  linear  absorption  in  the  spec¬ 
tral  region  employed.  Ethylene  dichloride  and  chloroform  were 
satisfactory  solvents  for  GR-S  and  Perbunan.  These  solvents 
as  well  as  carbon  tetrachloride  and  iso-octane  were  suitable  sol¬ 
vents  for  Butyl  rubber. 

A  Beckman  quartz  prism  spectrophotometer  ( 1 )  with  a  hydro¬ 
gen  discharge  tube  serving  as  the  light  source  was  used  for  all 
optical  density  measurements.  Quartz  cells  with  a  light  path  of 
1  cm.  held  the  liquid  samples. 

Extinction  coefficients  of  the  inhibitors,  in  the  solvents  to  be 
used  for  the  analyses,  were  determined  by  optical  measurements 
at  the  wave  lengths  of  the  maximum  and  two  adjacent  minimum 
absorptions  best  suited  for  analytical  purposes.  Several  concen¬ 
trations  were  employed  and  an  average  extinction  coefficient  was 
calculated  for  the  inhibitor  at  each  of  the  three  wave  lengths. 
It  is  important  that  measurements  of  extinction  coefficients  of 
inhibitors  be  made  for  each  instrument,  since  the  exact  disper¬ 
sion,  resolving  power,  actual  slit  width,  photocell  spectral  sensi- 
tivity,  and  amount  of  reflected  and  scattered  light  of  the  instru¬ 
ment  are  factors  which  affect  the  optical  density  measurements. 

Since  only  small  samples  of  polymer  were  employed,  care  was 
exercised  to  get  truly  representative  results.  This  was  accom¬ 
plished  by  milling  and  refining  a  sample  of  rubber  from  which 
portions  were  taken  for  analyses.  Milling  was  also  beneficial  in 
destroying  gel  in  polymers  which  would  introduce  error  from  light 
reflection.  Excessive  milling  and  heating  in  contact  with  air 
were  avoided. 

An  accurately  weighed  portion  of  polymer  was  placed  in  a 
§ T? s~s ^ 0 P P e re(l  Erlenmeyer  flask  and  a  known  volume  of  solvent 
added  from  a  pipet.  Dissolution  occurred  on  standing  1  or  2 
days  with  occasional  shaking,  or  it  was  accelerated  by  stirring  or 
heating.  A  clear  sample  was  removed  from  any  settled  insoluble 
material  (centrifuging  may  be  used)  and  transferred  to  the  quartz 
cell  for  optical  density,  measurements.  A  matched  quartz  cell 
containing  a  solvent  control  was  used  as  the  reference  zero  optical 
density.  The  concentration  of  inhibitor  in  the  polymer  was  cal¬ 
culated  by  means  of  Equation  9.  Using  this  procedure,  only  a 
few  minutes  are  required  to  determine  the  inhibitor  content  of  a  • 
sample  of  dissolved  polymer. 

DISCUSSION 

The  specific  extinction  coefficients  of  .V-phenyl-2-naphthyl- 
amine  showed  slight  variation  in  numerical  value  and  spectral 
position  with  the  solvent  employed.  The  evaluation  of  the 
coefficients  used  in  calculations  in  this  paper  are  given  in  Table  I 


where  the  solvent  for  Butyl  rubber  is  iso-octane  and  that  for  Per¬ 
bunan  and  GR-S  is  ethylene  dichloride.  Solutions  containing 
about  0.01  gram  of  .V-phenyl-2-naphthylamine  per  liter  (or  about 
0.3  gram  of  Butyl  rubber  or  0.05  gram  of  Perbunan  or  GR-S  per 
.  100  ml.)  were  most  satisfactory  for  optical  density  measurements 
with  the  Beckman  instrument.  These  solutions  have  optical 
densities  in  the  range  of  0.1  to  1.0  for  the  wave  lengths  prescribed. 

The  advantage  of  the  ultraviolet  absorption  method  for  the 
determination  of  JV-phenyl-2-naphthylamine  in  Butyl  rubtfer  as 
compared  with  the  turbidimetrie  determination  by  precipitated 
hydrochloride  is  evident  from  Table  II.  An  oxidation  method 
involving  ceric  sulfate  oxidation  of  the  inhibitor  gave  results  in 
good  agreement  with  those  obtained  by  the  ultraviolet  method. 


Table  II.  Comparison  of  Methods  of  Analysis  of  Butyl  Rubber  for 
N-Phenyl-2-naphthylamine 

,  %  iV-Phenyl-2-naphthylamine  in  Polymer 


Ultraviolet  Method 

Chemical  Methods  corrected  Uncorrected 


Polymer  Composition 

Hydrochloride 

Ceric 

for  back- 

turbidimetrie 

sulfate 

ground 

ground 

Pure  Butyl  rubber 

Pure  Butyl  rubber  + 

0.00 

0.00 

0.01 

0.25%  PBN“ 

Pure  Butyl  rubber  + 

0.22 

... 

0.24 

0.26 

2.5%  zinc  stearate0 
Pure  Butyl  rubber  + 
2.5%  zinc  stearate  + 

0  00 

0.00 

0.03 

0.25%  PBN° 

Butyl  rubber  (light 

0.40 

0.23 

0.26 

colored) 

Butyl  rubber  (dark 

0.63 

0.35 

0..  35 

0.41 

colored) 

Butyl  rubber  (dark 
colored)  +  0.25% 

0.48 

0.00 

0.00 

0.09 

PRNa 

a  Added  on  mill. 

0.42 

0.25 

0.21 

0.33 

The  calculation  of  inhibitor  content  by  using  only  the  wave 
length  of  maximum  absorption  gives  values  listed  in  Table  II  as 
uncorrected  for  background.  This  calculation  represents  the 
maximum  amount  of  inhibitor  that  can  be  in  the  polymer  and  is 
made  by  Equation  12: 


Maximum  possible  %  PBN  in  polymer  = 

100  A308 

Kf% 


=  1.17 


£)308 


(12) 


The  un  corrected  value  does  not  always  agree  with  that  cor¬ 
rected  for  background  absorption  but  tends  to  be  higher  where  the 
background  absorption  is  greater. 

The  dark-colored  Butyl  rubber  sample  in  Table  II  showed  no 
inhibitor  present  by  corrected  ultraviolet  analysis,  while  the  un- 
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able 


Comparison  of  Different  Methods  of  Analysis  of  Buna- 
Type  Polymers  for  N-Phenyl-2-naphthylamine 

%  jV-Phenyl-2-naphthylamine  in  Polymer 


Ultraviolet  Method 

Chemical  method, 

Corrected 
for  back¬ 
ground 

Uncorrected 
for  back¬ 
ground 

nitrous  acid 
titration  of 
HOAc  extract 

0.00 

0.02 

0.00 

1.91 

1.99 

1.88 

1.96* 

1.80 

1.96 

1.79 

1.87 

1.98 

2.05 

1.91 

1.64 

1.69 

1.65 

1.32 

1.85 

0.00 

1.42 

2.26 

0.05 

0.51 

0.54 

0.58 

1.96 

1.99 

1.98 

0.74 

1.24 

Polymer  Composition0 

Jnstabilized  Perbunan 
’erbunan  +  1.9%  PBN  added 
on  mill  (A) 

’erbunan  (A)  milled  10  min¬ 
utes  at  20°  C. 

’erbunan  (A)  milled  10  min¬ 
utes  at  100°  C. 

’erbunan  (A)  aged  4  days,  air 
oven,  85°  C. 

’erbunan  +  2.0%  PBN  added 
on  mill  (B) 

’erbunan  commercial  product 

(C) 

’erbunan  (C)  aged  46  days, 
air  oven,  60°  C. 

’erbunan,  dark  colored  stock 
Jnstabilized  GR-S 
JR-S  +  0.5%  PBN  added  on 
mill  (A) 

3R-S  +  1.96%  PBN  added 
on  mill  (B) 

3R-S  (B)  aged  46  days,  air 
oven,  60°  C. 

a  Parenthetical  letter  refers  to  specific  polymer-inhibitor  compositions. 


Even  fresh  polymers  may,  however,  become  contaminated 
with  impurities  by  milling  or  improper  washing,  so  that  the  mag¬ 
nitude  of  the  background  absorption  is  increased,  thereby  making 
a  background  correction  necessary  if  accurate  and  reproducible 
results  are  required.  In  Table  III  data  are  presented  illustrating 
the  application  of  ultraviolet  absorption  and  Equations  11  and 
13  to  the  determination  of  tf-phenyl-2-naphthylamine  in  Buna- 
type  polymers.  In  certain  cases  the  antioxidant  was  extracted 
from  the  polymers  with  glacial  acetic  acid  and  the  extracts  ti¬ 
trated  with  nitrous  acid  to  starch-iodide  end  points.  In  these 
cases  special  precautions  were  taken  to  obtain  complete  extrac¬ 
tion  and  avoid  losses  which  generally  accompany  this  type  of 
analysis. 

Data  are  also  presented  in  Table  III  to  show  the  effect  of  nat¬ 
ural  and  imposed  oxidizing  conditions  on  the  antioxidant  contents 
of  polymers.  Ultraviolet  analyses  of  such  polymers  show  not 
only  decreased  amounts'of  antioxidant  present  in  the  aged  poly¬ 
mers  but  also  a  variation  in  the  two  methods  of  calculation 
(Equations  11  and  13)  which  can  be  accounted  for  only  by 
assuming  that  oxidation  products  of  the  inhibitor  and  polymer 
are  contributing  to  the  background  absorption. 

Inspection 


able  IV. 


Effect  of  Aging  of  Buna-Type  Polymers  on  Ultraviolet  Absorption  and  Inhibitor  Analyses 

%  iV-Phenyl-2-naphthylamine  in  Polymer 


Ultraviolet  Method 

Uncorrected 


Optical  Density 

Concn., 

for  back- 

for  back¬ 
ground 

Polymer 

Aging  Conditions 

284  mil 

309  m ii 

332  m n 

G./L. 

ground 

Perbunan 

Original 

0.447 

0.732 

0.136 

0.500 

1.64 

1.69 

50  days,  air 

0.206 

0.313 

0.076 

0.500 

0.27 

*  1.05 

GR-S 

Original 

0.485 

0.805 

0.148 

0.500 

1.81 

1 . 85 

50  days,  air 
oven,  82°  C. 

0.360 

0.333 

0.117 

0.500 

0.36 

0.77 

GR-S 

Original  solu¬ 
tion 

0. 158 

0.878 

0.545 

0.500 

1.96 

2.02 

Same  solution 

aged  10  days 
in  diffused 
sunlight  at 

room  tem¬ 
perature 

0.202 

0.716 

0.642 

0.500 

1.11 

1 . 65 

Chemical  method, 
nitrous  acid 
titration  of 
HOAc  extract 


1.82 

0.43 


corrected  analysis  indicated  that  inhibitor  was  still  present. 
Storage  stability  of  this  polymer  was  very  poor,  indicating  that, 
inhibitor  was  absent. 

From  a  large  number  of  inhibitor  determinations  on  Butyl 
rubber  containing  about  0.25%  A-phen y  1-2-naphthy lamine ,  the 
following  probable  errors  were  obtained  when  corrected  for  back¬ 
ground  absorption: 

Mean  deviation  from  theoretical  ±0.01%  PBN 

Maximum  deviation  from  theoretical  ±0.04%  PBN 

Mean  reproducibility  ±0.01%  PBN 

Maximum  deviation  from  mean  ±0.04%  PBN 

The  ultraviolet  absorption  of  GR-S  and  Perbunan  polymers 
which  contain  small  amounts  of  such  impurities  as  hydroquinone, 
soap,  fatty  acid,  persulfate,  and  mercaptan  is  very  low  as  com¬ 
pared  to  that  of  A  -phenyl-2-naphthylamine.  Since  larger 
amounts  of  antioxidant  are  used  in  the  Buna-type  polymers 
(about  2.0%)  than  in  Butyl  rubber  (about  0.25%),  the  backr 
ground  absorption  of  unaged  Buna-type  polymers  is  of  less  sig¬ 
nificance  in  determining  the  inhibitor  contents  of  the  polymers 
by  ultraviolet  absorption.  It  is  then  usually  necessary  to  meas¬ 
ure  the  absorption  of  a  polymer  solution  only  at  the  wave  length 
of  maximum  absorption  (309  m%  and  calculate  the  inhibitor  con¬ 
centration  by  Equation  13. 


of  the  absorp¬ 
tion  spectra  of  highly  oxidized 
Perbunan  and  GR-S  polymers 
reveal  that  the  characteristic 
peak  absorption  of  the  N- 
phenyl-2-naphthylamine  at  309 
m n  has  been  at  least  partially 
destroyed,  and  the  absorption 
has  become  more  linear  with 
wave  length  than  is  the  case 
for  •  the  absorption  of  the 
pure  inhibitor.  Under  such 
circumstances,  application  of 
a  background  correction  re¬ 
sults  in  much  more  ac¬ 
curate  evaluations  of  the  in¬ 
hibitor  contents  of  the  poly¬ 
mers  than  either  measurement 
of  the  optical  density  of  the 
polymer  solution  at  only  one  wave  length,  or  application  of 
analytical  procedures  which  depend  on  the  reaction  of  a 
functional  group  of  the  inhibitor.  The  nitrous  acid  titration 
procedure,  for  example,  fails  to  distinguish  oxidation  prod¬ 
ucts  of  Ar-phenyl-2-naphthylamine  from  the  pure  inhibitor  if 
amine  groups  are  present  in  the  oxidation  products  and  if 
these  groups  will  form  nitroso  derivatives.  The  work  of. 
Rehner,  Banes,  and  Robison  (7)  has  demonstrated  that  amine 
compounds  may  occur  in  oxidation  products  of  A  -phenyl-2- 
naphthylamine. 

The  changes  in  ultraviolet  absorption  and  inhibitor  content 
of  Perbunan  and  GR-S  polymers  due  to  oxidation  promoted  by 
heat  and  light  are  further  illustrated  in  Table  IV.  The  more 


Table  V.  Wave  Lengths  Applicable  for  Ultraviolet  Determination 

of  Inhibitors 


Maximum  possible  %  PBN  in  Perbunan  or  GR-S  — 


Wave  Lengths  in 

m/i  for 

Inhibitor 

Solvent 

X'min 

Analyses 

X*»' 

Xmin 

Aminox0 

Ethj-lene  dichloride 

246 

291 

355 

Agerite  Stalite0 

Ethylene  dichloride 

251 

286 

353 

Inhibitor  8567° 

Iso-octane 

246 

277 

300 

_V-Phenyl-2-naph- 

Iso-octane 

282 

308 

326 

thvlamine  _ 

.V-Phenvl-2-naph- 

Ethylene  dichloride 

284 

309 

662 

thvlamine  _  _ 

iV-Phenyl-2-naph- 

Chloroform 

284 

309 

662 

100K309 

^£309 


=  1.15 


D309 


(13) 


thy  la  mine 

o  Aminox,  Amine,  ketone  condensation  product.  Agerite  Stalite,  alkyl¬ 
ated  aromatic  artiine.  Inhibitor  8567,  phenolic  type. 
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probably  correct  analyses  are  those  obtained  where  background 
corrections  have  been  made. 

This  method  of  analysis  has  been  extended  to  other  inhibitors. 
It  is  most  reliable  where  large  values  for  maximum  extinction  co¬ 
efficients  are  encountered.  The  wave  lengths  which  were  used 
for  analyses  for  certain  of  these  inhibitors  in  polymers  are  shown 
in  Table  V. 

CONCLUSION 

A  spectrophotometric  method  of  analysis  for  inhibitors  in 
polymers  has  been  developed.  This  method  corrects  for  back¬ 
ground  absorption  and  has  been  found  to  be  rapid  and  more 
reliable  than  chemical  methods  of  analyses  which  were  investi¬ 
gated. 
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Analysis  of  Binary  Mixtures  of  Normal  Aliphatic  Dibasic 

Acids  and  Esters' 

Use  of  Composition-Melting  Point  Relations  of  the  Acids 
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An  empirical  method  is  presented  for  determining  the  melting  ranges 
of  fused  and  quenched  samples  of  dibasic  acid  mixtures.  Applica¬ 
tion  to  binary  mixtures  of  alternate  and  adjacent  acids  containing 
six  to  twelve  carbon  atoms  reveals  that  compositions  may  be  deter¬ 
mined  within  1  to  5%,  depending  on  the  composition  of  the  sample. 
Approximate  data  on  eutectic  temperatures  of  the  systems  are  in¬ 
cluded. 

MIXTURES  of  similar  dibasic  acids  often  occur  in  oxidation 
products  from  unsaturated  fatty  acids,  and  existing 
methods  for  their  separation  and  analysis  are  somewhat  unsatis¬ 
factory.  Crystallizations  yield,  with  difficulty,  only  small 
proportions  of  pure  components.  The  precision  of  saponification 
or  neutralization  equivalent  determinations  is  limited  by  the  7- 
unit  difference  in  equivalent  weights  of  adjacent  dibasic  homo¬ 
logs.  \  acuum  fractionation  of  esters  gives  perhaps  the  most 
effective  separation,  but  boiling  points  of  adjacent  esters  are  rather 
close,  and  intermediate  fractions  inevitably  remain.  Additional 
composition-property  data  are  desirable  for  corroborative  pur¬ 
poses. 

The  results  of  Gantter  and  Hell  ( 1 )  for  melting  points  of  binary 
mixtures  of  suberic  and  azelaic  acids  indicated  that  this  property 
might  prove  useful.  The  data,  though  irregular,  showed  that 
a  marked  melting  point  depression  occurred  in  the  system,  and 
hence  a  considerable  range  of  values  was  available.  The  lack  of 
further  published  information  for  similar  systems  appears  trace¬ 
able  to  the  fact  that  powdered  binary  mixtures  of  dibasic  acids  fre¬ 
quently  melt  over  wide  temperature  ranges  without  distinct 
relation  to  composition. 

An  empirical  method  has  now  been  developed  for  taking  melt¬ 
ing  points  which  provides  results  closely  related  to  composition 
and  affords  its  determination  within  a  few  per  cent.  This  method 
has  been  applied  to  the  systems  comprising  adjacent  and  alter¬ 
nate  pairs  of  acids  containing  six  to  twelve  carbon  atoms. 

PREPARATION  OF  SAMPLES 

Acids  used  are  presented  in  Table  I.  One-gram  samples  of 
mixtures  were  prepared  by  weighing  the  component  acids  to  0.2 

1  Second  article  on  this  subject  appears  on  page  541. 

2  Present  address,  F.  E.  Booth  Co.,  Emeryville,  Calif. 


mg  bringing  the  mixtures  to  complete  fusion,  stirring  them  during 
cooling,  and  powdering  the  solidified  material  in  a  mortar.  Por¬ 
tions  were  introduced  into  capillary  tubes  1.0  to  1.5  mm.  in  di¬ 
ameter  and  liquefied  by  holding  the  tubes  in  a  stirred  and  rapidly 
heated  oil  bath.  Air  bubbles,  which  frequently  developed,  were 
dislodged  by  momentarily  removing  the  tubes  and  shaking  them 
sharply  as  with  a  clinical  thermometer.  The  melted  samples 
were  quenched  by  quickly  transferring  the  capillary  tubes  to  a 
stream  of  tap  water.  Quenched  samples  were  3  to  5  mm.  in 
height.  Approximate  melting  ranges  were  observed  during  the 
iusnm  process  and  allow  rapid  temperature  adjustment  in  taking 
the  final  measurements. 


Table  I.  Dibasic  Acids  Used  for  Binary  Mixtures 


Source 

Eastman  product  as  re¬ 
ceived 

Prepared  from  castor  oil 
acids  by  oxidation  with 
nitric  acid 

Eastman  product,  recrystal¬ 
lized 

From  12-hydroxystearic  acid 
by  method  of  Hall  and 
Reid  (2) 


WT.%  OF  HIGHER  MOL.  WT.  ACID 

Figure  1.  Composition-Melting  Point  Curves  for  Binary  Mixtures 
of  Odd-Carbon  Dibasic  Acids 

Temperature  scale  to  be  shifted  as  indicated  for  individual  curves 


No.  of 
Carbon 
Atoms 

6 

7 

8 
9 


Acid 


10 


Adipic 

Pimelic 

Suberic 

Azelaic 

[Sebacic 


Capillary 
M.  P., 

°  C. 

152.0 

103.8-104.3 

141.4-141.9 

106.6-107.0 

13218-133.1 


11 

12 


1.11- Undecanedioic  110.3-110.8 

1.12- Dodecanedioic  128.7-129.0 


eptember,  1946 
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Table  II.  Melting  Ranges  of  Binary  Mixtures  of  Alternate  Dibasic  Acids 


Weight  % 
of  Higher 

Odd-Odd 

Even-Even 

height  Acid 

Cr  +  Cs 

C9  +  C11 

C6  +  Cs 

Cs  +  C10 

C10 .+  C12 

o 

103.8-104.3 

106.6-107.0 

152.0 

141.4-141.9 

132.8-133.1 

5 

101.4-103.1 

104.6-106.7 

149.4-150.8 

139.3-140.5 

131.0-132.7 

10 

99.2-101.4 

102.4-105.7 

147.1-149.5 

137.0-138.8 

129.0-131.9 

97.1-  99.6 

100.4-104.1 

144 . 3-147 . 9 

134.2-136.9 

127.0-130  9 

20 

94.5-  97.5 

98.4-102.4 

141.9-146.2 

132.0-134.9 

124.9-129.8 

25 

92.2-  94.9 

96.3-100.4 

139.5-144.3 

129.3-132.7 

122.8-128.4 

30 

89.5-  92.7 

94.1-  98.2 

136.8-142.1 

126.5-130.4 

120.6-126.6 

35 

87.0-  90.0 

91.7-  95.9 

134.0-139.8 

123.7-127.7 

117.8-123.6 

40 

84.3-  87.4 

89.4-  93.4 

131.1-137.4 

120.4-124.6 

115.0-120.1 

813-  84.1 

88.4-  90.6 

127.5-133.8 

117.5-120.6 

113.1-116.0 

81.3-  82.5 

88.5-  89.7 

122.8-129.2 

114.5-116.1 

112.0-112.7 

55 

84.9-  87.2 

90.7-92.7 

120.0-124.1 

112.8-113.7 

111.6-112.5 

60 

87.8-  90.1 

93.1-  95.1 

119.3-119.7 

113.0-114.0 

112.3-113.7 

65 

90.4-  92.6 

95.4-  97.4 

119.8-120.1 

115.3-117.2 

114.0-116.8 

70 

93.0-  94.8 

97.7-  99.3 

122.2-124.1 

118.6-121.6 

116.9-120.3 

75 

95.4-  97.0 

99.8-101.4 

124.9-128.5 

121.2-124.8 

119.2-122.9 

80 

97.9-  99.2 

102.0-103.2 

127.7-131.9 

123.8-127.4 

121.2-124.7 

85 

100.2-101.4 

104.1-105.2 

130.5-134.8 

126.0-129.5 

122.0-125.9 

90 

102.5-103.4 

106.1-107.0 

133.4-137.8 

128.5-131.2 

124.9-127.2 

95 

104.6-105.3 

108.2-108.9 

137.3-140.2 

130.6-132.3 

126.8-128.2 

100 

106.6-107.0 

110.3-110.8 

141.4-141.9 

132.8-133.1 

128.7-129.0 

rapid  heating — was  constant  within  2°  or  3° 
for  all  compositions  of  a  binary  system  that 
were  not  grossly  crystalline  after  quenching. 
The  temperatures  varied  from  system  to 
system  as  shown  in  Table  I\ .  Micro¬ 
scopical  observations  showed  that  the  phe¬ 
nomenon  actually  consisted  in  the  melting  of 
an  eutectic  mixture. 

The  occurrence  of  a  constant  eutectic  tem¬ 
perature  over  a  portion  of  the  composition 
range  apparently  places  the  binary  systems 
in  the  class  characterized  by  formation  ot 
solid  solutions  of  limited  solubility  (Rooze- 
boom’s  Type  V).  ■ 

The  differences  between  these  eutectic  tem¬ 
peratures  and  those  obtained  from  '  thaw- 
point”  (5,  6)  measurements  (in  which  the 
first  apparent  changes  are  observed  in  pow¬ 
dered  samples)  probably  result  from  the 
intentional  disturbance  of  equilibria  by 


quenching.  The  difference  between  the  eutectic  temperatures 
and  the  melting  ranges  of  the  eutectic  compositions  obtained  from 
the  graphs  (Table  IV)  may  be  partially  due  to  measurement  of 
different  stages  of  melting,  but  it  is  more  likely  that  polymorphism 
of  the  acids  is  involved.  For  example,  in  the  suberic-azelaic  sys¬ 
tem  it  was  found  that  the  melting  range  at  the  eutectic  composi¬ 
tion  was  96.7-97.7  °  C.  by  the  graphical  procedure,  but  the  eutectic 
temperature  over  a  range  of  compositions  was  91.5-92.5°  C.  by 
thaw-point  measurement  or  94—95°  C.  by  heating  fused  samples 
slowly.  Kofler  (4)  has  shown  that  suberic  acid  can  exist  in  three 
forms,  and  he  reported  that  the  transition  from  Form  I  to  Form 
III  is  enantiotropic,  occurs  at  about  90  °  C.,  and  is  very  susceptible 
to  superheating  or  supercooling.  Azelaic  acid  has  also  been  shown 
to  be  at  least  dimorphic.  Polymorphism  would  likely  be  encoun¬ 
tered  in  binary  mixtures  of  these  acids,  especially  in  connection 
with  intentional  departures  from  equilibrium  conditions.  These 
phenomena  have  not  been  studied  further. 


Figure  2.  Composition-Melting  Point  Curves  for  Binary  Mixtures 
of  Even-Carbon  Dibasic  Acids 

Temperature  scale  to  be  shifted  as  indicated  for  individual  curves 


DETERMINATION  OF  MELTING  RANGE 

Melting  ranges  were  determined  in  an  electrically  heated  (7), 
mechanically  stirred  oil  bath.  The  rate  of  heating  was  closely 
controlled  by  a  variable-voltage  transformer.  Temperatures 
were  read  on  a  76-mm.  immersion  thermometer  calibrated  in 
degrees  and  compared  with  thermometers  having  calibrations 
checked  by  the  National  Bureau  of  Standards.  Samples  were 
placed  next  to  the  bulb  of  the  thermometer  and  observed  through 
a  magnifier  while  under  transverse  illumination.  Bath  tempera¬ 
tures  were  brought  rapidly  (3°  to  5°  per  minute)  to  a  few  degrees 
below  the  expected  melting  range,  and  thereafter  increased  at 
not  over  0.2°  C.  per  minute.  The  melting  range  was  recorded 
from  the  first  appearance  of  clear  liquid  to  the  disappearance  of 
the  last  solid  particle.  Clear  liquid  first  appeared  as  a  partial 
meniscus  in  most  cases,  though  mixtures  which  were,  predomi¬ 
nantly  one-component  sometimes  began  to  melt  at  other  peripheral 
locations.  The  lower  curves  shown  in  the  graphs  for  the  indi¬ 
vidual  systems  represent  empirically  reproducible  temperatures 
for  the  first  appearance  of  clear  liquid,  and  should  not  be  confused 
with  the  solidus  curves  of  binary  systems  having  continuous 
series  of  solid  solutions. 


EUTECTIC  PHENOMENA 

A  marked  change  occurred  in  the  gross  appearance  of  the 
quenched  samples  at  temperatures  below  the  melting  points  for 
all  mixtures  in  a  wide  central  portion  of  the  composition  range. 
The  hard  waxy  surface  assumed  a  soft  matte  appearance.  The 
temperature  of  this  phenomenon — as  observed  during  the  initial 


COMPOSITION-MELTING  POINT  DATA 

Systems  investigated  comprise  four  classes:  with  (a)  alternate, 
even-carbon  acids;  ( b )  alternate,  odd-carbon  acids;  (c)  adjacent 
acids,  with  the  odd-carbon  member  of  higher  molecular  weight; 


Figure  3.  Composition-Melting  Point  Curves  for  Binary  Mixtures 
of  Adjacent  Dibasic  Acids  with  Higher  Molecular  Weight  Odd- 

Carbon  Acid 

Temperature  scale  to  be  shifted  as  indicated  for  individual  curves 
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Tabic  III.  Melting  Ranges  of  Binary  Mixtures  of  Adjacent  Dibasic  Acids 


Odd-Carbon  Acid  of  Higher  Molecular 
Weight 


C6  +  Ci 


C8  +  C9 


C10  -f-  C11 


h ven-Carbon  Acid  of  Higher  Molecular 
Weight 


Cr  +.  Cs 


C9  +  C10  C11  +  C12 


Weight  % 
of.  Higher 
Molecular 
Weight  Acid 

0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

85 

90 

95 

100 


152.0 

149.2- 150.9 

146.5- 149.8 
143.8-148.8 

141.2- 147.5 

138.5- 145.8 

135.7- 144.1 

132.5- 142.2 

129.2- 139.8 

124.8- 137.2 

120.5- 134.0 

115.6- 130.3 

110.7- 124.8 

105.6- 118.3 

100.7- 111.1 
97.1-103.3 
94.5-  96.1 
95.9-  97.0 
98.4-  99.9 

101.1-102.3 

103.8- 104.3 


141.4- 141.9 
139.0-140.8 

136.7- 139.5 

133.8- 137.8 
131.0-135.9 
128.2-133.7 

125.4- 131.0 

122.6- 128.4 

119.8- 125.5 

116.8- 122.7 

113.8- 119.7 

110.8- 116.7 

107.7- 113.0 

104.4- 108.7 

100.7- 103.3 
96.7-  97.7 
98.4-100.7 

100.1- 102.5 

102.1- 104.1 

104.2- 105.6 
106.6-107.0 


132.8- 133.1 
131.0-132.6 
129.0-131.8 

126.9- 130.8 

124.8- 129.7 

122.7- 128.4 
120.5-126.8 

118.4- 124.9 

116.3- 122.7 

113.7- 120.0 

110.9- 117.0 
108.0-113.8 

104.7- 109.9 

101.8- 105.6 
99.0-100.4 

100.2- 102.5 

101.8- 104.4 

103.5- 106.2 

105.4- 108.0 

107.6- 109.5 

110.3- 110.8 


103.8- 104.3 

100.8- 103.6 

98.2- 102.2 
95.8-100.6 
94.0-  98.2 

93.2-  93.6 

95.2- 102.3 
98.4-107.0 

102.1-111.1 

105.8- 114.8 

109.3- 118.2 

112.9- 121.3 
116.0-124.4 
119.2-127.5 

122.4- 130.2 

125.5- 132.7 

128.5- 135.1 

131.5- 137.2 
134.8-139.0 
138.1-140.5 
141.4-141.9 


106.6- 107.0 
104.3-105.9 
102.2-104.6 

100.1- 103.1 
98.2-101.3 
96.8-  98.8 
96.7-  98.2 
99.1-102.5 

102.2- 106.2 

105.2- 109.7 

108.1- 112.9 

111.1- 115.8 
114.0-118.6 

116.7- 121.2 

119.3- 123.7 

121.8- 126.0 

124.2- 128.0 

126.4- 129.8 
128.6-131.3 

130.8- 132.4 

132.8- 133.1 


110.3- 110.8 

108.3- 110.2 

106.2- 109.3 
104.0-108.0 

102.2- 106.0 

101.2- 103.6 
100.8-101.6 
103.0-105.2 

105.2- 108.5 
107.5-111.6 

109.7- 114.3 

111.8- 116.3 

114.1- 118.2 

116.1- 119.8 

118.2- 121.3 
120.0-122.8 

121.9- 124.2 
123.8-125.7 

125.7- 127.0 

127.4- 128.2 

128.7- 129.0 


The  eutectic  temperatures  fall  int 
three  groups:  (a)  below  90°  for  tw 
odd-carbon  acids;  ( b )  above  110°  ft 
two  even-carbon  acids;  and  (c)  be 
tween  90°  and  105°  for  adjacent  acid: 
The  positions  of  the  eutectics  occu 
on  the  side  of  the  lower-melting  con 
ponent,  and  tend  to  approach  a  cer 
tral  location  as  the  acids  become  mor 
nearly  alike. 

REPRODUCIBILITY  OF  THE  DATA 

Melting  ranges  determined  by 
single  observer  on  successive  sample 
usually  check  to  ±0.1-0.2°  C.,  and  ar 
frequently  within  0.1°  C.  for  the  uppe 
limit.  Three  different  observers  hav 
consistently  agreed  to  ±0.2-0. 3°  C 
for  the  lower  and  ±0. 1-0.2°  C.  for  th 


and  (d)  adjacent  acids,  with  the  even-carbon  one  higher.  The 
data  obtained  are  presented  graphically  in  Figures  1  to  4,  in 
which  the  vertical  lines  between  the  curves  represent  the  actual 
determinations.  Melting  ranges  taken  from  the  graphs  at  com¬ 
position  intervals  of  5%  by  weight  are  given  in  Tables  II  and 
III.  Approximate  eutectic  compositio.ns  and  temperatures  from 
the  graphs  are  collected  in  Table  IV. 


higher  temperature.  An  occasion  al  sam 
pie  behaved  erratically,  but  this  effect  was  readily  overcome  b; 
determinations  on  duplicate  samples.  Duplicability  of  the  value 
given  in  Tables  II  and  III  may  be  considered  as  ±0.25°  C.  o 
better  when  the  sample  size  previously  indicated  is  used,  and  th< 
rate  of  heating  through  the  melting  range  is  not 'greater  thin 
0.2°  per  minute. 


j  ^■ornPoshion-Melting  Point  Curves  for  B  inary  Mixtures 
of  Adjacent  Dibasic  Acids  with  Higher  Molecular  Weight  Even- 

Carbon  Acid 

Temperature  scale  to  be  shifted  as  indicated  for  individual  curves 


EVALUATION  OF  COMPOSITION  FROM  MELTING  RANGE  * 

The  precision  with  which  the  composition  of  a  mixture  of  knowi 
components  may  be  determined  depends  on  its  relative  positioi 
in  the  binary  system.  Reproducibility  of  ±0.25°  C.  in  the  melt 
ing  range  values  corresponds  to  less  than  2.5%  by  weight  fo: 
most  compositions,  less  than  1%  for  the  most  favorable  propor 
tions,  and  as  much  as  5%  in  the  region  of  single  components  oi 
the  flat  minima  of  the  even-even  systems. 

Distinction  may  be  readily  made  between  mixtures  of  similai 
melting  ranges  lying  on  opposite  branches  of  the  curve  in  a  knowr 
binary  system.  When  the  compdhents  of  a  mixture  are  not  defi¬ 
nitely  known,  the  possibilities  will  generally  be  limited  to  a  verj 
few  by  the  previous  history  of  the  material.  The  approximate 
eutectic  temperature  may  aid  in  classifying  the  mixture,  for  the 
two  types  of  alternate-acid  systems  are  usually  distinguishable 
from  each  other  and  from  those  comprised  of  adjacent  acids. 
Additional  evidence  obtained  from  the  refractive  index  (3)  and 
saponification  equivalent  of  the  methyl  esters  or  neutralization 
equivalent  of  the  acids  will  in  most  cases  permit  recognition  pi 
the  components  and  composition  of  the  mixture.  Corroboration 
may  be  had  by  redetermination  of  the  melting  range  after  addi¬ 
tion  of  a  significant  proportion  of  one  of  the  pure  components. 
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Eutectic  Temperatures  in  Binary  Mixtures  of  Dibasic 
Acids 


Eutectic  Temperature 

By  transition  By  graphical 

during  heating  estimation 


Weight  %  of  Higher 
Molecular-Weight  Acid  in 
Eutectic  Mixture 


made  the  microscopical  examination  of  representative  acid  mix¬ 
tures,  and  of  Juba  S.  Furlow,  who  checked  many  of  the  melting 
points  and  eutectic  temperatures. 


118-120 

119.3-119.7 

61 

105-107.5 

112.8-113.5 

57 

(1) 

(2) 

106-108.5 

111.6-112.2 

53 

78.5-80.5 

80.7-81.0 

48.5 

82-84 . 5 

88 . 0-88 . 5 

48 

(3) 

91.5-94 

94 . 3-94 . 7 

81 

94-95 

96.7-97.7 

75 

(4) 

95-98.5 

99.0-10Q.4 

70 

91-93 

93 . 2-93 . 6 

25 

(5) 

92-94 . 5 

96.1-96.8 

28 

97.5-100 

100  6-101.2 

29.5 

(6) 

(7) 
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easurements  on  purified  dimethyl  esters  of  dibasic  acids  having 
m  six  to  twelve  carbon  atoms  show  that  their  refractive  indices  bear 
ear  relations  to  change  in  temperature  and  to  weight  percentage 
the  composition  of  binary  mixtures.  A  change  of  0.0001  index 
it  corresponds  to  3  to  6%  change  in  composition  of  the  mixtures, 
is  approaching  by  a  simple  and  rapid  measurement  the  accuracy 
itainable  by  saponification  equivalent  determinations. 


pressed  by  the  following  equations,  in  which  t  represents  degrees 


Centigrade: 

Dimethyl  adipate 
Dimethyl  suberate 
Dimethyl  azelate 
Dimethyl  sebacate 
Dimethyl  1,11-undeeanedioate 
Dimethyl  1,12-dodecanedioate 


nb  =  1.4205  0.000405(<  -  40) 

nb  =  1.4262  -  0.000395(<  -  40) 
nb  =  1.4284  -  0.000396(i  -  40) 
nb  =  1.4307  -  0.00039(1  -  40) 
nb  =  1.4329  -  0.000385(<  -  40) 
nb  =  1.4345  -  0.00038(1  -  40) 


EASUREMENT  of  refractive  index  presents  a  convenient 
and  rapid  means  for  following  the  progress  of  a  fractional 
stillation,  and  extends  the  information  furnished  by  the  ob- 
-ved  distillation  temperatures.  When  careful  fractionation 
?lds  only  single  components  and  intermediate  binary  mixtures, 
close  estimate  of  composition  may  be  obtained  from  a  knowl- 
'ge  of  the  composition-index  relations  of  binary  mixtures, 
ris  procedure  is  nicely  applicable  in  the  analysis  of  dibasic 
ids.  Distillation  of  the  dimethyl  esters  is  one  of  the  most 
tisfactory  ways  of  separating  mixtures  of  the  closely  related 
ids,  and  the  approximate  compositions  of  the  individual  frac- 
)ns  can  be  readily  determined  through  refractive  index  meas- 
ements,  as  is  shown  in  this  paper.  Further  corroboration  is 
issible  by  determination  of  the  melting  ranges  (3)  of  the  re¬ 
vered  acids. 

PREPARATION  OF  METHYL  ESTERS 

All  esters  were  prepared  from  the  acids  reported  in  the  pre¬ 
ding  paper  (3)  except  the  C12  ester,  which  was  fractionally 
ystallized  from  an  original  methyl  ester  distillation  fraction, 
roperties  of  the  esters  are  presented  in  Table  I. 


Table  I.  Properties  of  Esters  Used  in  This  Investigation 


No.  of 
Carbon 
Atoms  in 

Boiling  Point  of 

Melting  Point  of  Ester,  0  C. 

Literature 

Acid 

Ester,  0  C. 

This  work 

values 

6 

71.4-  72.0  (0.2  mm.) 

... 

• . . 

8 

114.0-114.4  (4.7  mm.) 

. . . 

9 

128.0-128.7  (5.2  mm.) 

. . . 

26.4  U) 

10  • 

141.9-142.2  (6.0  mm.) 

26 

11 

123.0-124.5  (2  mm.) 

17 

20.3  (7) 

12 

30.9-31.3 

% 

31  (0) 

MEASUREMENT  OF  REFRACTIVE  INDEX 

Measurement  of  refractive  index  was  performed  with  an  Abbe- 
>rpe  refractometer  which  could  be  read  to  0.0001  index  unit, 
’emperatures  reported  for  index  readings  were  controlled  to 
=0.05°  C.  by  rapid  circulation  of  water  from  a  constant-tem- 
erature  bath  through  the  prism  jackets  of  the  refractometer. 
dl  determinations  were  made  on  esters  which  had  been  freshly 
istilled  or  stored  under  reduced  pressure  to  avoid  errors  caused 
y  dissolved  gases. 

TEMPERATURE-INDEX  RELATIONSHIPS 

Indices  were  measured  at  5°  intervals  in  the  range  from  25°  to 
'0°  C.  for  all  temperatures  at  which  the  esters  were  liquid.  The 
•xpected  straight-line  relationships  were  found,  and  are  ex- 

1  Second  article  in  series:  first  appears  on  page  538. 


The  index  values  are  in  agreement  with  those  given  by  Karvonen 
(4),  and  the  temperature  increments  are  of  the  same  magnitudes 
as  those  found  by  Mattil  and  Longenecker  (5)  for  monobasic 
methyl  esters  arid  for  synthetic  glycerides. 


Figure  1.  Refractive  Indices  of  Methyl  Esters  of  Normal 
Monobasic  and  Dibasic  Aliphatic  Acids 


A.  N • 0  of  dimethyl  esters  of  dibasic  acids,  from  Karvonen  (4) 

B .  N y  •  0  of  dimethyl  esters  of  dibasic  acids,  this  investigation 

C.  of  methyl  esters  of  monobasic  acids,  from  Mattil  and  Longenecker  (5) 

For  any  single  temperature  the  indices  of  the  homologous  esters 
are  represented  by  a  smooth  curve  as  shown  in  Figure  1.  Cor¬ 
responding  indices  for  monobasic  methyl  esters  (5)  are  included 
for  comparison,  as  are  those  of  Karvonen  for  the  dibasic  esters  at 
20°  C.  (value  for  methyl  sebacate  is  calculated  from  28°  C.  by  the 
equation  presented  above). 

COMPOSITION-INDEX  RELATIONSHIP  IN  BINARY  MIXTURES 

Several  series  of  binary  mixtures  were  prepared  which  repre¬ 
sented  various  possible  types,  and  their  refractive  indices  were 
measured  at  40°  C.  The  composition-index  relation  could  be 
represented  by  a  straight  line  in  all  cases  when  the  composition 
was  expressed  as  weight  percentages,  as  shown  in  Figure  2.  The 
relation  was  nonlinear  for  molecular  percentages.  Here  again 
the  results  are  in  accord  with  those  of  Mattil  and  Longenecker 
for  monobasic  methyl  esters. 

As  the  difference  in  indices  of  adjacent  homologous  esters 
varies  from  about  0.0030  between  C6  and  C7  (n4D° ' 0  for  dimethyl 
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Figure  2.  Refractive  indices  of  Binary  Mixtures  of  Dimethyl 
Esters  of  Dibasic  Acids  at  40°  C. 

Numbers  designate  carbon  content  of  component  acids 


pimelate  estimated  graphically  as  1.4235)  to  0.0016  between  Cn 
and  C12,  a  difference  of  0.0001  in  refractive  index  corresponds  to 
a  3  to  6%  change  in  composition  in  binary  mixtures  of  adjacent 
esters.  This  is  about  the  same  precision' obtainable  from  equiva¬ 
lent  weight  determinations  in  which  a  difference  of  0.2  unit  cor¬ 
responds  to  approximately  3%. 


INTERFERENCES 

One  possible  source  of  error  is  the  presence  of  dissolved  gases 
If  the  liquid  dimethyl  esters  are  exposed  to  the  atmosphere,  th 
refractive  index  will  drop-  several  fourth-place  units  over  a  perioi 
of  a  day  or  so.  Original  values  can  be  obtained  following  re 
distillation  or  degassing,  but  are  not  achieved  by  the  use  o 
desiccants.  This  type  of  error  can  be  avoided  readily  by  maVin 
index  determinations  promptly  after  distillations,  or  by  storin 
the  liquid  esters  at  reduced  pressures. 

Methyl  esters  of  monobasic  acids  such  as  myristic  or  palmiti 
may  be  present  in  products  from  oxidative  cleavage  (!)  of  un 
saturated  acids  from  various  sources,  although  they  woul 
normally  be  removed  by  partitions  prior  to  analysis  of  the  dibasi 
acids.  If  any  remained,  they  would  interfere  with  the  detei 
mination  of  composition  by  means  of  refractive  index.  Methj 
myristate,  for  example,  distills  (6)  in  the  temperature  rang 
between  dimethyl  sebacate  and  undecanedioate,  but  has 
refractive  index  almost  as  low  as  dimethyl  azelate  (Figure  I 
In  such  a  case  the  calculated  composition  would  indicate  to 
large  a  proportion  of  the  lower  molecular-weight  component 
However,  the  apparent  composition  derived  from  determinate 
of  the  saponification  equivalent  would  be  in  error  in  the  opposit 
direction.  Accordingly,  agreement  between  the  results  obtaine 
by  the  two  methods  would  confirm  the  absence  of  monobasi 
esters  and  enhance  the  validity  of  the  analysis. 
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Volumetric  Determination  of  Magnesium  in 
Magnesium  Carbonate  Ores 

LORING  R.  WILLIAMS 

Department  of  Chemistry,  University  of  Nevada,  Reno,  Nevada 


IN  DETERMINING  the  magnesium  content  of  carbonates, 
many  investigators  have  used  a  measured  excess  of  standard 
alkali  to  precipitate  magnesium  hydroxide  and  have  determined 
the  excess  with  a  standard  acid.  The  outstanding  difference  in 
the  methods  is  in  the  indicators  used :  Kolthoff  (3)  used  phenol- 
phthalein  and  dimethyl  yellow;  Pierce  and  Geiger  ( 5 )  used  tri¬ 
nitrobenzene  and  bromophenol  blue;  and  Willstatter  and 
Waldschmidt-Leitz  (7)  used  thymolphthalein.  Most  of  the 
methods  employed  more  than  one  indicator  and  specified  the  use 
of  carbonate-free  standard  alkali  solution.  In  many  investiga¬ 
tions  the  emphasis  seemed  to  be  on  the  saving  of  time  rather  than 
a  high  degree  of  accuracy. 

The  chief  objectives  of  this  investigation  were  (1)  to  develop  an 
accurate  routine  method  for  the  volumetric  determination  of 
magnesium  that  could  be  carried  out  in  a  reasonable  length  of 
time  and  would  not  require  carbonate-free  standard  alkali,  and 
(2)  to  find  a  single  indicator  that  could  be  used  for  all  the  neutral¬ 
izations  required  in  the  procedure. 


9 

THEORETICAL 

In  selecting  a  single  indicator  for  this  investigation  two  condi 
tions  had  to  be  satisfied:  The  iron  and  aluminum,  which  are  th 
most  common  impurities  found  in  carbonate  ores,  should  be  com 
pletely  precipitated  as  the  insoluble  hydroxides  at  the  end  point 
and  the  indicator  should  show  the  true  equivalence  point  whe: 
standard  alkali  which  contains  carbonates  is  neutralized  b; 
standard  acids. 

Blum  ( 1 )  states  that  the  precipitation  of  aluminum  hydroxid 
begins  at  pH  3  and  is  complete  at  or  before  pH  7  and  recommend 
the  use  of  methyl  red  as  the  indicator.  Since  ferric  hydroxide  i 
completely  precipitated  under  the  same  conditions,  aluminuc 
and  iron  can  be  removed  quantitatively  at  the  methyl  red  en< 
point.  There  should  be  no  postprecipitation  of  magnesiur 
hydroxide  if  the  neutralization  is  carefully  carried  out. 

At  the  methyl  orange  end  point  (pH  4)  the  absorption  of  carbo: 
dioxide  shows  no  decrease  in  the  effective  normality  of  a  stapdan 
alkali  solution  (6);  therefore,  methyl  red  (pH  4.2  to  6.3)  shout 
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Table  I.  Effect  of  Calcium 

Gravimetric 

Pyrophosphate  Method,  Proposed  Volumetric  Method 

Prepared  MgO  Prepared  MgO  Prepared  MgO  +  CaCOj 


% 

% 

% 

98.15 

98.36 

98.36 

97.93 

98.05 

98.36 

98.44 

98.36 

98 . 05 

98.67 

98.36 

98.05 

98.05 

98.05 

98.36 

98.36 

98.05 

98.36 

98.05 

98.36 

98.30 

98.20 

98.24 

;how  the  true  equivalence  point  when  0.5  A  sodium  hydroxide 
vhich  contains  carbonate  is  titrated  with  a  standard  acid. 

Manganese,  which  is  often  found  as  an  impurity  in  carbonate 
ires,  is  not  precipitated  as  manganous  hydroxide  at  the  methyl 
•ed  end  point  and  could  be  oxidized  to  insoluble  manganese  di- 
ixide  by  sodium  peroxide  in  alkaline  solution. 

Time  could  be  saved  by  decomposing  and  fuming  the  ore  with 
sulfuric  acid.  This  would  dehydrate  the  silica  and  remove  excess 
calcium  as  insoluble  calcium  sulfate. 

EXPERIMENTAL 

Using  methyl  red  as  the  indicator,  the  acid  titer  of  0.5  N  carbo- 
iate-free  sodium  hydroxide  solution  was  determined  before  and 
ifter  air  was  drawn  through  the  alkali  for  10  hours.  There  was 
lo  appreciable  change  in  the  titer,  indicating  that  methyl  red 
.vould  show  the  true  equivalence  point  when  carbonates  are  pres¬ 
ent  in  0.5  N  sodium  hydroxide  solution.  A  double  indicator 
itration  (phenolphthalein  and  methyl  red)  showed  that  0.4  mg. 
if  carbon  dioxide  had  been  absorbed  per  milliliter. 

To  determine  the  accuracy  of  the  proposed  method  the  purity 
if  some  prepared  calcium-free  magnesium  oxide  was  determined. 
The  oxide  was  prepared  by  igniting  magnesium  nitrate,  c.p., 
Baker’s  analyzed,  which  had  been  recrystallized  from  water  five 
times.  No  calcium  was  found  in  the  final  product. 

The  purity  of  the  prepared  magnesium  oxide  was  determined 
gravimetrically  by  the  conventional  pyrophosphate  method  (2) 
ind  volumetrically  by  the  proposed  procedure,  using  0.200-gram 
samples.  To  study  the  effect  of  calcium  the  volumetric  deter¬ 
minations  were  repeated,  using  mixtures  of  0.200  gram  of  prepared 
magnesium  oxide  and  0.200  gram  of  precipitated  calcium  carbo¬ 
nate  (Table  I). 

The  method  was  then  used  on  Bureau  of  Standards  samples 
1A,  88,  and  104,  and  three  limestone  samples  from  Thorn  Smith, 
Detroit,  Mich.  Since  Bureau  of  Standards  sample  104,  burned 
magnesite,  showed  a  high  magnesium  oxide  content,  a  0.100- 
gram  sample  was  used.  The  results  of  these  determinations  are 
recorded  in  Table  II. 

SPECIAL  REAGENTS 

Sodium  hydroxide  solution,  0.50  N  standardized  by  using  sul¬ 
famic  acid,  LaMotte,  as  the  primary  standard  ( 6 )  and  1%  methyl 
red  solution  as  the  indicator. 

Sulfuric  acid  solution,  0.25  A  standardized  using  0.50  N  sodium 
hydroxide  solution. 

Methyl  red  indicator  solution  ( 4 ),  1%. 


PROCEDURE 

Weigh  into  a  beaker  0.500  gram  of  the  carbonate  ore  and  cover 
it  with  water.  Slowly  add  10  ml.  of  6  A  sulfuric  acid,  boil  until 
the  ore  is  decomposed,  and  carefully  evaporate  until  all  the  sul¬ 
furic  acid  has  been  expelled.  Take  up  the  residue  in  about  25 
ml.  of  hot  water,  boil  for  2  or  3  minutes  to  ensure  complete  solu¬ 
tion  of  all  soluble  salts,  and  filter,  washing  the  residue  four  or  five 
times  with  hot  water.  This  residue  is  composed  of  acid-insoluble 
substances  such  as  silica  and  calcium  sulfate.  Dilute  the  filtrate 
to  about  100  ml.,  neutralize  with  6  N  sodium  hydroxide,  and  add 
about  0.5  gram  of  sodium  peroxide  with  stirring.  Boil  for  about 
20  minutes  or  until  the  excess  sodium  peroxide  is  removed.  (If 
manganese  is  not  present  in  the  ore,  the  peroxide  treatment  may 
be  omitted.)  Acidify  with  6  N  sulfuric  acid  and  boil  for  a  few 
minutes  to  ensure  the  complete  solution  of  all  salts.  Add  3  or  4 
drops  of  1%  methyl  red  indicator  solution  and  carefully  adjust 
the  acidity  to  the  methyl  red  end  point,  using  0.50  N  sodium 


hydroxide  and  0.25  N  sulfuric  acid.  Boil  for  a  few  minutes  and 
filter  into  a  250-ral.  volumetric  flask,  washing  the  residue  of  in¬ 
soluble  hydroxides  four  or  five  times  with  hot  water.  Just  acidify 
the  filtrate  with  0.25  N  sulfuric  acid  and  add  exactly  25  ml.  of 
0.50  N  sodium  hydroxide.  After  thorough  mixing,  cool  the  con¬ 
tents  of  the  flask  to  room  temperature,  dilute  to  exactly  250  ml., 
and  pour  into  a  large  beaker. 

After  the  precipitate  of  magnesium  hydroxide  has  settled  (20 
to  30  minutes),  decant  the  supernatant  liquid  through  a  quanti¬ 
tative  filter  into  a  250-ml.  volumetric  flask  containing  50  ml.  of 
distilled  water  until  the  total  volume  is  exactly  250  ml.  Transfer 
the  solution  to  a  large  beaker,  add  one  drop  of  methyl  red  solu¬ 
tion,  and  titrate  with  0.25  N  sulfuric  acid  to  the  end  point.  The 
titration  can  be  speeded  up  by  adding  a  drop  of  phenolphthalein 
solution  before  the  final  titration  is  made.  At  the  phenol¬ 
phthalein  end  point  the  color  change  is  from  red  to  yellow,  occur¬ 
ring  10  to  15  drops  from  the  methyl  red  end  point. 

DISCUSSION 

The  results  in  Table  I  show  that  the  volumetric  values  are  con¬ 
sistent  and  the  average  is  in  good  agreement  with  that  obtained 
for  the  pyrophosphate  gravimetric  determinations.  The  maxi¬ 
mum  difference  was  0.74%  in  the  four  pyrophosphate  determina¬ 
tions  and  0.31%  in  the  eight  volumetric  determinations.  Appre¬ 
ciable  amounts  of  calcium  had  no  effect  on  the  determinations. 

The  values  for  the  ore  determinations  also  show  good  con¬ 
sistency  and  the  averages  are  comparable  with  the  certified  mag¬ 
nesium  oxide  values. 


Tabic  II.  Determination  of  Magnesium  Oxide  in  Carbonate  Ores 


Bureau  of  Standards 

Thorn  Smith 

1A 

88 

104 

1 

2 

3 

(2.19%) 

(21.48%) 

(85.67%) 

(11.64%) 

(13.27%) 

(14.14%) 

% 

% 

% 

% 

% 

% 

1 

2.19 

21.38 

85.00 

11.75 

13.31 

14.25 

2 

2.19 

21.44 

85.62 

11.69 

13.31 

14.19 

3 

2.25 

21.38 

85.31 

11.63 

13.31 

14.25 

4 

2.25 

21.44 

85.00 

11.63 

13.37 

14.13 

5 

2.19 

21.50 

85.31 

6 

2.25 

21.38 

85.31 

7 

2.25 

21.38 

85.31 

8 

2.19 

2150 

85.62 

9 

2.25 

21.50 

85.31 

10 

2.25 

21.38 

85.31 

Av. 

2.23 

21.43 

85.31 

11.68 

13.32 

14.20 

The  differences  can  be  attributed  to  unavoidable  experimental 
error,  for  one  drop  of  0.25  N  sulfuric  acid  corresponds  to  about 
0.06%  of  magnesium  oxide  for  a  0.500-gram  sample  of  ore  and 
about  0.31%  for  a  0.100-gram  sample.  The  maximum  difference 
in  the  Bureau  of  Standards  determinations  on  the  three  ores  was 
0.29%  for  sample  104.  The  volumetric  determinations  showed  a 
maximum  difference  of  0.62%  for  the  same  ore,  but  0.100-gram 
samples  were  used  which  represented  a  difference  of  only  2  drops 
of  0.25  N  sulfuric  acid  in  obtaining  the  final  end  points. 

Methyl  red  is  the  single  indicator  that  is  used  for  all  the  neu¬ 
tralizations  throughout  the  procedure.  As  it  shows  the  true 
equivalence  point  in  the  presence  of  carbonates,  it  is  not  necessary 
to  use  carbonate-free  standard  alkali  for  the  determinations. 
Common  impurities  such  as  iron  and  aluminum  are  completely 
removed  as  the  insoluble  hydroxides  at  the  methyl  red  end  point. 

Manganese  can  be  removed  by  oxidizing  it  to  the  insoluble 
dioxide  with  sodium  peroxide  in  alkaline  solution. 

The  determination  can  be  carried  out  in  less  than  4  hours,  and 
the  time  is  shortened  if  manganese  is  not  present,  since  the  per¬ 
oxide  treatment  is  not  necessary.  If  the  precipitate  of  mag¬ 
nesium  hydroxide  is  small,  the  final  filtration  can  be  carried  out 
without  allowing  the  precipitate  to  settle,  thus  speeding  up  the 
determination.  For  samples  of  high  magnesium  content  the  same 
result  can  be  accomplished  by  using  samples  smaller  than  0.500 
gram  or  by  using  aliquots  of  the  solution  obtained  from  a  0.500- 
gram  sample;  however,  accuracy  is  sacrificed  for  speed.  Time 
is  also  saved  by  using  sulfuric  acid  to  decompose  the  ore  and  de¬ 
hydrate  the  silica. 
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SUMMARY 

The  proposed  volumetric  method  for  the  determination  of  mag¬ 
nesium  in  carbonate  ores  involves  removal  of  most  of  the  calcium 
as  the  sulfate,  precipitation  of  magnesium  hydroxide  with  excess 
standard  alkali,  and  titration  of  the  excess  with  a  standard  acid. 
When  methyl  red  is  used  as  the  indicator,  0.50  N  sodium  hydrox¬ 
ide  solution  that  is  not  carbonate-free  can  be  satisfactorily  used. 
Any  indicator  having  the  same  pH  range  as  methyl  red  could  be 
used,  but  methyl  red  was  selected  because  it  is  used  in  many 
laboratories  as  an  acid-base  indicator.  Common  impurities  such 
as  iron  and  aluminum  are  removed  as  insoluble  hydroxides  at  the 
methyl  red  end  point  and  manganese  can  be  removed  by  oxidizing 
it  to  insoluble  manganese  dioxide  with  alkali  peroxide. 

This  method  gives  results  that  are  comparable  with  those  ob¬ 


tained  with  the  conventional  gravimetric  pyrophosphate  method 
It  does  not  require  as  much  time  as  the  pyrophosphate  metho< 
and  should  be  useful  for  the  routine  analysis  of  magnesiun 
carbonate  ores. 
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Analysis  of  Oil-Soluble  Petroleum  Sulfonates 

Extraction-Adsorption  Method 

FRANCIS  BROOKS,  EDWARD  D.  PETERS,  and  LOUIS  LYKKEN 
Shell  Development  Company,  Emeryville,  Calif. 


A  relatively  simple  extraction-adsorption  method  for  the  analysis 
of  oil-soluble  petroleum  sulfonates  is  described.  The  method  is 
applicable  to  the  analysis  of  sodium  and  other  metal  sulfonates  and 
is  free  of  lengthy  operations  and  emulsion  difficulties.  Procedures 
are  included  for  the  determination  of  mineral  oil,  sulfonic  acid  soap, 
water,  carboxylic  acid  soap,  free  alkali,  and  inorganic  salts. 

PETROLEUM  sulfonic  acids  are  produced  by  the  treatment 
of  petroleum  distillates  with  sulfuric  acid  in  refining  proc¬ 
esses  or  by  the  treatment  of  petroleum  stocks  with  oleum  in  the 
manufacture  of  medicinal  white  oils.  Some  of  the  sulfonic  acids 
formed  remain  in  the  oil  layer,  and  the  others  are  found  dissolved 
in  the  acid  layer.  The  former  type  is  frequently  referred  to  as 
“mahogany”  acids,  while  the  latter  is  termed  “green”  acids. 
Following  the  sulfonation  process,  the  “acid  oil”  layer  is  separated 
from  the  sludge  containing  the  water-soluble  green  acids  and 
neutralized  with  caustic,  and  the  crude  mahogany  soaps  are 
extracted  with  dilute  alcohol. 

The  crude  mahogany  soaps  obtained  in  this  manner  consist 
principally  of  approximately  equal  quantities  of  sulfonic  acid 
soaps  and  mineral  oil,  with  minor  amounts  of  water,  carboxylic 
acid  soaps,  free  alkali,  and  inorganic  salts.  For  the  purpose  of 
evaluating  these  mixtures  it  is  desirable  to  determine  their  com¬ 
positions,  particularly  the  sodium  sulfonate  contents.  Archibald 
and  Baldeschwieler  (2)  have  described  a  procedure  of  analysis  in¬ 
volving  a  rather  tedious  extraction  of  the  mineral  oil  with 
petroleum  ether  from  a  suspension  of  the  sample  in  50%  aqueous 
isopropyl  alcohol.  This  procedure  is, very  lengthy  and  does  not 
include  a  method  for  determining  carboxylic  acid  soap  content. 
More  recently,  an  adsorption  method  for  separating  and  estimat¬ 
ing  the  constituents  has  been  described  by  Koch  ( 3 ).  This 
method  involves  separation  of  the  sulfonate  soaps  from  the 
mineral  oil  by  passing  a  petroleum  ether  solution  of  the  material 
through  a  column  of  Attapulgus  clay.  The  mineral  oil  and 
petroleum  ether  pass  through  the  clay,  and  the  solution  is  col¬ 
lected,  the  petroleum  ether  evaporated,  and  the  mineral  oil 
weighed.  The  sulfonate  soap  is  eluted  from  the  clay  with 
methanol  and  the  weight  obtained  by  evaporating  the  methanol 
from  the  resulting  solution.  This  is  very  rapid  but  is  not  satis¬ 
factory  when  applied  to  materials  containing  appreciable  quanti¬ 
ties  of  water  or  inorganic  salts.  Experience  in  this  laboratory  has 


shown  that  the  elution  of  the  sulfonate  soaps  with  methanol  is  ii 
complete,  leading  to  low  values  for  this  component. 

During  1944  an  extensive  program  of  cooperative  testing  c 
methods  for  the  analysis  ol  petroleum  sulfonates  wTas  conducte 
by  the  A.S.T.M.,  as  a  result  of  which,  a  method  has  been  prc 
posed  ( 1 )  which  covers  the  determination  of  mineral  oil,  sodiui 
sulfonate,  carboxylate  soap,  inorganic  salt,  and  free  alkali  cor 
tents,  combining  weight  and  specific  gravity.  The  method  ii 
volves  multiple  extractions  of  an  aqueous  isopropyl  alcohol  su: 
pension  of  the  sample  with  petroleum  ether.  The  mineral  o 
passes  into  the  petroleum  ether  phase  and  is  thus  isolated.  Tfc 
alcohol  phase  is  then  subjected  to  a  number  of  rather  length 
manipulations  to  separate  the  sodium  sulfonates  and  carboxylatr 
from  the  remaining  constituents.  Although  the  method  yielc 
fairly  accurate  and  precise  data,  the  manipulations  involved  ai 
both  tedious  and  time-consuming;  a  complete  analysis  requirt 
about  4  days. 

In  view  of  the  recognized  shortcomings  of  the  A.S.T.M.  an 
Archibald-Baldeschwieler  methods  with  regard  to  time  consumj 
tion,  and  Koch’s  adsorption  method  with  regard  to  inapplic; 
bility  in  the  presence  of  inorganic  salts  and  water  as  well  as  ii 
complete  recovery  of  the  adsorbed  sulfonates,  an  attempt  h£ 
been  made  by  the  authors  to  devise  a  method  of  analysis  which 
free  of  these  objections. 

This  paper  presents  a  new  method  in  which  the  sulfonic  acid 
carboxylic  acids,  and  mineral  oil  are  separated  from  the  inorgan; 
salts  by  extracting  an  acidified  aqueous  suspension  of  the  samp, 
with  chloroform.  The  inorganic  salt  content  is  calculated  froi 
the  sul  fated  residue  obtained  from  the  aqueous  phase,  makin 
correction  for  the  alkali  residue  contributed  by  the  sulfonati 
carboxylate,  and  free  alkali.  A  portion  of  the  residue  obtaine 
from  the  chloroform  extract  is  titrated  potentiometrically  fc 
strong  and  wreak  acids  to  determine  the  respective  equivalents  < 
sulfonic  and  carboxylic  acids  present.  Another  portion  of  tt 
chloroform-soluble  residue  is  neutralized  and  the  mineral  o 
isolated  by  adsorbing  the  sulfonates  and  carboxylates  on  Atti 
pulgus  clay.  A  schematic  diagram  of  this  method  of  analysis 
shown  in  Figure  1. 

APPARATUS  AND  MATERIALS 

The  percolation  apparatus  of  Koch  has  been  modified  somi 
what  to  permit  the  use  of  pressure  and  subsequently  a  more  rapi 
rate  of  flow  through  the  adsorbent. 
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The  modified  percolator  is  shown  in  Figure  2.  It  was  found 
that  a  pressure  of  351  to  703  kg.  per  square  meter  (0.5  to  1  pound 
oer  square  inch)  forced  the  liquid  through  sufficiently  rapidly. 
The  adsorbent  used  was  the  same  as  that  recommended  by  Koch 
(30-  to  60-mesh  Attapulgus  clay  which  has  been  calcined  at 
187°  C.,  obtained  from  the  Attapulgus  Clay  Company,  260 
South  Broad  St.,  Philadelphia,  Pa.). 

Inverted-rim  beakers  of  the  type  described  by  the  A.S.T.M.  ( 1 ) 
were  used  for  evaporations  where  there  was  danger  of  loss  due  to 
:‘creeping”  over  the  sides. 

The  chloroform  and  petroleum  ethpr  used  were  of  c.p.  quality. 

A  Precision-Shell  (4)  titrometer  was  used  for  the  electrometric 
titration  of  strong  and  weak  acids. 

PROCEDURE 

Separation  of  Organic  and  Inorganic  Constituents. 
Introduce  approximately  10  grams  of  sample  weighed  to  the 
nearest  centigram  into  a  100-ml.  beaker,  add  25  ml.  of  chloroform, 
and  stir  to  dissolve  or  disperse  the  sample. 

Transfer  quantitatively  to  a  250-ml.  separatory  funnel,  rinsing 
the  beaker  and  stirring  rod  with  an  additional  25  ml.  of  chloro¬ 
form.  Rinse  the  sampling  beaker  with  50  ml.  of  6  A  hydrochloric 
acid  and  add  this  solution  to  the  separatory  funnel.  Shake  the 
separatory  funnel  and  contents  vigorously,  venting  frequently. 
Rinse  the  sampling  beaker  with  50  ml.  of  acetone  and  add  this 
to  the  separatory  funnel.  Mix  intimately  once  more  and  allow 
the  two  phases  to  separate.  Draw  the  chloroform  extract 
(lower  phase)  into  a  weighed,  inverted-rim  beaker.  Extract  the 
aqueous  phase  three  more  times  with  25-ml.  portions  of  chloro- 
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Figure  1.  Schematic  Diagram  of  Analysis  of  Petroleum  Sulfonate  Mixtures 


form  and  combine  the 
chloroform  extracts  in  the 
inverted-rim  beaker. 

Evaporate  the  combined 
chloroform  extracts  to  dry¬ 
ness  on  a  steam  bath,  heat¬ 
ing  for  15  minutes  after  the 
disappearance  of  the  odor  of 
chloroform.  Cool  to  room 
temperature  and  weigh  the 
beaker  and  contents. 

Determination  of  Free 
Salts.  Draw  the  aqueous 
layer  obtained  above  into  a 
weighed,  ignited  platinum 
dish  and  evaporate  to  dry¬ 
ness  on  a  steam  bath.  Add 
approximately  2  ml.  of  36  N 
sulfuric  acid  and  rotate  the 
dish  in  such  a  manner  as  to 
moisten  all  the  residue  with 
the  acid.  Heat  carefully  (to 
prevent  spitting)  over  a 
small  flame  until  fuming 
ceases.  Repeat  this  treat¬ 
ment  with  1  ml.  of  sulfuric 
acid.  When  fuming  ceases, 
heat  in  a  muffle  furnace  at 
800°  ±  50°  C.  to  constant 
weight. 

Determination  of  Sulfonate  and  Car- 
boxylate  Soaps.  Determine  the  number  of 
equivalents  of  strong  and  weak  acids  present 
in  100  grams  of  the  chloroform  extract  by  elec¬ 
trometric  titration  (A.S.T.M.  D664-44T)  of 
an  accurately  weighed  1-  to  2-gram  sample. 
Also  analyze  this  residue  for  water  content  by 
the  Karl  Fischer  method.  (Place  20  ml.  of 
anhydrous  pyridine  and  10  ml.  of  anhydrous 
ethyl  ether  in  a  100-ml.  glass-stoppered 
volumetric  flask  and  titrate  to  the  red-brown 
Fischer  end  point.  Weigh  0.5  to  1  gram  of 
sample  in  a  glass  weighing  boat,  slide  the  boat 
into  the  flask,  and  swirl  until  the  sample  is 
completely  dissolved.  Titrate  the  solution 
with  Fischer  reagent  to  the  original  red-brown 
end  point.  For  the  preparation  and  stand¬ 
ardization  of  the  Fischer  reagent,  see  A.S.T.M. 
procedure  D268-44T,  issued  under  the  jurisdic¬ 
tion  of  Committee  D-l.) 

Determination  of  Mineral  Oil.  Weigh 
approximately  2  grams  of  the  chloroform  ex¬ 
tract  to  the  nearest  milligram  into  a  100-ml. 
beaker.  Add  sufficient  0.5  N  alcoholic  sodium 
hydroxide  solution  to  neutralize  completely  the 
strong  and  weak  acids  present  (this  volume  is 
readily  calculated  from  the  data  obtained  by 
titration  above),  then  add  0.1  ml.  in  excess. 
Evaporate  the  alcohol  on  a  steam  bath.  Add 
25  ml.  of  petroleum  ether  and  stir  to  dissolve 
the  sample  completely.  Transfer  this  solution 
quantitatively  to  the  250-ml.  reservoir  of  the 
percolation  apparatus  (Figure  2),  rinsing  the 
beaker  and  stirring  rod  with  an  additional  25 
ml.  of  petroleum  ether.  Apply  a  pressure  of 
0.5  to  1  pound  per  square  inch  at  the  top  of 
the  percolator  and  force  the  solution  through 
the  40-cm.  column  of  adsorbent  clay.  Force 
an  additional  150  ml.  of  petroleum  ether  through 
the  column  in  similar  fashion.  Collect  the 
solution  which  passes  through  the  clay  in  a 
weighed,  inverted-rim  beaker  and  evaporate 
to  dryness  on  a  steam  bath,  heating  for  15 
minutes  after  disappearance  of  the  odor  of 
petroleum  ether.  Heat  for  15-minute  inter¬ 
vals  at  110°  C.  until  the  weight  loss  between 
successive  heatings  is  less  than  1  mg. 

Determination  of  Water.  Determine  the 
water  content  of  the  original  sample  by 
A.S.T.M.  Method  D95-40  or,  if  the  free  alkali 
content  is  low,  by  the  Karl  Fischer  method. 


546 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  18,  No.  9 


a 


OOOOOOiflN 


LONOOh’tOO 
©CO  O'-! 


o.2^ 
•  —  o 

§&5 

-P  ®  c 
XT3  - 

H  «s 


QONOO'.OOO 


OJM 

OCO  05  — • 


«/> 

"D 

O 


2 


CO 

< 

“O 


o 


c 

o 

”u 

<0 

X 

LU 

>» 

-D 

V) 

O 

>.  « 


C 

o 

(A 

*  U 
<0 
a 
E 
o 
u 


02  § 


C  C 
|.2-§ 

o  0-5 

£  o  £ 

-S42  £ 
x  © 


•  4) 
®  £ 
< 


c  £ 

O  .2  © 

V3’-+p  o 
© 

cj  t-  -*p 

u  O  « 
■P  7J>^ 
X  ©,< 

HC 


02  § 


C  C 

o.2  © 

P^fO 
O  0,JS 
53  s-  -*p 

£  o  v 

-P»  CD  k— < 

x©^; 


JD 

to 


p 


o 


N^^OMiflOO 

MNNOiOClOO 
LOCO  0  05 

T-.  T}- 


OOOOOCO^- 


COOCO©LOC\J— 'CO 
LO  CO  ON 

—  r*< 


<N  N-  LO  CO  00  ^  05 


OOOON'tOO 
CO  LO  05  © 

LO 


t'-  03  03  CO  oo  LO  00 


OO*-<ONc0C5CI 
CO  LO  05*0 

LO 


OQ  05  O  CO  CO  O  00 


N-  05  —  O  t'-  CO  ©  CO 
CO  05  Tf 

lO 


OQ  ©  *0  CO  00  00 

OO-iONcOOO 
CO  LO  05  © 

© 


-rH(NC^rHCO© 


©  ©  ©  ©  ©  ^  ©  <N 
CO  ©  05  t* h 

© 


©  OQ  00  OQ  »-h  ©  -^ 


©©©©©»— O--* 
CO  ©  o  © 

i-i  © 


00  CO  N-  03  —  Tf  o 


©  ©  ©  ©  ©  1-H  —  — • 

CO  ©  oco 

rH  © 


-I*  ©  ©  03  i-t  ©  05 

©^hO©hC5h 
CO  ©  05  N- 

© 


C  —I  CO  ©  o  CO*'- 


co©o©-^r^©o 

T  ■<*  ©n- 

— 


©  ©  ©  ©  ©  o  © 


|N©i-©’1'NCN. 

rj<  ©  r>. 

>-1 


©  ©  (N  ©  ©  ©  b- 

CO©-hO^NO-h 
"T  tT  © 

--  ^ 


OXrpQCOON 

C'3©>-<©-’f©03T* 
^  ^3*  05  b- 

•<* 


©©oo©o©-^ 

oq  ©  O  ©  Tf-  t^  O  b. 
^  ^  ©00 
r-.  ^ 


>£ 

C)N  CJ 

-  rt  « 
.£  —  © 


6?  ti 


fcD 


e-g  g  g  s 
^ 

°  M  ^P^.2)^.3  a 

"3  g  £  g  ,-S  o 

O  3  3  3  ai  M-3-2  — 

.£-3-3-0  c3  O-g  g  m 
^000>Cr° 

«scca!aiPt 


bii 


Determination  of  Free 
Alkali.  Weigh  approxi¬ 
mately  10  grams  of  the 
original  sample  into  a  250- 
ml.  Erlenmeyer  flask,  add 
50  ml.  of  ethyl  alcohol  and 
50  ml.  of  benzene,  and  swirl 
until  dissolved.  Add  6  or 
7  drops  of  thymolphthalein 
indicator  solution  and  ti¬ 
trate  with  standard  0.5  TV 
sulfuric  .acid  solution  until 
the  color  matches  that  of 
a  standard  prepared  in  the 
same  manner  except  for  the 
addition  of  indicator.  This 
is  essentially  the  method 
recommended  by  the 
A.S.T.M.  (T). 

Determination  of 
Specific  Gravity.  Fill  the 
pycnometer  (25-ml.  Weld- 
type  pycnometer  fitted  with 
a  special  stopper  having  a 
4-  to  5-mm.  diameter  bore) 
with  the  original  sample, 
warming  to  70°  or  80°  C. 
until  all  air  bubbles  have 
risen  to  the  top.  Cool  to 
15°  to  20°  C.,  adding  more 
sample  if  necessary,  so  that 
the  pycnometer  remains 
full.  Insert  the  stopper, 
pressing  slowly  into  place 
with  a  turning  motion.  If 
the  sample  is  too  viscous  to 
permit  insertion  of  the 
stopper,  carefully  warm  the 
neck  of  the  pycnometer  and 
the  stopper  with  a  small 
Bunsen  burner.  Place  the 
pycnometer,  with  the  cap 
in  place,  in  a  bath  at  25  °  ± 
0.1°  C.  After  25  minutes, 
remove  the  pycnometer, 
cool  to  15°  to  20°  C.,  and 
remove  any  excess  sample 
by  wiping  with  a  cloth  mois¬ 
tened  with  a  benzene- 
alcohol  mixture.  Replace 
the  cap  and  weigh  to  the 
nearest  milligram.  Record 
the  sample  weight. 

Calculation.  Calculate 
the  quantities  of  various 
components  present  in  the 
sample  by  means  of  the 
following  equations : 


Mineral  oil  content,  per 

cent  =  mmm 

( C)(W) 


Inorganic  salt  content, 
per  cent  = 

(100)  (B)  -  (71)(A)(E  +  e) 
W 

_  (^xs) 

40 


(The  value  71  is  the  com¬ 
bining  weight  of  sodium 
sulfate.) 


Sodium  sulfonate  con¬ 
tent,  per  cent  = 

(A)  (100  +  22 E) 


W 


-  X  - 


^  [Y  +  (312)  (e)] 


(The  numerical  value  312  is  the  assumed  average  combining 
weight  of  the  carboxylic  acids.  The  value  22  converts  from  the 
strong  acid  to  the  sodium  salt.) 


Carboxylate  soap  content,  per  cent  = 


(A)(e)(334) 


W 


(The  value  334  is  the  assumed  average  combining  weight  of  the 
carboxylate  soaps.) 


(F)(W) 

Combining  weight  of  sodium  sulfonate  =  I 


Free  alkali  content,  as  sodium  hydroxide,  per  cent  = 


(F)(TV)(4.0; 


Wi 


Specific  gravity  25°/25°  C.  =  ^ 
where 

A  =  weight  of  chloroform-soluble  organic  residue,  grams 
C  =  weight  of  organic  residue  used  for  mineral  oil  determina 
tion 

D  =  weight  of  mineral  oil  found 
W  =  weight  of  original  sample  taken  for  analysis 
B  =  weight  of  sulfate  ash  obtained  from  aqueous  residue 
E  =  strong  acids,  equivalents  per  100  grams  of  organic  residui 
e  =  weak  acids,  equivalents  per  100  grams  of  organic  residu< 
G  =  free  alkali  content,  per  cent 
X  =  mineral  oil  content  of  sample,  per  cent 

Y  =  water  content  of  organic  residue,  per  cent 
F  =  sodium  sulfonate  content,  per  cent 

V  =  milliliters  of  sulfuric  acid  required  to  neutralize  frei 

alkali 

N  =  normality  of  sulfuric  acid 
Wi  =  weight  of  sample  used  in  free  alkali  determination 
W,  =  weight  of  sample  contained  in  pycnometer  at  25°  C. 

Wc  =  weight  of  water  contained  in  pycnometer  in  calibratin; 


RESULTS 

In  Table  I  are  shown  the  results  of  analyses  of  several  crud 
petroleum  sulfonate  samples  from  various  sources  by  both  th 
extraction-adsorption  and  A.S.T.M.  methods;  the  two  method 
yield  very  similar  data.  In  general,  the  extraction-adsorptios 
method  giyes  slightly  higher  values  for  carboxylate  soap  conten 
than  the  A.S.T.M.  method.  Both  procedures  determine  thi 
component  by  titrating  the  free  carboxylic  acid  and  calculate  th 
carboxylate  content  on  the  basis  of  an  assumed  (by  convention 
combining  weight  of  334  for  the  soap.  However,  the  titratio; 
carried  out  in  the  extraction-adsorption  method  is  considerabl; 
more  direct  and  hence  is  believed  the  more  valid. 

In  Table  II  are  shown  the  results  obtained  wheD  the  describe 
method  was  applied  to  a  synthetic  petroleum  sulfonate  blend  o 
known  composition  (sample  furnished  by  Stanco,  Inc.,  Elizabeth 
N.  J.).  The  data  obtained  compare  favorably  with  the  theo 
retical  composition  of  the  material.  The  values  for  sulfonat 
content  are  slightly  lower  than  the  known  content,  and  th 
values  for  carboxylate  content  are  high.  However,  the  sum  o 
carboxylate  and  sulfonate  contents  in  both  analyses  compare 
favorably  with  the  known  sum  of  these  two  quantities.  Thi 
indicates  that  for  this  particular  sample  the  assumed  combinin 
weight  of  the  carboxylate  soap  (334)  is  too  high. 

DISCUSSION 

The  method  described  differs  fundamentally  from  other  extrac 
tion  methods  in  that  the  sulfonates  are  converted  to  sulfonic  acid 
prior  to  extraction  with  a  solvent.  This  is  generally  an  advan 
tage,  because  sulfonates  of  metals  other  than  sodium  may  thus  als 
be  analyzed.  Such  metallic  sulfonates  do  not  alter  the  chlorc 
form  extraction  of  the  free  acids  but  undoubtedly  influence  th 
results  of  any  method  which  involves  a  direct  extraction  of  th 
soaps,  in  that  the  distribution  ratios  between  the  solvents  ma, 
vary  considerably.  Satisfactory  results  have  been  obtained  b; 
the  extraction-adsorption  method  when  applied  to  the  analysis  c 
barium  and  calcium  sulfonates. 
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Table  II.  Analysis  of  Synthetic  Sulfonate  Sample"  by  the 
Extraction-Adsorption  Method 


Constituent 

Data  Obtained 

Run  1  Run  2  Av. 

Known 

Composition 

Mineral  oil,  % 

50.1 

50.1 

50. 1 

49.6 

Sodium  sulfonate,  % 

39.5 

39.1 

39.3 

40.6 

Sodium  carboxylate,  % 

4.3 

4.3 

4.3 

3.0 

Sum  of  sulfonate  and  carboxylate, 

% 

Sodium  hvdroxide,  % 

(43.8) 

(43.4) 

(43.6) 

(43.6) 

0.0 

0.0 

0.0 

0.0 

Water,  % 

3.9 

3.9 

3.9 

3.6 

Inorganic  salts,  % 

3.3 

3.2 

3.2 

3.1 

Total  analysis,  % 

101.0 

100.6 

100.8 

99.9 

Combining  weight  of  sodium 

465 

456 

461 

sulfonate 

a  Sample  furnished  by  Stanco,  Inc.,  Elizabeth,  N. 

J. 

Considerable  difficulty  with  emulsion  formation  has  resulted 
when  other  extraction  methods  have  been  used  in  analyzing 
petroleum  sulfonate  mixtures.  The  function  of  the  acetone  in 
the  method  described  is  to  break  the  emulsion  which  forms  be¬ 
tween  the  chloroform  and  dilute  acid  layers.  Isopropyl  alcohol 
was  tried  first  as  a  demulsifying  agent  and  although  it  broke  the 
emulsions  quickly,  the  results  were  erroneous,  owing  to  formation 
of  sulfonic  acid  esters  with  the  alcohol.  For  this  reason  a  de¬ 
mulsifier  was  sought  which  was  unreactive  toward  the  free  sul¬ 
fonic  acid  and  at  the  same  time  sufficiently  volatile  to  be  readily 
evaporated  on  a  steam  bath.  Acetone  fits  these  requirements 
very  well;  it  has  proved  very  satisfactory  and  in  all  instances 
thus  far  has  resulted  in  instant  and  complete  separation  of  the 
aqueous  and  chloroform  phases. 

By  employing  the  chloroform  extraction  procedure,  an  analysis 
may  be  completed  in  2  days’  elapsed  time.  This  is  considerably 
less  than  the  4  days  required  in  this  laboratory  for  an  analysis  by 
the  A.S.T.M.  method,  and  there  are  fewer  manipulations  (weigh¬ 
ings,  extractions,  etc.)  than  in  the  A.S.T.M.  method,  so  the 
handling  time  per  determination  is  appreciably  less.  In  control 
analyses,  where  the  combining  weight  of  the  sodium  sulfonate  is 
known  from  previous  experience,  the  method  may  be  further 


shortened  by  eliminating  the  adsorption  step,  calculating  the 
sulfonate  content  directly  from  the  strong  acid  titration  of  the 
chloroform-soluble  residue,  and  obtaining  the  mineral  oil  content 
by  difference.  This  is  a  distinct  advantage  over  other  extraction 
methods,  which  permit  no  such  short-cut  modifications. 

The  method  described  is  inapplicable,  without  sacrificing 
accuracy,  to  the  analysis  of  materials  containing  volatile  oils. 
The  composition  of  samples  of  this  type  can  be  approximated  by 
application  of  the  procedure  described,  elution  of  the  sulfonates 
from  the  Attapulgus  clay  with  methanol  to  recover  the  adsorbed 
sulfonates  and  carboxylates,  and  evaporation  of  the  methanol  to 
obtain  the  weight  of  sulfonate  and  carboxylate.  The  mineral 
oil  content  is  then  determined  by  difference.  Generally  this  pro¬ 
cedure  leads  to  sulfonate  values  low  by  0.5  to  2%,  and  mineral  oil 
values  high  by  a  corresponding  amount,  owing  to  incomplete 
recovery  of  sulfonate  from  the  clay. 

Although  chloroform  extraction  can  be  applied  to  green  acid 
soaps  as  well  as  mahogany  acid  soaps,  the  chloroform  extract 
from  green  acid  soaps  is  insoluble  in  petroleum  ether  and  hence 
the  sulfonates  and  carboxylates  cannot  be  separated  from  mineral 
oil  by  the  adsorption  procedure  described.  For  this  reason  at¬ 
tempts  to  apply  the  method  to  green  acid  sulfonates  have  been 
unsuccessful. 
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Composition  of  Cellulose  Esters 

Use  of  Equations  and  Nomographs 

CHARLES  R.  FORDYCE,  LEO  B.  GENUNG,  and  MARY  ALICE  PILE,  Eastman  Kodak  Company,  Rochester,  N.  Y. 


The  composition  of  cellulose  esters  in  terms  of  the  number  of  ester 
groups  per  anhydroglucose  unit  may  be  determined  readily  from 
analytical  data  by  calculations  or  by  reading  from  nomographs. 
Equations  and  nomographs  are  given  for  cellulose  acetates,  propio¬ 
nates,  butyrates,  acetate  propionates,  and  acetate  butyrates.  By 
either  method  the  per  cent  acetyl  and  per  cent  propionyl  or  butyryl 
in  any  of  these  cellulose  esters  can  be  easily  converted  to  the  num¬ 
ber  of  acetyl,  propionyl,  or  butyryl,  and  hydroxyl  groups  per  an¬ 
hydroglucose  unit  or  vice  versa. 


presented  here  for  the  cases  of  cellulose  acetates,  acetate  pro¬ 
pionates,  and  acetate  butyrates. 

Nomographs  have  been  constructed  by  means  of  which  this 
conversion  from  per  cent  acyl  to  number  of  groups  per  anhydro¬ 
glucose  unit  of  cellulose  can  be  made  very  rapidly  for  the  cases  of 
cellulose  acetates,  propionates,  butyrates,  acetate  propionates, 
and  acetate  butyrates. 

EQUATIONS 


METHODS  for  the  analysis  of  cellulose  esters,  such  as  those 
reported  from  this  laboratory,  give  results  in  terms  of  per 
cent  ‘‘apparent  acetyl”  {2,  6),  per  cent  acetyl,  propionyl,  or  bu¬ 
tyryl  (7),  and  per  cent  hydroxyl  (5).  From  the  viewpoint  of 
structural  organic  chemistry,  however,  it  is  desirable  to  express 
the  composition  of  these  esters  in  terms  of  the  numbers  of  sub¬ 
stituent  groups  per  anhydroglucose  unit.  This  information  is 
required  for  certain  calculations,  such  as  that  of  unit  molecular 
weight.  Some  equations  for  this  purpose  have  been  published  by 
Gloor  (3),  by  Malm,  Genung,  and  Williams  (5),  and  in  a  Navy 
specification  (8).  Simpler  equations  have  been  derived  and  are 


The  equations  given  below  are  based  on  the  general  formula 
for  the  anhydroglucose  unit  of  a  cellulose  ester,  such  as  an  acetate 
propionate. 


(C6H705 


/— (OCCH3)N„ 
-(OCC2H6)Np 


H(3-Na-Np) 


The  following  terminology  is  used: 

a  —  weight  per  cent  of  acetyl 
p  =  weight  per  cent  of  propionyl 
b  =  weight  per  cent  of  butyryl 
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h  =  weight  per  cent  of  hydroxyl 
A„  =  number  of  acetyl  groups  per  anhydroglucose  unit 
Np  =  number  of  propionyl  groups  per  anhydroglucose  unit 
AT  =  number  of  butyryl  groups  per  anhydroglucose  unit 
Nb  =  number  of  hydroxyl  groups  per  anhydroglucose  unit 


a  =  44.8  -  1.426 

which  were  derived  from  Equations  5  and  3. 

Case  of  Cellulose  Acetate  Propionate.  Equations  for 
weight  per  cent  acetyl  and  propionyl  are  as  follows: 


and  the  unit  molecular  weight  of  a  cellulose  acetate  propionate  is 
M.W.  =  159  +  43  Aa  +  57 Np  +3  -  A„  -  A, 

=  162  +  42AT  +  56A?  .  (1) 


These  calculations  assume  only  three  replaceable  hydroxyls  per 
anhydroglucose  unit.  This  assumption  is  valid  for  most  ordinary 
cellulose  esters.  It  is  not  strictly  true  in  cases  of  very  degraded 
and  low- viscosity  celluloses  and  their  derivatives  because  the 
number  of  'hydroxyl  groups  on  the  ends  of  the  chains  may  be 
significant. 

Case  of  Cellulose  Acetate.  Weight  per  cent  acetyl,  which 
may  be  found  by  analysis,  is  100  times  the  weight  of  an  acetyl 
group,  43,  times  the  number  of  such  groups,  and  divided  by  the 
unit  molecular  weight : 


4300AT 
162  +  42  AT 


(2) 


Solving  Equation  2  for  A„  gives 

3.86a 

Ao  -  102.4  -  a 


(3) 


4300AT 

a  ~  162  +  42A„  +  56Ar„ 

(8) 

5700Ap 

P  162  +  42Aa  +  56  Ap 

19) 

Solving  Equations  8  and  9  simultaneously  gives: 

,T  •  3.86a 

A‘  “  102.4  -  1.006p  -  a 

(10) 

2.91p 

p  102.4  —  1.006p  —  a 

(11) 

AT  =  3  —  AT  —  Arp  by  assumption 

(12) 

,  1700 AT 

162  +  42AT  +  56  Ap 

(13) 

The  corresponding  equations  for  cellulose  propionates  would 
obviously  be  Equation  9,  omitting  the  term  42Aa  in  the  denom¬ 
inator,  Equation  11  omitting  the  a  term,  and  Equations  12  and 
13  omitting  the  A0  terms. 

Case  of  Cellulose  Acetate  Butyrate.  The  equations  for 
weight  per  cent  acetyl  and  butyryl  are : 

Nh  =  3  —  Na  by  assumption  (4) 

1700(3  -  A„)  1700 Nh 

h  162  +  42A„  288  -  42 Ah,  1 

Weight  per  cent  acetyl  and  weight  per  cent  hydroxyl  can  be 
converted  readily  one  to  the  other  using  the  equations: 


4300A„ 

(14) 

162  +  42 A„  +  70  AT 

7100Afc 

(15) 

162  +  42 Aa  +  70AT 

Solving  Equations  14  and  15  simultaneously  gives: 


44.8  -  a 
1.42 


(6) 


A„ 


_ 3.86a _ 

102.4  -  1.0096  -  a 


(16) 


Figure  2.  Nomograph  for  Converting  Per  Cent  Acetyl  and  Per 
Cent  Butyryl  in  Cellulose  Acetate  Butyrate  to  Number  of  Acetyl 
ana  Butyryl  Groups  per  Glucose  Unit  of  Cellulose 
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Nb  = 


2.336 


102.4  -  1.0006  -  a 
Nh  =  3  —  Na  —  Nb  by  assumption 
1700.Va 


h  = 


162  42 Na  70 A  b 


(17) 

(18) 
(19) 


The  corresponding  equations  for  cellulose  butyrates  would  be 
Equations  15,  17,  18,  and  19,  omitting  the  a  and  Na  terms,  since 
both  are  zero  in  this  case. 

Derivation  of  Equations  for  Cellulose  Acetate  Pro¬ 
pionates.  The  derivation  of  Equations  10  and  11  Irom  Equa¬ 
tions  8  and  9  is  shown  below  to  illustrate  the  method  used  to 
obtain  the  equations  for  the  numbers  of  ester  groups. 


a  = 


P  = 


4300Ar„ 


162  -I-  42iV«  +  56 Ap 

.  5700 Ap 

162  -|-  42 Na  +  56 Np 


(8) 

(9) 


Equation  9  is  solved  for  Na  and  is  then  substituted  in  Equation 
8  and  solved  to  obtain  the  following  expression  for  Np: 


Np  = 


162 


5700  42  X  5700a 


4300p 


56 


Nv  5700 


162 


55.7  a 


(20) 


(21) 


-  56 


The  numerator  and  denominator  of  Equation  21  are  divided  by 
the  smallest  factor,  55.7,  and  are  multiplied  by  p  to  give 


Np  -  - 2-91P - 

p  102.4  -  1.006p  -  a 


The  equation  for  Na  derived  in  the  same  way  is 

162 


Na  = 


4300  _  56  X  4300 p 
a  5700 a 


(ID 


(22) 


42 


Tabic  I.  Data  for  Construction  of  Nomograph 


Na 

1 

2 

3 

0 

0 

0 

1 

2 


NP 

0 

0 

0 

1 

2 

3 

2 


%  Acetyl 

%  Propionyl 

21.1 

0 

35.0 

0 

44.8 

0 

0 

26.1 

0 

41.6 

0 

51.8 

13.6 

36.1 

28.5 

18.9 

Na 


3.86a 

102.4  -  1.006p  -  a 


(10) 


NOMOGRAPHS 


Nomographs  for  converting  per  cent  actyl  to  the  number  of 
groups  per  anhydroglucose  unit  have  been  prepared  (Figures  1  and 
2).  By  this  means  per  cent  acetyl  and  per  cent  propionyl  or 
butyryl  in  cellulose  acetates,  propionates,  butyrates,  acetate 
propionates,  and  acetate  butyrates  can  be  easily  converted  to  the 
number  of  acetyl,  propionyl,  or  butyryl,  and  hydroxyl  groups  per 
anhydroglucose  unit. 

To  use  these  nomographs  lay  a  ruler  across  the  per  cent  acetyl 
value  on  the  left  scale  and  per  cent  propionyl  or  butyryl  value  on 
the  right  scale  and  read  the  number  of  acetyl,  propionyl,  or  bu¬ 
tyryl,  and  hydroxyl  groups  from  the  intersections 'with  the  corre¬ 
sponding  scales  of  the  nomograph. 

Nomographs  suitable  for  this  purpose  can  be  constructed  by 
methods  such  as  those  of  Davis  ( 1 )  or  Van  Voorhis  (9),  or  by  the 
graphical  method  described  below.  Figure  3,  which  applies  to 
cellulose  acetates,  propionates,  and  acetate  propionates,  demon¬ 
strates  the  method  of  construction  used. 


Lines  were  drawn  from  0%  propionyl  to  the  points  on  the 
acetyl  scale  corresponding  to  A.  =  1,  2,  and  3  and  from  0% 
acetyl  to  the  points  on  the  propionyl  scale  corresponding  to  N,  = 
1,2,  and  3.  The  data  used  are  shown  in  Table  I.  The  line  show¬ 
ing ’the  number  of  hydroxyl  groups  was  then  drawn  from  the 
intersection  of  the  lines  Na  =  3  and  Np  =  3,  through  Na  =  2 
and  Np  =  2,  then  Na  -  1  and  Np  =  1  to  the  base  line. 

The  two  lines  located  by  substituting  Na  =  1  and  Np  =  2  and 
also  Na  =  2  and  Np  =  1  in  Equations  8  and  9  were  drawn  next. 

The  line  showing  the  number  of  acetyl  groups  was  established 
by  drawing  a  line  from  the  left  origin  through  A,  the  intersection 
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of  lines  JV0  =  1  and  (Np  =  2  and  Na  =  1),  and  B,  the  intersec¬ 
tion  of  lines  Na  =  2  aod  ( Np  =  1  and  Nm  —  2),  to  the  line  where 
Na  =  3.  The  line  for  the  number  of  propionyl  groups  was 
drawn  in  the  same  way  through  points  C  and  D. 

The  scales  for  the  number  of  acetyl  groups  and  hydroxyl 
groups  were  further  subdivided  by  calculations  using  Equation  2 
or  by  plotting  the  number  of  acetyl  groups  against  per  cent 
acetyl,  and  reading  from  this  graph  the  acetyl  values  correspond¬ 
ing  to  the  desired  values  of  Na.  A  straightedge  was  placed 
across  these  acetyl  values  and  0%  propionyl,  and  the  points  of 
intersections  of  the  acetyl  and  hydroxyl  scales  were  marked. 
The  scale  for  the  number  of  propionyl  groups  was  subdivided  in 
the  same  way  by  using  data  from  a  corresponding  graph,  or  by 
substituting  values  of  A>  in  an  equation  for  per  cent  propionyl 
corresponding  to  Equation  2. 

Triangular  Charts.  Malm,  Fordyce,  and  Tanner  (4)  have 
correlated  physical  properties  such  as  solubilities,  melting  points, 
specific  gravities,  and  moisture  absorption  of  these  cellulose 
esters  with  their  acyl  contents  by  means  of  triangular  diagrams. 
These  properties  can  also  be  correlated  with  composition  in 
terms  of  numbers  of  acetyl  and  propionyl  or  butyryl  groups  per 
anhydroglucose  unit  by  means  of  Figures  4  and  5. 
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Determination  of  Cyclopentadiene  and  Dicyclopentadiene 

KARL  UHRIG,  ELEANOR  LYNCH1,  AND  HARRY  C.  BECKER,  Beacon  Research  Laboratory,  The  Texas  Company,  Beacon,  N.  Y. 


Cyclopentadiene  in  a  C,  fraction  is  determined  by  condensation 
with  benzaldehyde  to  highly  colored  phenylfulvene,  the  intensity 
of  the  color  of  which  is  a  measure  of  the  cyclopentadiene  present. 
None  of  the  materials  normally  associated  with  it  in  hydrocarbon 
samples  interferes.  Oxidation  inhibitors  must  be  absent.  Since 
cyclopentadiene  dimerizes  rapidly  even  at  ordinary  temperatures, 
the  average  G  fraction  will  contain  both  monomer  and  dimer.  The 
latter  represents  available  cyclopentadiene  because  it  can  easily  be 
depolymerized,  and  the  method  described  for  its  determination  is  a 
valuable  supplement  to  the  method  for  determining  the  monomer. 
The  dimer  is  determined  by  controlled  depolymerization  to  the 
monomer,  which  is  determined  colorimetrically  as  above.  Cyclo¬ 
pentadiene  originally  present  as  such  is  determined  separately. 

AMONG  the  dienes  which  have  assumed  importance  during 
recent  years,  cyclopentadiene  is  one  of  the  most  interesting. 
In  addition  to  a  system  of  conjugated  double  bonds,  it  contains  an 
active  methylene  group  which  enables  it  to  undergo  reactions 
that  make  it  of  interest  in  the  synthetic  field.  For  a  thorough  re¬ 
view  of  the  chemistry  and  utilization  of  cyclopentadiene,  a  paper 
by  Wilson  and  Wells  ( 5 )  is  recommended. 

One  of  the  factors  which  makes  cyclopentadiene  such  a  difficult 
compound  to  work  with  is  its  instability.  It  can,  like  the  other 
conjugated  dienes,  be  polymerized  to  rubberlike  materials  with 
the  aid  of  catalyst,  but  it  also  dimerizes  spontaneously  even  at 
room  temperature  to  form  dicyclopentadiene.  The  rate  of  di¬ 
merization  increases  with  temperature.  However,  if  the  tem- 

1  Present  address,  Biochemical  Laboratories,  Mary  Imogene  Bassett 
Hospital,  Cooperstown,  N.  Y. 


perature  is  raised  to  about  the  boiling  point  of  dicyclopentadiene 
(170°  C.),  the  reaction  is  reversed  and  the  dimer  reconverts  to 
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the  monomer.  This  means  that  to  know  the  amount  of  cyclo¬ 
pentadiene  originally  present  in  the  sample,  it  is  necessary  to 
determine  both  the  monomer  and  the  dimer.  Methods  for  de¬ 
termining  cyclopentadiene  are  virtually  nonexistent.  Those 
which  are  mentioned  in  the  literature  are  not  specific  for  cyclo¬ 
pentadiene  and  are  applicable  only  if  no  other  dienes  are  present. 

A  recent  paper  by  Sefton  (2)  describes  a  method  for  determin¬ 
ing  cyclopentadiene  by  means  of  its  heat  of  reaction  with  maleic 
anhydride.  The  author  states  that  his  method  is  not  specific  for 
cyclopentadiene,  but  he  expects  little  interference,  since  other 
dienes  of  the  same  boiling  range  react  much  more  slowly. 

Since  cyclopentadiene  is  a  conjugated  diolefin,  it  has  a  very 
strong  ultraviolet  absorption  spectrum.  Pickett,  Poddock,  and 
Sackter  ( 1 )  have  made  a  careful  study  of  this  spectrum,  but  have 
not  used  it  for  the  determination  of  this  compound.  Since  cyclo¬ 
pentadiene  has  a  characteristic  ultraviolet  absorption  spectrum, 
it  could  be  determined  rather  accurately  by  ultraviolet  spectrom¬ 
etry  if  not  too  many  interfering  materials  such  as  aromatics 
and  conjugated  diolefins  were  present.  Infrared  spectrometry 
could  likewise  be  used  satisfactorily. 
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A  colorimetric  method  which  is  specific  for  cyclopentadiene  has 
>een  developed  in  this  laboratory.  It  is  based  upon  the  observa- 
ion  by  Thiele  (3)  that  cyclopentadiene  will  condense  with  alde- 
lydes  and  ketones  to  form  highly  colored  fulvenes.  Ward  (4) 
las  utilized  this  reaction  with  acetone  for  the  determination  of 
:yclopentadiene,  but  the  method  is  not  entirely  satisfactory  be- 
;ause  of  the  instability  of  the  dimethylfulvene.  The  present 
nethod,  in  which  benzaldehyde  is  used  to  form  the  fulvene,  is  a 
nodification  and  extension  of  the  procedure  used  by  Ward.  It 
;an  be  applied  to  the  determination  of  cyclopentadiene  in  C6  frac- 
;ions  which  contain  no  inhibitor.  None  of  the  compounds  nor- 
nally  associated  with  it  causes  any  interference. 

PREPARATION  OF  PURE  CYCLOPENTADIENE 

In  conducting  this  investigation  it  was  necessary  to  have  avail¬ 
able  pure  cyclopentadiene.  It  can  be  conveniently  prepared  by 
lepolymerizing  pure  dicyclopentadiene,  but  it  cannot  be  stored 
because  of  its  tendency  to  dimerize.  Therefore,  it  must  be 
Freshly  prepared  each  time  and  used  immediately. 

A  technical  grade  of  dicyclopentadiene  (Eastman  Kodak  Com¬ 
pany)  was  vacuum-distilled  from  a  Claisen  flask,  and  the  fraction 
boiling  at  82  °  C.  at  50  mm.  of  mercury  pressure  was  sufficiently 
pure  without  further  treatment.  As  the  distillate  consisted 
largely  of  the  endo  form  of  dicyclopentadiene  (melting  point 
32°  C.),  water  at  32-33°  C.  was  circulated  through  the  condenser 
to  prevent  its  plugging  with  crystals.  The  distilled  dicyclopen¬ 
tadiene  was  stored  in  a  brown  bottle  under  nitrogen.  It  re¬ 
mained  sufficiently  pure  for  about  a  month  but  had  to  be  redis¬ 
tilled  after  that  period  of  time. 

The  dicyclopentadiene  purified  in  this  manner  was  then  de- 
polymerized  by  cracking  in  a  still  equipped  with  a  60-cm.  (24- 
inch)  tube  packed  with  short  lengths  of  glass  rod  which  served  as  a 
rough  fractionating  column.  It  was  provided  with  an  air  jacket 
to  prevent  excess  heat  loss.  Before  the  distillation  was  started, 
the  entire  system  was  flushed  with  nitrogen  introduced  through 
a  side  arm  in  the  flask.  The  flow  of  nitrogen  was  then  stopped 
and  the  flask  heated  to  the  boiling  point  of  dicyclopentadiene 
(about  170°  C.)  where  depolymerization  began.  The  rate  of 
heating  was  so  adjusted  that  the  overhead  vapor  temperature 
was  40-41  °  C.,  and  the  distillate  was  caught  in  a  receiver  cooled 
with  dry  ice.  A  higher  vapor  temperature  would  indicate  that 
the  rate  of  heating  was  so  high  that  dicyclopentadiene  was  being 
carried  over.  The  heating  was  discontinued  before  the  flask 
became  dry  to  avoid  any  possible  explosion  from  peroxides. 

Occasionally  the  distillate  was  cloudy  because  of  traces  of 
moisture  or  high  polymers  which  accumulated  in  the  condenser, 
but  it  could  be  easily  clarified  by  passing  it  through  filter  paper. 
This  cyclopentadiene  was  sufficiently  pure  for  use  without  any 
further  treatment.  The  purity  was  found  to  be  99.1%  by  reac¬ 
tion  with  maleic  anhydride  and  100.5%  by  hydrogenation. 


Figure  1 .  Calibration  Curves  for  Various  Filters 
Maximum  transmission,  A.  1.  4075.  2.  4250.  3.  5000 


Table  1.  Colors  and  Characteristics  of  Fulvenes  Formed  from 
Cyclopentadiene  and  Various  Aldehydes  and  Ketones 

Compound 

Color  and  Characteristics 

Acetone 

Benzophenone 

Acetophenone 

Cyclopentanone 

Salicylaldehyde 

Anisaldehyde 

Citronellal 

Vanillin 

Benzaldehyde 

Yellow  color  becoming  darker 

Unstable,  dark  red  color,  slow  reaction 
Unstable,  light  red  color 

Dark  emulsion 

Green  emulsion 

Yellow  color  turning  red 

Yellow  color  becoming  darker 

Yellow  precipitate 

Stable  yellow  to  red  color 

Table  II. 

Stability  of  Color  of  Phenylfulvene 

Elapsed  time,  min. 
Optical  density 

0  15  30  60  120 

0.372  0.366  0.366  0.372  0.366 

SELECTION  OF  REAGENT  FOR  DETERMINING  CYCLOPENTADIENE 

It  is  always  desirable,  of  course,  to  have  a  method  which  is 
specific  for  the  determination  of  a  particular  compound,  and  the 
Thiele  fulvene  reaction  as  used  by  Ward  (4)  appeared  to  be  good 
in  this  respect.  However,  the  dimethylfulvene  formed  by  the 
reaction  of  cyclopentadiene  with  acetone  was  unstable  and  its 
color  changed  rapidly.  Therefore,  a  number  of  other  aldehydes 
and  ketones  were  tested  in  regard  to  suitability  of  the  color  and 
stability  of  the  fulvene.  As  the  results  in  Table  I  indicate, 
phenylfulvene,  the  condensation  product  of  cyclopentadiene 
and  benzaldehyde,  was  the  most  promising.  Its  yellow-to- 
orange  color  is  well  suited  to  colorimetric  work,  and  its  stability, 
as  indicated  in  Table  II,  is  good.  The  absorption  curve  of  phen¬ 
ylfulvene,  as  determined  on  a  Beckman  quartz  spectrophotom¬ 
eter,  shows  an  absorption  peak  of  3475  A. 

A  photoelectric  colorimeter,  the  Fisher  electrophotometer,  was 
used  in  developing  the  colorimetric  method.  To  increase  the 
selectivity  or  sensitivity,  filters  were  used  to  isolate  a  certain  re¬ 
gion  of  the  spectrum  for  measuring  the  optical  density  of  the 
phenylfulvene  solutions.  Filters  with  maximum  transmission 
regions  below  4000  A.  could  not  be  used  with  the  electrophotom¬ 
eter  because  they  transmitted  too  small  an  amount  of  energy  to 
which  the  photocells  were  sensitive.  As  the  wave  length  of  the 
fight  transmitted  by  the  filter  increased,  the  sensitivity  decreased, 
but  there  was  a  corresponding  increase  in  the  permissible  con¬ 
centration  of  cyclopentadiene.  This  is  illustrated  in  Figure  1  by 
the  calibration  curves  shown  for  three  filters.  As  a  compromise 
between  sensitivity  and  a  more  extended  range  of  concentration, 
the  No.  2  filter  was  used.  It  will  permit  the  determination  of  as 
much  as  5  mg.  of  cyclopentadiene  in  the  aliquot. 

STUDIES  ON  THE  DEPOLYMERIZATION  OF  DICYCLOPENTADIENE 

Since  cyclopentadiene  is  known  to  dimerize  readily,  some¬ 
times  spontaneously,  the  average  sample,  though  originally  a  C» 
cut,  will  contain  some  dicyclopentadiene.  For  all  practical  pur¬ 
poses  this  represents  available  cyclopentadiene  because  of  the 
ease  with  which  it  can  be  depolymerized  to  the  monomer.  It  was 
apparent,  therefore,  that  it  would  be  necessary  to  have  a  method 
for  determining  dicyclopentadiene.  Numerous  chemical  and 
physical  methods  were  investigated  for  this  purpose,  but  none 
was  satisfactory.  .  The  depolymerization  of  dicyclopentadiene 
to  cyclopentadiene  was,  therefore,  investigated  as  a  possible 
means  for  determining  the  dimer.  This  procedure  would  be  satis¬ 
factory  if  the  depolymerization  could  be  made  quantitatively, 
because  the  colorimetric  method  for  cyclopentadiene  had  proved 
to  be  accurate.  An  investigation  of  the  depolymerization  reac¬ 
tion  was  carried  out  in  an  attempt  to  find  conditions  under  which 
it  could  be  made  quantitative. 

The  depolymerization  step  is,  of  course,  employed  in  the  prepa¬ 
ration  of  pure  cyclopentadiene,  but  there  no  attempt  is  made  to 
carry  out  the  reaction  in  a  quantitative  manner.  .  However,  from 
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the  experience  gained  in  this  work,  it  was  possible  to  predict  some 
of  the  conditions  which  would  have  to  be  fulfilled:  (1)  The  de¬ 
polymerization  must  be  carried  out  rapidly  enough  so  that  the 
cyclopentadiene  is  removed  from  the  heated  portion  of  the  reac¬ 
tion  chamber  before  it  has  a  chance  to  redimerize  at  the  elevated 
temperature.  (2)  The  rate  of  heating  must  be  slow  enough  so 
that  no  dicyclopentadiene  distills  without  depolymerization. 
(3)  Some  material  which  has  a  boiling  point  a  few  degrees  above 
the  depolymerization  temperature  of  dicyclopentadiene  must  be 
used  as  a  chaser  to  sweep  all  the  cyclopentadiene  completely 
into  the  cold  portion  of  the  apparatus.  (4)  Some  high-boiling 
material  to  serve  as  bottoms  should  be  used  to  minimize  the 
danger  of  explosion  if  any  peroxides  are  present. 

A  compromise  was  necessary  if  the  first  two  of  these  conditions 
were  to  be  satisfied ;  so  various  temperatures  and  rates  and  means 
of  heating  were  investigated.  The  one  which  finally  proved  most 
satisfactory  involved  the  use  of  an  electric  heater  with  exposed 
element  and  built-in  rheostat  (Precision  Scientific  Company 
550-watt  heater).  The  rate  of  heating  could  be  controlled  easily, 
and  the  depolymerization  vessel  could  be  placed  directly  on  the 
heating  element  to  obtain  rapid  heat  transfer.  Likewise,  the 
entire  vessel  was  heated,  so  that  only  a  small  amount  of  refluxing 
took  place. 

During  the  investigation  to_  find  the  best  conditions  for  de¬ 
polymerization,  the  apparatus  used  in  this  work  underwent  con¬ 
siderable  evolution.  In  Figure  2  is  shown  the  form  which  was 
finally  selected.  The  25-ml.  Erlenmeyer  flask  is  sealed  directly 
to  the  side  arm  and  condenser,  so  that  the  cyclopentadiene  vapors 
have  only  a  short  distance  to  travel  before  reaching  the  cool  por¬ 
tion  of  the  apparatus.  The  small  5/20  standard-taper  joint  is 
used  in  rinsing  out  the  condenser  after  a  determination.  Marks 
were  placed  at  the  5-  and  10-ml.  points  on  the  receiver,  so  that  it 
was  possible  to  judge  more  accurately  the  rate  at  which  the  dis¬ 
tillate  was  collected. 

The  third  and  fourth  conditions  listed  above  were  satisfactorily 
fulfilled  through  the  use  of  decalin  (decahydronaphthalene)  as  a 
chaser  and  a  mineral  oil  of  100  Saybolt  viscosity  at  100  °  F.  as  bot¬ 
toms.  Of  the  materials  studied,  decalin  was  most  satisfactory  in 
regard  to  boiling  point  and  stability.  The  exact  properties  of  the 
mineral  oil  used  as  bottoms  are  not  critical  as  long  as  its  initial 
boiling  point  is  well  above  the  boiling  range  of  the  decalin  used  as 
a  chaser. 

DETERMINATION  OF  CYCLOPENTADIENE 

Scope.  This  method  is  intended  for  C5  fractions  (18°  to 
50°  C.)  to  which  no  oxidation  inhibitor  has  been  added.  Higher 
boiling  fractions,  with  the  exception  of  dicyclopentadiene  which 
forms  from  the  monomer  on  storage,  must  be  absent. 

Apparatus.  A  photoelectric  colorimeter,  such  as  the  AC 
Model  Fisher  electrophotometer  with  the  appropriate  cells  and 
light  filters. 

An  assortment  of  pipets,  volumetric  flasks,  and  50-ml.  Erlen¬ 
meyer  flasks  is  required  for  making  dilutions. 

Reagents.  3%  solution  of  alcoholic  potassium  hydroxide, 
filtered. 

20%  by  volume  solution  of  U.S.P.  or  similar  grade  benzalde- 
hyde  in  95%  ethanol.  This  solution  must  be  protected  from 
unnecessary  contact  with  air  because  the  benzaldehyde  is  easily 
oxidized  to  benzoic  acid. 

Dicyclopentadiene,  Eastman  80%  technical  grade. 

Ethanol,  both  95%  and  absolute. 

Pentane,  c.p. 

Procedure.  It  is  first  necessary  to  make  a  standard  calibra¬ 
tion  curve  from  pure  cyclopentadiene,  which  is  prepared  from  re¬ 
distilled  dicyclopentadiene  in  the  manner  previously  described. 
The  cyclopentadiene  must  be  used  immediately  to  prepare  stand¬ 
ard  dilutions  in  c.p.  pentane,  and  even  these  dilute  solutions 
should  not  be  used  after  they  are  more  than  an  hour  old.  These 
solutions  should  be  of  such  concentrations  that  they  are  dis¬ 
tributed  evenly  throughout  the  range  which  can  be  covered  by 
the  particular  instrument  and  filter  used.  Equal  volumes  of  the 
standard  cyclopentadiene  solution,  3%  alcoholic  potassium  hy¬ 
droxide  solution,  and  20%  alcoholic  benzaldehyde  solution  are 


mixed  and  allowed  to  stand  for  3  minutes  before  the  optical 
density  or  per  cent  transmission  is  determined.  The  exact 
volumes  of  these  solutions  used  depend  entirely  upon  the  amount 
of  the  final  mixture  required  to  fill  the  cell  of  the  colorimeter. 
The  blank  or  reference  cell  of  the  colorimeter  is  filled  with  the 
same  solutions,  except  that  the  benzaldehyde  solution  is  omitted 
and  an  equal  volume  of  absolute  ethanol  is  used  instead.  The 
calibration  curve  is  prepared  by  plotting  the  optical  density  or 
per  cent  transmission  against  the  weight  of  cyclopentadiene  for 
each  of  the  standard  dilutions. 

The  unknown  samples  are  treated  in  the  same  manner  as  the 
known  samples  which  were  used  in  preparing  the  calibration 
curve.  A  measured  amount  of  the  sample  is  diluted  to  the 
proper  concentration  with  pentane.  The  sample  can  be  meas¬ 
ured  either  by  weighing  or  by  using  a  known  volume  if  the  den¬ 
sity  is  known.  A  blank  solution  should  again  be  prepared  from 
equal  volumes  of  the  pentane  dilution  of  the  sample,  3%  alcoholic 
potassium  hydroxide,  and  absolute  ethanol.  The  reading  ob¬ 
tained  on  the  unknown  sample  is  referred  to  the  standard  cali¬ 
bration  curve  to  obtain  the  amount  of  cyclopentadiene  present. 

Since  samples  containing  dienes  usually  contain  peroxides, 
such  samples  should  be  distilled  only  in  presence  of  oxidation  in¬ 
hibitors  and  of  “bottoms”  in  the  still  pot.  Neglect  of  these  pre¬ 
cautions  may  cause  explosions.  Samples  containing  cyclopenta¬ 
diene  require  special  care  in  handling,  since  cylopentadiene  has 
been  observed  to  dimerize  spontaneously,  sometimes  explosively. 

DETERMINATION  OF  DICYCLOPENTADIENE 

Scope.  This  method  is  intended  for  the  determination  of  di¬ 
cyclopentadiene  in  the  C5  fraction.  This  is  dicyclopentadiene 
which  has  been  formed  by  the  dimerization  of  some  of  the  cyclo¬ 
pentadiene  originally,  present  in  the  sample.  Other  higher 
molecular  weight  compounds  and  oxidation  inhibitors  should  be 
absent. 

Apparatus.  Depolymerization  apparatus  as  shown  in  Figure  2. 

Electric  heater  with  built-in  rheostat  similar  to  Precision  Sci¬ 
entific  Company  550-watt  heater. 


Figure  2.  Apparatus  for’Quantitative  Depolymeri¬ 
zation  of  Dicyclopentadiene 
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Table  VI.  Change  in  Cyclopentadiene  Content  of  Sample  on  Storage 

Composition  of  original  sample  (%  by  weight) 

18.8%  cyclopentadiene 
14.2%  dicyclopentadiene 

67.0%  Ci  fraction  of  fluid  eat'-,--i:-',1-•  J - 

Weight  %  found  after  days  0  2  3 

Cyclopentadiene  18.8  16.1  14-3  12 

Dicyclopentadiene  14.2  17.4  18-7  20 

Total  (as  cyclopentadiene)  33.0  33.5  33.0  33 
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Assortment  of  pipets  and  volumetric 
asks. 

Boiling  stones. 

Reagents.  Mineral  oil  of  approxi- 
lately  100  Saybolt  viscosity  at  100°  F. 

Decalin  (decahydronaphthalene). 

Pentane,  c.p. 

Ethanol,  both  95%  and  absolute. 

Procedure.  A  5-ml.  portion  of  the 
ydrocarbon  sample  containing  the  di- 
yclopentadiene,  5  ml.  of  decalin,  5  ml. 
f  the  mineral  oil,  and  a  boiling  stone 
re  added  to  the  25-ml.  Erlenmeyer 
ask  of  the  depolymerization  apparatus  shown  in  Figure  2  If 
tie  amount  of  sample  available  is  less  than  5  ml.  it  should  be 
rought  to  this  volume  by  the  addition  of  pentane.  The  electric 
eater  is  placed  so  that  the  flask  rests  on  the  heating  coil,  and  the 
jceiver  is  surrounded  by  an  ice  bath.  The  heat  is  applied  slowly , 
o  that  about  20  minutes  are  required  to  distill  approximately  5 
ll.  of  C6  hydrocarbon.  The  heat  should  then  be  increased  so  that 
he  dicyclopentadiene  is  depolymerized,  and  decalin  distills 
lowly.  The  distillation  of  the  5  ml.  of  chaser  should  require  not 
ess  than  40  minutes  of  actual  distilling  time  (not  just  refluxing). 
Vhen  10  ml.  of  distillate  have  been  collected,  the  heater  should 
>e  turned  on  high  for  one  minute,  and  then  the  distillation 
topped.  Some  of  the  mineral  oil  will  crack  and  an  additional 
nilliliter  or  two  of  distillate  will  be  collected  during  this  time. 
Jnder  no  circumstance  should  the  distillation  be  carried  to  dry¬ 
less,  because  peroxides  may  be  present. 

At  the  conclusion  of  the  distillation,  the  condenser  should  be 
insed  by  pouring  2  to  3  ml.  of  95%  ethanol  through  the  small 
%o  joint,  and  then  the  entire  contents  of  the  receiver  are  .trans- 
erred  to  a  100-ml.  volumetric  flask  and  made  to  volume  with  ab¬ 
solute  ethanol.  Aliquots  of  this  solution  are  analyzed  for  cyclo- 
Dentadiene  by  the  colorimetric  procedure  previously  described. 


lable  III.  Colorimetric  Determination  of  Cyclopentadiene  in 
Pentane  Solutions 

Milligrams  of  Cyclopentadiene 


Present 

Found 

0.16 

0.18 

0.32 

0.32 

0.64 

0.65 

0.80 

0.82 

0.96 

1.00 

1.20 

.  1.26 

1.28 

1.30 

1.60 

1.60 

2.40 

2.46 

3.20 

3.22 

3.60 

3.66 

4.00 

3.98 

4.60 

4.64 

Table  IV.  Determination  of  Cyclopentadiene  in  Presence  of 
Organic  Sulfur  Compounds 


Cyclopentadiene 

Ethyl 

Mercaptan 

Thiophene 

Methyl 

Sulfide 

Found 

Present 

Present 

Present 

Present 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

0.8 

0.8 

2.4 

2.4 

4.0 

4.0 

0.8 

0.8 

2.0 

2.4 

2.4 

6.0 

4.1 

4.0 

10.0 

0.8 

0.8 

2.6 

2.4 

2.4 

7.8 

4.1 

4.0 

13.0 

1.6 

1.6 

17.0 

3.2 

3.2 

34.0 

1.6 

1.6 

1.4 

1.7 

5.6 

Table  V.  Determination  of  Cyclopentadiene  and  Dicyclopenta 
diene  in  the  Presence  of  Other  C$  Hydrocarbons 


Composition  of  sample  (%  by  weight) 

Pentane 

73.2 

73.8 

47.3 

26.  y 

bfi.5 

Pentene-2 

9.9 

9.9 

19.7 

18.9 

9.8 

Piperylene 

4.2 

6.3 

10.3 

19.9 

4.7 

Isoprene 

3.9 

1.9 

9.9 

19.6 

5 . 1 

Cyclopentadiene 

2.5 

4.9 

7.3 

11.8 

6.1 

Dicyclopentadiene 

6.3 

3.2 

5.4 

5.8 

7.8 

Found  (%  by  weight) 

Cyclopentadiene 

2.5 

4.9 

7.6 

11.8 

5.y 

Dicyclopentadiene 

6.2 

3.2 

5.2 

5 . 6 

7.7 

Dicyclopentadiene  is  determined  as  the  difference  between  the 
total  cyclopentadiene  thus  determined  and  the  cyclopentadiene 
present  as  such  in  the  original  sample. 

Accuracy  of  Methods.  The  colorimetric  method  for  deter¬ 
mining  cyclopentadiene  appears  to  be  capable  of  a  rather  high 
degree  of  accuracy.  The  results  of  a  series  of  analyses  on  samples 
made  from  pentane  and  cyclopentadiene  are  shown  in  Table  III. 
Here  the  maximum  error  is  0.06  mg.  of  cyclopentadiene,  and  the 
average  error  is  0.03  mg.  or  0.3%  on  the  basis  of  the  original 
sample.  As  far  as  has  been  determined  at  the  present  time,  the 
method  is  specific  for  cyclopentadiene,  and  certainly  none  of  the 
materials  which  would  normally  be  associated  with  it  in  a  hydro¬ 
carbon  sample  causes  any  interference.  Some  of  the  sulfur  com¬ 
pounds,  ethyl  mercaptan,  methyl  sulfide,  and  thiophene,  were 
tried  and  found  to  be  ivithout  effect  (Table  IV). 

The  only  additional  step  involved  in  the  determination  of  di¬ 
cyclopentadiene  is,  of  course,  the  depolymerization  reaction. 
This  reaction  can  be  carried  out  quantitatively  if  sufficient  care  is 
exercised,  and  the  dicyclopentadiene  can  be  determined  accu¬ 
rately.  In  Table  V  are  given  the  results  of  analyses  made  on 
samples  containing  both  the  monomer  and  dimer  blended  writh 
other  C6  hydrocarbons.  Isoprene  and  piperylene  wrere  present 
in  each  of  these  samples,  and,  since  the  results  were  still  accurate, 
it  is  apparent  that  these  other  conjugated  C6  dienes  do  not  inter¬ 
fere. 

Additional  proof  of  the  accuracy  and  precision  of  the  method, 
as  well  as  an  indication  of  the  need  for  the  method  for  dicyclo¬ 
pentadiene,  is  shown  in  Table  VI.  The  sample  was  prepared  by 
adding  a  known  amount  of  cyclopentadiene  and  dicyclopenta¬ 
diene  to  the  C6  fraction  of  a  fluid  catalytically  cracked  naphtha, 
which  was  found  by  analysis  to  be  free  of  cyclopentadiene.  This 
sample  was  stored  at  room  temperature  in  a  dark  bottle  and  por¬ 
tions  of  it  were  analyzed  after  various  periods  of  time.  After 
only  2  days  a  very  appreciable  change  had  occurred,  and  after 
30  days  practically  all  of  the  cyclopentadiene  had  dimerized. 
It  will  be  noticed  that  in  each  of  these  analyses,  with  the  excep¬ 
tion  of  the  one  on  the  second  day,  the  total  of  the  monomer  and 
dimer  was  33.0%  or  exactly  the  theoretical  amount.  This  rigor¬ 
ous  test  of  the  accuracy  and  reproducibility  of  the  methods  indi¬ 
cates  that  they  are  entirely  reliable. 
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Photometric  methods  for  the  determination  of  iron  and  copper  as 
colored  complexes  with  1 ,1 0-phenanthroline  and  diethyldithio- 
carbamate,  respectively,  can  be  adapted  to  the  rapid  determination 
of  traces  of  iron  and  copper  in  red  phosphorus  with  a  precision  of  2 
p.p.m.  for  either  component  in  the  range  0  to  50  p.p.m.  Interfer¬ 
ence  from  aluminum  is  minimized  by  addition  of  ammonium  citrate. 
For  solution  of  red  phosphorus,  oxidation  with  a  bromine-carbon 
tetrachloride  mixture  is  recommended  in  the  analysis  for  iron, 
whereas  oxidation  with  nitric  acid  is  recommended  in  the  analysis  for 
copper. 

THE  stability  of  red  phosphorus  toward  atmospheric  oxida¬ 
tion  is  decreased  markedly  by  traces  of  iron  and  copper. 
The  critical  stability  requirement  involved  in  certain  uses  of  red 
phosphorus  reflects  a  need  for  precise,  and  preferably  rapid, 
methods  for  the  determination  of  contaminative  iron  and  copper. 
Several  methods  for  the  determination  of  traces  of  iron  and  copper 
have  been  published,  but  none  is  specifically  applicable  to  the 
analysis  of  red  phosphorus.  Yoe  and  Sarver  (6)  have  prepared  a 
bibliography  of  organic  reagents  for  the  determination  of  iron 
and  copper.  From  a  comparison  of  several  photometric  methods 
for  iron,  Woods  and  Mellon  (5)  have  recommended  the  1,10- 
phenanthroline  method  (3)  for  general  application.  Haywood 
and  Wood  (3)  have  used  the  color  of  the  cupric  diethyldithio- 
carbamate  complex  as  a  basis  for  the  determination  of  copper  in 
ferrous  materials  that  had  first  been  dissolved  in  a  mixture  of 
phosphoric  and  sulfuric  acids. 

In  the  present  work,  conditions  were  established  for  dissolving 
red  phosphorus  preparatory  to  its  photometric  analysis  for  iron 
as  the  ferrous  1,10-phenanthroline  complex  and  for  copper  as  the 
cupric  diethyldithiocarbamate  complex.  The  methods  of  For¬ 
tune  and  Mellon  (2)  and  of  Haywood  and  Wood  (3)  were  adapted 
to  the  formation  of  the  respective  colored  complexes.  The  in¬ 
fluence  of  interfering  ions  and  of  other  factors  on  the  development 
of  color  was  studied. 

Red  phosphorus  dissolves  in  dilute  nitric  acid  to  form  a  solution 
of  mixed  acids  of  phosphorus.  On  evaporation  of  the  solution  to 
small  volume  and  addition  of  concentrated  nitric  acid,  the  lower 
acids  of  phosphorus  are  oxidized  to  a  mixture  of  ortho-,  meta-, 
and  pyrophosphoric  acids.  Pyro-  and  metaphosphoric  acids  do 
not  affect  the  determination  of  copper  but  do  affect  development 
of  color  in  the  determination  of  iron.  Although  both  of  these 
acids  can  be  hydrolyzed  to  orthophosphoric  acid,  the  iron  ex¬ 
tracted  from  the  glass  vessel  during  the  oxidation  step  is  additive 
in  the  iron  analysis.  Nitric  acid  thus  is  a  suitable  sol  vent  for  the 
determination  of  copper  but  not  for  the  determination  of  iron. 

A  solution  of  bromine  in  carbon  tetrachloride  reacts  smoothly 
with  red  phosphorus  to  form  crystals  of  an  addition  compound  of 
phosphorus  pentabromide  and  carbon  tetrachloride  (4).  Upon 
the  addition  of  water  and  subsequent  evaporation  of  the  carbon 
tetrachloride,  the  phosphorus  pentabromide  hydrolyzes  to  ortho- 
phosphoric  and  hydrobromic  acids.  The  hydrobromic  acid  is 
decomposed  by  nitric  acid.  This  method  for  dissolution  of  the 
sample  obviates  the  disadvantages  involved  in  the  use  of  nitric 
acid  as  the  solvent  in  an  iron  determination. 

Many  samples  of  commercial  red  phosphorus  yield  a  yellow  to 
brown  solution.  The  objectionable  color  is  bleached  by  the 
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action  of  potassium  chlorate  on  the  hot  sirupy  solution  of  phos¬ 
phoric  acid. 

In  the  analysis  of  red  phosphorus  that  has  been  coated  with 
hydrous  alumina  (aluminated)  to  increase  its  stability,  the  alumi¬ 
num  precipitates  as  the  phosphate  and  interferes  with  the 
determination  of  both  iron  and  copper.  Ammonium  citrate  pre¬ 
vents  precipitation  of  the  aluminum  and  can  be  used  without 
special  precautions  in  the  copper  determination.  In  the  iron 
determination,  however,  tests  similar  to  those  of  Cowling  and 
Benne  (1)  confirmed  their  observation  that  the  citrate  ion  mark¬ 
edly  retards  the  formation  of  the  ferrous  1,10-phenanthroline 
complex.  In  tests  with  30  mg.  of  aluminum  hydroxide  per  gram 
of  phosphorus,  a  1  to  1  molar  ratio  of  citric  acid  to  aluminum 
hydroxide  proved  effective.  A  slightly  greater  amount  of  citric 
acid  is  specified  in  the  procedure  to  take  care  of  normal  variations 
in  samples  of  red  phosphorus.  Increase  of  the  additions  of  re¬ 
ducing'  and  color-forming  reagents  over  the  amounts  used  by 
Fortune  and  Mellon  (3)  eliminates  most  of  the  interference  by  the 
citrate. 

APPARATUS  AND  REAGENTS 

Filter  photometer,  Fisher  AC  electrophotometer  fitted  with 
425-mu  blue  and  525-m/i  green  filters  and  with  2-  and  5-cm 
absorption  cells. 

Nitric  acid,  70%,  redistilled. 

Bromine-carbon  tetrachloride  mixture,  1  volume  of  bromine  to 
3  volumes  of  redistilled  carbon  tetrachloride. 

Citric  acid,  10  grams  of  the  monohydrate  per  100  ml.  of  solu¬ 
tion. 

Hydroxylamine  hydrochloride,  10  grams  per  100  ml.  of  solu¬ 
tion. 

1  >  10-P henanthroline,  0.1  gram  per  100  ml.  of  solution. 

Colloid,  1.0  gram  of  gum  acacia  dissolved  in  100  ml.  of  boiling 
water,  filtered,  and  diluted  to  200  ml.  Prepare  fresh  daily. 

Sodium  diethyldithiocarbamate,  0.2  gram  per  100  ml.  of  solu¬ 
tion,  stored  in  a  dark  bottle. 

Standard  iron  solution,  1  ml.  o  0.01  mg.  of  iron.  Dilute  to  1 
liter  a  100-ml.  aliquot  of  a  solution  containing  0.7021  gram  of 
ferrous  ammonium  sulfate  hexahydrate  and  5  ml.  of  sulfuric  acid 
per  liter. 

Standard  copper  solutions.  Dissolve  0.2500  gram  of  pure  cop¬ 
per  in  nitric  acid  and  dilute  to  1  liter.  Dilute  100  ml.  of  this 
stock  solution  to  1  liter  for  standard  solution  A  (1  ml.  o  0.025 
mg.  of  copper).  Dilute  200  ml.  of  solution  A  to  1  liter  for 
standard  solution  B  (1  ml.  =  0.005  mg.  of  copper). 

Potassium  chlorate,  reagent  grade. 

Indicator.  Alkacid  test  paper  (manufactured  by  Fisher  Scien¬ 
tific  Company). 


DETERMINATION  OF  IRON 

Preparation  of  Calibration  Curves.  To  a  series  of  100- 
ml.  volumetric  flasks  add  0  to  28  ml.  of  the  standard  iron  solution 
in  2-ml.  increments.  To  a  second  series  of  the  flasks  add,  from  a 
microburet,  0  to  5.00  ml.  of  the  standard  iron  solution  in  0.20-ml. 
increments.  Into  the  contents  of  each  flask  mix  1  ml.  of  hy¬ 
droxylamine  hydrochloride  solution,  and  allow  the  mixture  to 
stand  tor  15  minutes.  Add  5  ml.  of  1,10-phenanthroline  solution, 
and  adjust  the  pH  to  6  by  dropwise  addition  of  dilute  ammonium 
hydroxide.  This  is  best  accomplished  by  touching  a  drop  of  the 
solution  on  a  stirring  rod,  to  a  piece  of  Alkacid  test  paper.  Dilute 
each  solution  to  the  mark,  mix  it  thoroughly,  and  allow  1  hour 
for  color  development.  Read  the  color  intensity  on  a  photom¬ 
eter  equipped  with  a  525-nm  (green)  filter.  For  the  solutions 
in  the  first  series,  which  represent  0  to  280  p.p.m.  of  iron  on  the 
basis  of  a  1-gram  sample  of  red  phosphorus,  use  2-cm.  cylindrical 
cells;  for  those  in  the  second  series,  which  represent  0  to  50  p.p.m. 
of  iron,  use  5-cm.  rectangular  cells.  Plot  color  intensity  versus 
p.p.m.  of  iron. 
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Blank  Determinations.  Determine  the  iron  content  of  each 
w  preparation  of  bromine-carbon  tetrachloride,  mixture, 
ilute  1  volume  of  phosphoric  acid  of  known  iron  content  with  19 
flumes  of  distilled  water,  and  measure  44.0  ml.  of  the  solution 
Dm  a  buret  into  each  of  six  250-ml.  beakers.  Add  the  same 
lantities  of  bromine-carbon  tetrachloride  mixture  and  other 
agents  that  are  used  in  a  regular  analysis  of  red  phosphorus, 
id  put  the  blanks  through  the  same  analytical  procedure.  Sub¬ 
act  the  iron  content  of  the  phosphoric  acid  from  the  total  iron 
und  to  obtain  the  blank  on  the  bromine-carbon  tetrachloride 
ixture.  Subtract  the  average  blank  thus  obtained  from  the 
tal  iron  found  in  the  analysis  of  red  phosphorus  to  obtain  the 
ue  iron  content  of  the  red  phosphorus. 

When  a  large  excess  of  hydroxylamine  hydrochloride  is  used  in 
.e  determination  of  iron  in  aluminated  red  phosphorus,  run  a 
parate  blank  on  this  reagent.  To  10  ml.  of  the  hydroxylamine 
/drochloride  solution  add  5  ml.  of  1,10-phenanthroline  solution 
id  adjust  the  pH  to  6  by  dropwise  addition  of  dilute  ammonium 
Mroxide.  Dilute  the  solution  to  100  ml.,  mix  thoroughly,  and 
low  1  hour  for  color  development.  Use  three-tenths  of  the  iron 
und  as  a  correction  in  the  analysis  of  aluminated  red  phos- 
lorus. 

Procedure.  Weigh  1.00  gram  of  red  phosphorus  into  a  dry 
iO-ml.  beaker.  Successively  add  75  ml.  of  carbon  tetrachloride, 
i  ml.  of  distilled  water,  and  15  ml.  of  nitric  acid.  Place  the  mix- 
ire  under  a  hood,  and  add  20  ml.  of  bromine-carbon  tetra- 
lloride  solution,  from  either  a  buret  or  a  pipet  equipped  with  a 
iction  bulb,  at  a  rate  that  will  not  cause  violent  reaction.  Stir 
le  mixture  until  formation  of  yellow  crystals  of  PBr5.2CCl4 
;ases.  Then  nest  the  250-ml.  beaker  and  its  contents  in  a  400- 
.1.  beaker  with  the  lips  of  the  beakers  divergent.  In  the  air 
ith  thus  formed  the  mixture  can  be  evaporated  with  fair  rapidity 
id  without  bumping. 

Evaporate  the  liquid  on  a  hot  plate  at  medium  temperature  un- 
1  frothing  and  evolution  of  dense  brown  fume  occur  at  a  volume 
:  5  or  6  ml.  If  the  liquid  is  colored,  add  a  few  potassium 
ilorate  crystals  and  continue  the  heating  until  decolorization 
isues.  Avoid  prolonged  heating  lest  the  beaker  be  attacked. 
Dilute  the  solution  to  100  ml.  with  distilled  water,  cover  with  a 
yrex  watch  glass,  and  boil  at  a  rate  that  will  decrease  the  volume 
d  about  30  ml.  in  45  minutes.  Transfer  the  solution  to  a  100-ml. 
olumetric  flask,  rinse  the  beaker  five  or  six  times  with  5-ml. 
ortions.  of  distilled  water,  and  add  the  washings  to  the  flask. 
>ilute  the  solution  to  70  ml.  The  remainder  of  the  procedure 
epends  upon  whether  the  original  sample  of  red  phosphorus  was 
luminated. 

If  the  original  sample  was  unaluminated,  add  1  ml.  of  hydroxyl- 
mine*  hydrochloride  solution  to  the  flask.  After  15  minutes  add 
ml.  of  1,10-phenanthroline  solution,  and  adjust  the  pH  to  6 
y  dropwise  addition  of  ammonium  hydroxide.  Dilute  the  solu- 
on  to  the  mark,  mix  it  thoroughly,  and  allow  the  color  to  develop 
ir  1  hour.  Read  the  color  intensity  on  a  photometer  with  a  525- 
in  (green)  filter.  If  color  intensity  indicates  more  than  50 
.p.m.  of  iron,  use  2-cm.  cylindrical  cells;  if  less  than  50  p.p.m., 
se  5-cm.  rectangular  cells.  Read  the  iron  content  from  the 
ppropriate  calibration  curve.  Correct  for  the  blank  on  the 
eagents. 

If  the  original  sample  was  aluminated,  add  4  ml.  of  hydroxyl- 
mine  hydrochloride  solution  to  the  solution  of  dilute  ortho- 
'hosphoric  acid  in  the  100-ml.  volumetric  flask.  After  15 
ainutes  add  1.0  ml.  of  citric  acid  solution,  shake  the  mixture  thor- 
ughly,  and  cool  it  to  room  temperature.  Add  10  ml.  of  1,10- 
ihenanthroline  solution,  and  adjust  the  pH  to  6  by  dropwise 
ddition  of  ammonium  hydroxide.  Dilute  the  solution  to  the 
aark,  mix  it  thoroughly,  and  allow  2  hours  for  color  to  develop, 
lead  the  color  intensity  and  determine  the  iron  content  as  de- 
cribed  for  unaluminated  red  phosphorus. 

Factors  Affecting  Color  Development.  The  presence  of 
irthophosphoric  acid  narrows  the  pH  range  for  maximum  color 
levelopment.  At  the  optimum  pH  of  6  =*=  1,  however,  quantities 
>f  orthophosphoric  acid  equivalent  to  as  much  as  2  grams  of  red 
ihosphorus  are  without  effect. 

The  conditions  specified  in  the  procedure  for  aluminated  red 
ihosphorus  practically  overcome  interference  from  the  citrate 
Eat  is  added  to  prevent  precipitation  of  aluminum. 

Lead,  which  may  be  present  in  red  phosphorus,  forms  a  pre¬ 
cipitate.  In  aluminated  samples  to  which  the  specified  quantity 
of  citrate  has  been  added,  up  to  1500  p.p.m.  of  lead  can  be  toler¬ 
ated. 

Neither  nickel  nor  copper  interferes  in  proportions  less  than 
100  p.p.m.  Larger  proportions  of  copper  cause  high  results. 


Precision  and  Accuracy.  The  precision  of  the  method  was 
tested  by  analyzing  in  multiple  a  sample  of  pure  red  phosphorus, 
both  alone  and  with  known  additions  of  iron.  From  32  deter¬ 
minations  in  which  the  maximum  deviation  from  the  mean  was 
3  p.p.m.,  the  standard  deviation  of  a  single  value  was  shown  to  be 
1.2  p.p.m.  of  iron. 

To  test  the  precision  of  the  method  on  aluminated  samples,  12 
samples  containing  the  equivalent  of  30  mg.  of  aluminum  hy¬ 
droxide  as  the  nitrate  were  analyzed.  The  maximum  deviation 
from  the  mean  was  2.7  p.p.m.,  and  the  standard  deviation  was  1.6 
p.p.m.  of  iron.  The  accuracy  is  believed  to  be  as  good  as  the 
precision.  Occasional  discrepancies  in  the  analysis  of  less  pure 
samples  were  shown  to  be  due  to  inhomogeneity  of  the  samples. 

DETERMINATION  OF  COPPER 

Preparation  of  Calibration  Curves.  To  a  series  of  100- 
ml.  volumetric  flasks  add,  in  increments  of  1  ml.  from  a  micro¬ 
buret,  from  0  to  12  ml.  of  standard  copper  solution  A  (1  ml.  =c* 
0.025  mg.  of  copper)  and  from  0  to  10  ml.  of  standard  copper  solu¬ 
tion  B  (1  ml.  =c=  0.005  mg.  of  copper).  Then  add  to  each  flask 
10  ml.  of  3  N  ammonium  hydroxide  and  10  ml.  of  the  suspension 
of  gum  acacia.  Dilute  the  mixture  to  about  70  ml.,  agitate  it 
thoroughly,  add  10  ml.  of  sodium  diethyldithiocarbamate  solu¬ 
tion,  and  make  the  volume  up  to  100  ml.  Allow  15  minutes  for 
color  development.  Read  the  color  intensity  on  a  photometer 
fitted  with  a  425-m m  (blue)  filter.  For  the  solutions  prepared 
from  standard  copper  solution  A,  which  represent  0  to  120  p.p.m. 
of  copper  on  the  basis  of  a  2.5-gram  sample  of  red  phosphorus,  use 
2-cm.  cylindrical  cells;  for  those  prepared  from  standard  copper 
solution  B,  which  represent  0  to  20  p.p.m.  of  copper,  use  5-cm. 
rectangular  cells.  Plot  color  intensity  versus  p.p.m.  of  copper. 

Procedure.  Weigh  a  2.50-gram  sample  of  red  phosphorus 
into  a  300-ml.  tail-form  beaker,  and  add  100  ml.  of  nitric  acid  (1  + 
1).  Heat  the  mixture  gently  to  start  the  reaction,  then  allow  the 
reaction  to  proceed  in  the  cold.  After  the  vigorous  reaction  sub¬ 
sides,  evaporate  the  liquid  until  the  evolution  of  brown  fume 
ceases.  Add  2  to  5  ml.  of  concentrated  nitric  acid  to  the  cooled 
solution  and  reheat  it  until  the  evolution  of  brown  fume  ceases. 
Repeat  the  cycles  of  adding  nitric  acid  and  heating  until  a  cycle 
fails  to  produce  brown  fume,  then  evaporate  the  liquid  to  a  sirup. 
If  the  sirup  is  colored,  heat  it  for  a  few  minutes  with  about  0.2 
gram  of  potassium  chlorate.  Add  10  to  20  ml.  of  water  to  the 
cooled  solution  and  reheat  it  to  boiling  to  remove  chlorine  and 
oxides  of  nitrogen.  If  the  solution  is  not  colorless  after  boiling 
for  10  minutes,  re-evaporate  it  to  a  sirup  and  repeat  the  potasium 
chlorate  treatment. 

Transfer  the  degassed  solution  to  a  100-ml.  volumetric  flask, 
and  add  2.0  ml.  of  citric  acid  solution.  Add  ammonia  until  a 
drop  of  the  solution  turns  Alkacid  test  paper  a  distinct  green  (pH 
>  8.5).  Thoroughly  mix  10  ml.  of  the  suspension  of  gum  acacia 
with  the  ammoniacal  solution,  and  dilute  the  mixture  to  70  ml. 
Add  10  ml.  of  sodium  diethyldithiocarbamate  and  sufficient  water 
to  make  100  ml.  Measure  the  color  intensity  with  the  photom¬ 
eter,  using  5-cm.  rectangular  cells  for  0  to  20  p.p.m.  of  copper 
and  2-cm.  cylindrical  cells  for  20  to  120  p.p.m.  of  copper.  Deter¬ 
mine  the  p.p.m.  of  copper  from  the  appropriate  calibration  curve. 

Factors  Affecting  Color  Development.  The  pH  must  be 
at  least  8.5  for  proper  color  development.  A  moderate  excess  of 
ammonium  hydroxide  does  not  interfere  with  color  development, 
but  a  large  excess  precipitates  diammonium  phosphate.  Phos¬ 
phorus  is  without  effect.  The  added  citric  acid  eliminates  inter¬ 
ference  from  aluminum  and  decolorizes  traces  of  iron  which  might 
otherwise  cause  a  slight  positive  error. 

Significant  errors  can  be  introduced  by  a  few  elements  that 
form  precipitates  or  colored  complexes.  Nickel  forms  a  greenish- 
yellow  complex  with  sodium  diethyldithiocarbamate.  The  re¬ 
moval  of  nickel  with  dimethylglyoxime,  as  recommended  by 
Haywood  and  Wood  (3),  introduces  an  error  of  about  0.015  mg. 
of  copper  (6  p.p.m.  on  basis  of  a  2.5-gram  sample),  probably  be¬ 
cause  of  the  slight  solubility  of  nickel  dimethylglyoxime.  It  is 
recommended  that  nickel,  if  present,  be  removed  with  dimethyl¬ 
glyoxime  and  that  a  correction  be  made  for  the  positive  error 
introduced.  Lead  in  amounts  greater  than  40  p.p.m.  in  the  red 
phosphorus  interferes  by  precipitation.  None  of  the  other 
known  interfering  elements  has  been  detected  in  red  phosphorus. 
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Precision  and  Accuracy.  Since  red  phosphorus  of  known 
copper  content  was  not  available  for  analysis,  the  accuracy  of  the 
method  could  not  be  determined.  The  precision  of  the  method 
was  2  p.p.m.  of  copper  on  a  sample  that  analyzed  33  p.p.m.  The 
precision  was  unaltered  by  the  addition  of  sufficient  standard 
copper  solution  to  raise  the  copper  content  of  the  sample  to  80 
p.p.m.  Results  reproducible  within  0.2  p.p.m.  have  been  ob¬ 
tained  on  samples  of  red  phosphorus  that  contained  less  than  10 
p.p.m.  of  copper. 
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Simplified  Determination  of  Manganese  in  Caustic  Soda 

RAYMOND  F.  MORAN  and  ALLEN  P.  McCUE 
Control  Department,  Westvaco  Chlorine  Products  Corporation,  South  Charleston,  W.  Va. 


A  simple  and  rapid  method  for  the  determination  of  the  traces  of 
manganese  in  commercial  caustic  soda  is  described.  By  the  use  of 
visual  comparison  instead  of  photoelectric  colorimetry  the  method 
is  made  more  flexible  for  use  in  industrial  control  laboratories.  The 
precision  expressed  as  LU2  was  =*=0.1 1  p.p.m.  on  a  sample  containing 
0.30  p.p.m.  of  manganese. 


IN  A  recent  article  (D)  Williams  and  Andes  described  two 
methods  for  determining  the  small  concentrations  of  man¬ 
ganese  usually  present  in  commercial  caustic  soda.  The  direct 
method  developed  the  permanganate  color  by  oxidizing  with 
periodate  the  manganese  in  20  grams  of  50%  sodium  hydroxide, 
the  color  being  measured  in  an  Eimer  and  Amend  photoelectric 
colorimeter  on  the  100  ml.  of  solution  finally  obtained.  The  ex¬ 
traction  method  involved  the  extraction  of  the  manganese  salt 
from  100  grams  of  50%  sodium  hydroxide  by  a  chloroform  solu¬ 
tion  of  8-hydroxy  quinoline,  the  reagent  subsequently  being  de¬ 
stroyed  and  the  manganese  oxidized,  after  which  the  perman¬ 
ganate  color  was  measured  by  the  colorimeter  also  in  100  ml.  of 
solution.  The  extraction  method  had  an  improved  precision 
about  in  the  ratio  that  would  be  expected  from  the  use  of  a 
fivefold  increase  in  sample  size.  Unfortunately  this  increase  in 
precision,  while  necesssary  for  some  exact  analyses,  was  obtained 
at  the  expense  of  increased  complexity  and  required  time  for  the 
analyses.  The  direct  procedure  had  an  LUi  {!)  of  ±0.18  p.p.m. 
which  could  be  obtained  only  through  very  careful  use  of  a  sensi¬ 
tive  photoelectric  colorimeter  because  the  developed  pink  colors 
were  so  weak. 

It  was  necessary  to  devise  a  rapid  and  simple  method  for 
manganese  which  could  be  applied  in  laboratories  that  did  not 
possess  a  sensitive  colorimeter.  Although  the  colors  developed 
by  the  direct  method  were  weak,  they  were  visible  to  the  eye, 
which  led  to  the  attempt  to  adapt  the  method  to  Nessler-tube 
comparison.  After  some  experimentation  such  a  method  was 
developed. 

SPECIAL  APPARATUS  AND  REAGENTS 

Phosphoric  acid,  1  to  1.  Equal  volumes  of  c.P.  85%  ortho- 
phosphoric  acid  and  distilled  water. 

Treated  phosphoric  acid,  1  to  10.  To  1  liter  of  distilled  water 
add  100  ml.  of  85%  phosphoric  acid.  Place  in  a  2-liter  beaker, 
add  0.8  gram  of  potassium  periodate,  and  boil  vigorously  for  20  to 
25  minutes.  This  boiling  should  reduce  the  volume  to  about  1 
liter.  Cool  and  preserve  in  a  very  clean  glass-stoppered  bottle 
which  has  been  rinsed  with  the  reagent.  Do  not  add  water  after 
boiling. 

Standard  manganese  solution.  Dissolve  0.3077  gram  of  man¬ 
ganous  sulfate  monohydrate  in  water,  add  10  ml.  of  85%  phos¬ 
phoric  acid,  and  dilute  to  1  liter  in  a  volumetric  flask.  Dilute  10 


ml.  of  this  solution  to  1  liter.  One  milliliter  of  this  second  solutic 
contains  1  microgram  of  manganese. 

Nessler  tubes.  A  set  of  matched  12-inch  100-ml.  Nessler  tub. 
should  be  used.  These  tubes  should  have  optical  glass  flat  bo 
toms  and  be  held  in  a  stand  having  an  opaque  white  base. 

PROCEDURE 

Weigh  20  ±  1  grams  of  50%  sodium  hydroxide  (or  the  equiv 
lent  amount  of  other  concentrations)  into  a  250-ml.  wid 
mouthed  Erlenmeyer  flask  and  dilute  with  50  ml.  of  water.  Ac 
50  ml.  of  1  to  1  phosphoric  acid  and  0.8  gram  of  potassium  peri 
date.  Heat  the  solution  to  boiling  and  boil  vigorously  fcr  20  to  ! 
minutes,  so  that  50  to  70  ml.  remain  at  the  end  of  the  boilii 
period.  Cool  to  room  temperature  and  dilute  to  100  ml.  wii 
treated  phosphoric  acid  in  a  100-ml.  graduated  cylinder.  F. 
comparison  with  knowns,  transfer  to  a  Nessler  tube  that  has  be( 
rinsed  with  about  10  ml.  of  the  treated  phosphoric  acid.  ‘ 

Simultaneously  with  the  samples,  prepare  a  set  of  standar. 
by  adding  4,  6,  8,  and  10  ml.  of  the  1  microgram  per  ml.  standai 
manganese  solution,  equivalent  to  0.2,  0.3,  0.4,  and  0.5  p.p.i 
of  manganese,  to  a  series  of  250-ml.  wide-mouthed  Erlenmey 
flasks.  Proceed  as  above,  beginning  with  the  dilution  with  ! 
ml.  of  water.  Compare  colors  and  report  samples  to  the  neare 
0.05  p.p.m.  These  standards  should  cover  the  range  of  mo 
samples  of  commercial  liquid  caustic  soda  but,  if  the  samp 
color  is  lighter  or  darker,  prepare  additional  standards. 

DISCUSSION 

It  was  found  essential  to  use  the  treated  phosphoric  acid  for  i 
dilutions  to  avoid  fading.  The  very  small  concentrations  of  pe 
manganate  present  in  the  final  solution,  though  easily  perceptit 
to  the  eye,  are  very  sensitive  to  destruction  by  slight  traces 
reducing  matter.  If  the  treated  acid  was  boiled  vigorously  ai 
all  apparatus  kept  clean,  no  difficulty  was  encountered  with  fa 
ing.  A  few  time  studies  indicated  that  it  was  preferable  to  u 
the  standards  for  one  day  only,  however. 

This  method  was  adaptable  to  the  analysis  of  large  groups 
samples,  the  number  being  limited  only  by  the  size  of  the  h 
plate  that  was  used.  It  was  found  simple  enough  to  be  plac< 
in  the  hands  of  laboratory  technicians  having  but  mimmu 
amounts  of  training.  The  use  of  a  reagent  blank  was  not  nece 
sary  because  standards  and  samples  were  prepared  w^th  the  san 
reagents. 

ACCURACY  AND  PRECISION 

The  method  was  tested  for  precision  under  routine  conditio 
(I)  by  allowing  seven  routine  analysts,  previously  unacquainti 
with  the  method,  to  make  a  total  of  21  determinations  on  oi 
sample  of  commercial  50%  caustic  soda.  An  average  of  0..' 
p.p.m.  was  obtained  with  an  LU2  of  ±0.11  p.p.m.  No  sing 
result  differed  from  the  average  by  more  than  0.05  p.p.m.  To  te 
the  accuracy,  the  same  sample  was  carefully  analyzed  by  t: 
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Lirect  method  (2)  to  obtain  values  of  0.30  and  0.33  p.p.m.,  and 
>y  the  extraction  method  ( 2 )  to  obtain  results  of  0.31  and  0.33 
>.p.m.  All  results  agreed  with  the  average  within  the  precision 
>f  the  methods. 

All  precision  criteria  mentioned  in  this  article  were  obtained 
>y  the  techniques  described  by  Moran  (1).  The  LUi  results,  or 
imits  of  uncertainty  under  ideal  conditions,  were  calculated  from 
,he  results  of  ten  replicate  analyses  made  by  one  experienced 
ihemist  at  one  time  on  one  sample,  the  Llh  being  expressed  as 
;hree  standard  deviations.  The  LUi  result,  or  limit  of  uncer¬ 
tainty  under  routine  conditions,  represents  three  standard  devia¬ 
tions  derived  from  a  larger  number  of  analyses  made  by  routine 
technicians  at  various  times  on  the  same  sample.  Obviously  the 
LUi  test  is  open  to  more  variations  than  the  LU\  test.  When  the 
LUi  result  on  the  currently  described  method  was  found  satis¬ 
factory,  no  necessity  for  obtaining  an  LU\  was  seen. 

A  series  of  17  consecutive  tank-car  shipments  of  50%  caustic 
soda  was  analyzed  by  both  the  authors’  laboratory  and  the  labora¬ 
tory  of  the  consignee  of  the  shipments.  The  averages  of  the  two 
series  of  tests  were  0.33  and  0.32  p.p.m.,  with  no  result  on  any 
one  shipment  differing  by  more  than  0.05  p.p.m. 


It  may  seem  somewhat  surprising  that  by  substituting  visual 
comparison  for  instrument  comparison  an  actual  gain  in  precision 
was  obtained.  The  limiting  precision  of  the  direct  method  (2) 
under  the  best  conditions  was  ±0.18  p.p.m.  while  the  present 
method  had  a  precision  of  ±0.11  p.p.m.  under  routine  conditions. 
While  the  modifications  introduced  into  the  current  method 
may  have  improved  precision  somewhat,  it  is  the  authors’  belief 
that  the  normal  human  eye  may  be  superior  for  detecting  slight 
changes  in  very  light  colors  unless  an  exceptionably  stable  and 
sensitive  photoelectric  colorimeter  is  available. 
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Determination  of  Total  Beta-Carotene  in  Sweet  Potatoes 

and  Sweet  Potato  Products 

An  Improved  Method 

ROBERT  T.  O’CONNOR,  DOROTHY  C.  HEINZELMAN,  and  MERRILL  E.  JEFFERSON 
Southern  Regional  Research  Laboratory,  New  Orleans,  La. 


A  new  method  for  the  routine  determination  of  carotene  in  sweet 
potatoes,  sweet  potato  products,  and  by-products  has  been  evolved 
from  study  of  the  various  previously  proposed  methods.  Con¬ 
sideration  of  the  three  essential  steps  of  carotene  analysis — i.e., 
extraction,  purification,  and  spectrophotometric  measurement — led 
to  the  selection  of  ethyl  alcohol  as  a  solvent  for  the  extraction;  of  a 
dicalcium  phosphate  adsorption  column  for  the  purification;  and 
of  a  synthetic  hydrocarbon  as  a  solvent  for  use  in  the  spectrophoto¬ 
metric  measurements. 

DURING  the  course  of  analysis  of  a  large  number  of  samples 
incident  to  investigations  on  the  methods  of  commercial 
extraction  of  carotene  from  sweet  potatoes  (24)  and  by-products 
of  sweet  potato  starch  manufacture  ( 1 ),  and  on  the  stability  of 
carotene  in  dehydrated  sweet  potatoes  during  storage  (2),  it  be¬ 
came  evident  that  no  completely  satisfactory  method  for  the  rou¬ 
tine  determination  of  carotene  in  sweet  potatoes  and  sweet  po¬ 
tato  products  and  by-products  is  available  in  the  literature. 
Consequently,  detailed  examinations  have  been  made  of  the  three 
essential  steps  in  the  procedure:  (1)  extraction  of  the  carotene, 
(2)  purification  of  the  extracted  carotene,  and  (3)  spectrophoto¬ 
metric  measurement  of  the  finally  purified  carotene. 

This  communication  presents  the  procedure  finally  adopted 
for  the  routine  determination  of  total  /3-carotene  in  sweet  pota¬ 
toes  and  sweet  potato  products,  evolved  from  studies  and  tests 
made  of  the  various  proposed  changes  in  different  steps  in  the 
procedure  which  have  appeared  in  the  literature.  Though  the 
procedure  is  especially  adapted  to  sweet  potatoes  and  sweet  po¬ 
tato  products,  the  section  dealing  with  spectrophotometric  meas¬ 
urement  should  be  satisfactory  for  the  evaluation  of  total  /3- 
carotene  extracted  and  purified  from  other  natural  products. 
It  is  recognized  that  a  variety  of  extraction  and  purification  pro¬ 


cedures  are  required  for  satisfactorily  analyzing  different  prod¬ 
ucts  for  /3-carotene.  However,  the  basic  observations  outlined 
regarding  extraction  and  purification  are  equally  applicable  to 
the  analysis  of  any  material  for  carotene. 

ANALYTICAL  PROCEDURE 

Weigh  into  250-ml.  ground-glass-stoppered  Erlenmeyer  flasks 
0.5  to  5.0  grams  of  the  finely  divided  sweet  potato  or  sweet  potato 
product.  A  food  chopper  provides  a  convenient  method  for  grind¬ 
ing  the  sample.  A  portion  of  the  ground  sample  from  the  chopper 
should  be  retained  for  moisture  determination.  The  sample  size 
will,  of  course,  depend  upon  the  expected  carotene  content.  The 
final  solution  should  contain  approximately  2  mg.  of  carotene  per 
liter  for  measurement  through  a  1-cm.  cell.  For  fresh  sweet 
potatoes  a  5-gram  sample,  for  dehydrated  sweet  potatoes  a  2.5- 
gram  sample,  and  for  the  high  carotene-containing  coagulum 
described  elsewhere  ( 1 )  a  0.5-gram  sample  will  be  satisfactory. 
If  the  sample  is  dehydrated,  reconstitution  by  boiling  in  the 
Erlenmeyer  flask  for  30  minutes  with  about  40  ml.  of  water  should 
precede  the  extraction. 

Add  100  ml.  of  cold  95%  ethyl  alcohol  to  the  Erlenmeyer  flask 
and  extract  the  carotene  by  shaking  with  a  mechanical  shaker  for 
30  minutes.  Filter  the  extract  through  a  sintered-glass  funnel, 
using  vacuum.  Use  90%  methyl  alcohol  followed  by  a  small 
quantity  of  iso-octane  to  effect  the  transfer  from  the  flask  to  the 
funnel.  ‘  Wash  the  solid  material  on  the  sintered-glass  funnel  with 
small  portions  of  the  same  two  solvents.  Transfer  the  filtrate 
quantitatively  to  a  separatory  funnel. 

Grind  in  a  mortar  to  a  fine  powder  the  solid  material  remaining 
on  the  sintered-glass  funnel  and  re-extract  as  before  with  ethyl 
alcohol.  Continue  the  extraction  until  a  colorless  extract  is  ob¬ 
tained  and  the  residue  is  snow-white.  Usually,  a  second  extrac¬ 
tion  is  sufficient  for  a  fresh  sweet  potato.  For  a  dehydrated 
sample  a  third  extraction  may  be  required,  while  a  very  high- 
carotene  coagulum  may  require  additional  extractions. 

Add  100  ml.  of  water  and  2  to  3  grams  of  sodium  chloride  to  the 
separatory  funnel  containing  the  combined  extracts.  Shake,  and 
when  the  two  phases  have  separated,  transfer  the  alcohol-water 
layer  to  a  second  separatory  funnel.  Extract  this  solution  with 
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Table  I.  Comparison  of  Alcoholic  Potassium  Hydroxide  Refluxing 
and  Cold  Alcohol  Shaking  Methods  for  Extraction  of  Carotene 


Carotene  Content, 

Carotene  Content, 

Alcoholic  Potassium 

Cold  Alcohol 

Sample  No. 

Hydroxide  Refluxing 

Shaking 

Mg. /kg. 

Mg. /kg. 

1 

110.0 

125.0 

2 

116.5 

127.5 

3 

32.8 

36.0 

4 

142.1 

164.7 

5 

159.0 

198.0 

6 

91.5 

115.0 

7 

98.8 

112.5 

a  25-  to  30-ml.  portion  of  iso-octane,  adding  the  iso-octane  layer 
to  the  first  separatory  funnel.  Continue  this  partition  with 
fresh  portions  of  iso-octane  until  the  iso-octane  remains  colorless, 
combining  these  extracts  in  the  first  separatory  funnel. 

Filter  the  iso-octane  solution  through  anhydrous  sodium  sul¬ 
fate  and  then  pour  the  entire  solution,  or  an  aliquot  thereof, 
through  an  adsorption  column  of  dicalcium  phosphate  and  Dyno, 
‘previously  prepared  by  the  methods  described  by  Moore  {14). 
Collect  the  filtrate  from  the  column  in  a  volumetric  flask.  Wash 
the  column  with  iso-octane  and  dilute  the  filtrate  to  a  volume  con¬ 
taining  approximately  2  mg.  per  liter  for  measurement  through  1- 
cm.  cells.  Use  correspondingly  more  dilute  solutions  if  longer 
cells  are  used.  Measure  the  optical  density  of  this  solution  in  a 
spectrophotometer  at  450  and  476  m  i.  Calculate  the  carotene 
content  of  the  sample  from  the  equations: 

„  ,  .  optical  density  at  450  m  i  v ,  1,000,000 

Carotene,  mg.  per  kg.  =  — - s.v -  X  - - j - 

lio  cL 

„  .  optical  density  at  476  m  i  1,000,000 

Carotene,  mg.  per  kg.  =  — - -  X  — c{ - 

where  c  is  the  concentration  of  the  sample  in  the  final  aliquot 
measured,  expressed  in  grams  per  liter,  and  l  is  the  length,  in  cen¬ 
timeters,  of  the  absorption  cell  used  for  the  measurements. 
Report  the  average  of  the  twTo  calculations,  which  should  not 
vary  by  more  than  0.2  to  0.3%,  as  the  carotene  content  of  the 
sample. 


EXTRACTION  OF  CAROTENE 

A  complete  extraction  of  the  unchanged  carotene  must  be  ef¬ 
fected  for  a  satisfactory  determination  of  carotene  in  the  sweet 
potato.  The  hot  alcoholic  potash  extraction  procedure  of  Peter¬ 
son,  Hughes,  and  Freeman  {18),  based  on  the  earlier  work  of 
Willstatter  and  Stoll  (26)  and  of  Guilbert  ( 8 ),  has  probably  been 
the  basis  for  the  most  commonly  used  procedure.  It  has  been 
shown  by  Lease  and  Mitchell  {11)  and  confirmed  by  Fraps, 
Meinke,  and  Kemmerer  (5)  that  in  the  saponification  step  the 
alcoholic  potash  reacts  with  the  sweet  potato  substance,  yielding 
a  resinous  material  from  which  the  carotene  can  be  extracted  only 
with  difficulty,  and  then  never  completely.  It  is  well  known  that 
carotene  is  isomerized  by  alkalies.  Carter  and  Gillam  {8)  and 
Zechmeister  and  Tuzson  {29)  have  shown  clearly  that  heating 
solutions  containing  carotenes  will  also  cause  considerable  isom¬ 
erization.  It  is,  therefore,  essential  for  a  satisfactory  deter¬ 
mination  of  carotene  in  the  sweet  potato  that  a  complete  ex¬ 
traction  of  the  unchanged  carotene  be  carried  out  without  sa- 
ponificatioti  and  without  heating.  Of  various  solvents  tested  for 
their  relative  efficiency  in  the  extraction  of  carotene  in  the  cold, 
ethyl  alcohol  (95%)  proved  the  most  satisfactoiy.  This  is  the 
solvent  used  by  Lease  and  Mitchell  {11)  and  recently  recom¬ 
mended  by  the  Association  of  Official  Agricultural  Chemists  in 
proposed  changes  to  make  their  method  for  crude  carotene  in 
dried  hays  applicable  to  sweet  potatoes  {10).  To  permit  simul¬ 
taneous  extraction  of  from  6  to  12  samples,  a  mechanical  shaker  was 
preferable  to  Waring  Blendors.  In  the  procedure  recommended 
the  solution  from  the  last  extraction  should  be  colorless  and  the 
residues  should  be  snow-white.  (In  the  extraction  of  carotene 
from  sweet  potato  material  by  saponification  methods  a  white 
residue  cannot  be  obtained.)  Any  chlorophyll  retained  in  the 
solution  will  be  removed  in  the  purification  step.  Values  for 


carotene  obtained  from  the  same  samples  by  the  saponification 
and  by  the  cold  alcohol  extractions  are  compared  in  Table  I. 
The  purification  and  method  of  final  evaluation  were  identical. 

PURIFICATION  OF  EXTRACTED  CAROTENE 

The  two  general  methods  by  which  the  iso-octane  solution  may 
be  purified  by  removal  of  other  carotenes,  carotenoid  pigments, 
and  chlorophyll  are  phasic  and  chromatographic  separations. 
Independent  experiments  described  by  many  workers  have 
shown  clearly  that  phasic  separations  are  not  quantitative  (4, 13). 
The  use  of  chromatographic  techniques  has  been  studied  by 
many  and  summarized  by  Zechmeister  (27)  and  by  Zechmeister 
and  Cholnoky  (28).  Complete  chromatographic  analysis  in¬ 
volving  the  separation  of  the  various  isomers  is  not  practical  for 
routine  analytical  procedures  (16).  It  is  preferable  that  the  ad¬ 
sorbent  retain  noncarotene  impurities  and  permit  the  carotene 
in  solution  to  pass  through  the  column,  completely  purified  and 
ready  for  final  spectrophotometric  measurement.  This  require- 
ment  is  met  in  the  so-called  liquid  chromatographic  column  tech¬ 
nique  of  Zechmeister  (27).  Study  of  many  adsorbents  led  to 
the  selection  of  dicalcium  phosphate,  recommended  by  Moore 
(13).  For  reasons  given  below,  petroleum  ether  solvents  or  the 
so-called  “pure”  hexanes  and  heptanes  obtained  from  them,  were 
considered  unsatisfactory  for  the  spectrophotometric  measure¬ 
ments,  and  purified  2,2,4-trimethylpentane,  or  iso-octane,  was 
selected. 

In  purifying  the  carotene  solution  by  use  of  the  dicalcium  phos¬ 
phate  column,  the  chlorophyll,  if  present,  is  adsorbed  as  a  green 
band  near  the  top  of  the  column,  the  various  noncaroteDe  carot¬ 
enoids  appear  as  poorly  defined  bands  throughout  the  middle 
of  the  column,  and  the  purified  carotene  passes  through  the 
column.  Table  II  compares  values  for  /3-carotene  from  the  same 
samples  when  the  purification  was  made  by  the  phasic  separation 
and  when  it  was  made  by  chromatographic  adsorption.  The 
methods  of  extraction  and  final  measurement  of  the  purified 
solutions  were  identical. 


WAVt  LENGTH  (mp) 

Figure  1.  Molecular  Extinction  Curve  of  Pure  /3-Carotene  in 
Carbon  Disulfide 

O  /3-Carotene  prepared  and  measured  In  the  Southern  Regional  Research 
Laboratory 

0  /3-Carotene  prepared  and  measured  by  Smith  (23) 
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Figure  2.  Molecular  Extinction  Curve  of  Pure  a-Carotene  in 
Carbon  Disulfide 


tion  of  spectrophotometers,  with  the  curves  obtained  by  Weigert 
{25)  and  by  Smith  {23)  and  a  comparison  of  the  transmission 
curve  of  a  Corning  didymium  filter  glass,  CG  No.  512,  at  a  con¬ 
stant  effective  slit  width  of  5  mu,  with  the  transmission  curve  of 
the  identical  glass  obtained  from  a  General  Electric  recording 
spectrophotometer  at  the  National  Bureau  of  Standards. 

Test  of  linearity  of  over-all  response  was  made  by  plotting 
brightness  measurements  in  foot-candles,  as  obtained  by  use  of  a 
small  spot  photometer,  against  intensities  as  read  from  the  gal¬ 
vanometer  of  the  spectrophotometer.  Test  for  constancy  of  the 
intensity  ratios  was  made  by  measuring  the  initial  intensity  and 
the  transmitted  intensity  of  a  neutral  glass  filter  over  a  series  of 
varying  original  intensity  levels.  Both  tests  show  that  the  re¬ 
sponse  of  the  instrument  is  strictly  linear  and  reliable  only  when 
galvanometer  deflections  are  more  than  2  cm.  Consequently, 
in  all  studies  reported  in  this  paper  the  carotene  samples  were  di¬ 
luted  until  suitably  large  deflections  for  accurate  measurement 
were  obtained.  A  suitable  concentration  is  about  2  mg.  per  liter, 
when  1-cm.  absorption  cells  are  used. 

Purification  of  Solvents.  The  hydrocarbon  and  petro¬ 
leum  ether  solvents  were  purified  by  adsorbent  methods  employ¬ 
ing  chromatographic  columns  of  silica  gel  as  described  by  Graff, 
O’Connor,  and  Skau  {6).  The  carbon  disulfide  was  purified  by 
the  methods  described  by  Obach  {17)  and  by  Sameshima  {20). 

Purification  of  Crystalline  Carotene.  The  pure  a-  and 
/3-carotenes  obtained  from  the  S.M.A.  Corporation  were  repuri¬ 
fied  by  repeatedly  subjecting  petroleum  ether  solutions  to  chro¬ 
matographic  purification  through  aluminum  oxide  columns,  re¬ 
crystallizing  from  95%  ethyl  alcohol  and  dioxane,  and  carefully 
drying  over  phosphorus  pentoxide.  These  procedures  were  con¬ 
tinued  until  no  increase  in  the  magnitude  of  the  absorption  co¬ 
efficients  was  observed  and  the  measured  values  agreed  with 
those  reported  in  the  literature.  The  finally  purified  carotenes 
gave  single-banded  adsorption  on  alumina  columns  and  no  ad¬ 
sorption  on  dicalcium  phosphate  columns. 


O  a-Carotene  prepared  and  measured  in  the  Southern  Regional  Research 
Laboratory 

9  a-Carotene  prepared  and  measured  by  Smith  (23) 


ble  II.  Comparison  of  Phasic  Separation  and  Chromatographic 
Column  Methods  of  Purification  of  Extracted  Carotene  Samples 


Carotene  Content, 


Carotene  Content, 

Chromatographic 

Sample  No. 

Phasic  Separation 

Purification 

Mg. /kg. 

Mg. /kg. 

1 

176.7 

160.0 

2 

46.3 

36.3 

3 

20.5 

15.5 

4 

50.0 

40.0 

5 

65.0 

53.8 

6 

450.0 

435.0 

7 

950.0 

900.0 

SPECTROPHOTOMETRIC  MEASUREMENT  OF  PURIFIED  CAROTENE 

Spectrophotometric  methods,  when  properly  used  for  the  quan- 
tative  evaluation  of  the  concentration  of  a  substance  in  solu- 
on,  are  more  sensitive,  more  precise,  and  more  accurate  than 
sual  or  photoelectric  methods.  In  using  spectrophotometric 
ethods,  certain  precautions  must  be  observed  rigidly.  The 
lectrophotometer  must  provide  adequate  spectral  isolation  and 
3  capable  of  permitting  reproducible  and  accurate  measurements 
'  extinction  coefficients.  The  solutions  must  be  purified  of  sub- 
ances  having  interfering  absorption.  The  solvent  selected  and 
sed  must  be  reproducible  in  purity  and  composition.  The  ex¬ 
action  coefficients,  at  appropriately  selected  wave-length  posi- 
ons  of  characteristic  adsorption,  must  be  carefully  determined 
om  the  most  highly  purified  standards  obtainable. 

Calibration  of  Spectrophotometer.  The  Cenco-Sheard 
lectrophotelometer  used  in  these  investigations  was  equipped 
ith  an  aluminum  replica  grating  to  provide  a  smooth  over-all 
isponse.  The  wave-length  drum  readings  were  calibrated  by 
isual  observation  of  the  atomic  lines  from  an  A-H-4  mercury 
apor  lamp,  and  adjustments  made  in  the  positioning  of  the  grat- 
lg  until  agreement  between  the  drum  readings  and  true  wave 
*ngth  of  the  mercury  lines  averaged  within  0.3  to  0.4  m' ..  Fur- 
ler  checks  which  assured  satisfactory  performance  of  the  instru- 
lent  included  a  comparison  of  the  absorption  curve  of  an  equi- 
lolecular  mixture  of  potassium  chromate  and  cupric  sulfate 
entahydrate,  the  solution  proposed  by  Weigert  {25)-  for  calibra- 


In  Figure  1  the  logarithm  of  the  molecular  extinction  coefficient 
(extinction  coefficient  times  molecular  weight,  or  logarithm 
ET cm!)  is  plotted  against  the  wave  length  in  millimicrons.  This 
figure  shows  the  excellent  agreement  between  the  data  for  the  /3- 
carotene  purified  in  this  manner  and  those  obtained  by  Smith 
{23).  Figure  2  shows  similar  agreement  for  a-carotene,  which 
was  purified  in  an  identical  manner. 

Solvent  Effects.  The  widely  used  procedure  of  Peterson, 
Hughes,  and  Freeman  {18)  employs  a  spectrophotometer  for 
the  final  measurement  of  the  carotene  solution.  Optical  density 
measurements  are  made  at  450,  470,  and  480  van.  Through  the 
use  of  recommended  extinction  coefficients  given  in  Table  III 
for  a  choice  of  three  solvents,  these  absorption  measurements  are 
converted  into  concentration  of  carotene  by  use  of  the  Beer- 
Lambert  law.  It  has  been  observed  by  others  {10,  15)  that  this 
method  does  not  yield  reproducible  results,  particularly  when 
studied  in  collaborative  work.  The  same  value  for  the  carotene 
content  is  not  obtained  when  measurements  are  made  at  the 
•specified  wave  lengths,  with  the  specified  solvents.  With  care¬ 
fully  purified  carotenes  the  extinction  coefficients  are  consider¬ 
ably  different  from  those  recommended.  Spectrophotometric 
curves  of  the  purified  carotene  in  any  of  the  recommended  sol¬ 
vents  (Table  III)  show  no  apparent  reason  for  the  selection  of  the 
particular  wave  lengths  for  measurement  of  the  concentration. 
It  is  reasonable  to  postulate,  and  will  be  proved  by  experiments, 
that  these  discrepancies  are  due  primarily  to  a  shift  in  character¬ 
istic  absorption  occasioned  by  differences  in  solvents  actually 
used  and  not  due  to  instrumentation  errors  nor  to  impurities. 


Table  III.  Extinction  Coefficients  for  d-Carotene  (78) 


80%  Ethyl  Ether  Petroleum  Ether  Skellysolve  B 
20%  Etflyl  Alcohol  (B.p.  40-60°  C.),  (B.p.  60-70°C.), 

Wave  Length  Miller  (12)  Seibert0  Authors** 


4500 

247 

4550 

243 

4700 

210 

4800 

221 

243 

238 

231 

227 

207 

200 

212 

212 

°  Coefficients  obtained  from  H.  F.  Seibert,  S.M.A.  Corporation,  Cleveland, 
Ohio,  and  checked  by  authors. 

b  Skellysolve  B,  a  special  commercial  grade  of  petroleum  ether,  can  be 
successfully  substituted  for  petroleum  ether  (b.p.  40°  to  60°  C.)  in  the 
modified  method  described. 
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These  discrepancies  are  not  due  to  instrument  performance  or 
calibration,  as  they  are  observed  after  tests  described  above  have 
shown  the  performance  of  the  spectrophotometer  used  to  be  sat¬ 
isfactory. 

The  influence  of  impurities  in  the  extracted  carotene  in  causing 
the  shift  of  wave-length  positions  of  characteristic  absorption 
can  be  shown  to  be  insignificantly  small.  The  extracted  caro¬ 
tene  purified  by  the  adsorption  method  described  and  by  the 
phasic  separation  and  the  crystalline  ^-carotene  repurified  by 
the  exhaustive  process  outlined,  all  contain  varying  amounts  of 
impurities.  The  crystalline  /3-carotene  is  probably  very  pure 
(compare  Figure  1).  The  extracted  caiotene  purified  by  ad¬ 
sorption  contains  only  isomers  of  /3-carotene,  while  that  purified 
by  phasic  separation  undoubtedly  contains  other  noncarotene 
carotenoids  as  well.  When  these  three  preparations  are  dis¬ 
solved  in  either  of  the  hyrocarbon  solvents  recommended  by 
Peterson,  Hughes,  and  Freeman  (18)  identical  absorption  curves, 
as  regards  the  wave-length  position  of  characteristic  absorption, 
are  obtained.  When  they  are  dissolved  in  the  second  hydrocar¬ 
bon  solvent  again  identical  absorption  curves  are  obtained,  which 
differ,  however,  considerably  from  the  first  set  of  curves.  '  The 
fact  that  the  three  preparations  give  identical  curves  in  the  same 
solvent  shows  that  impurities  are  not  responsible  for  the  shift  of 
characteristic  absorption.  The  fact  that  different  curves  are 
obtained  in  the  two  hydrocarbon  solvents  is  indicative  of  a  solvent 
effect.  Furthermore,  the  repurified  carotene  in  the  hydrocarbon 
solvent  does  not  give  a  curve  which  agrees  with  that  given  by 
Peterson,  Hughes,  and  Payne  (19).  However,  the  same  caro¬ 
tene  in  carbon  disulfide  gives  a  curve  which  agrees  exactly  with 
the  one  observed  by  Smith  (23).  This  is  again  an  indication  of 
solvent  effect. 

Moore  (13)  has  shown  that,  by  careful  chromatographic  sepa¬ 
ration  on  dicalcium  phosphate  columns,  a  nutnber  of  unnamed 
noncarotene  carotenoids  can  be  removed  from  the  /3-carotene 
extracted  by  the  phasic  separation.  These  experiments  have 
been  confirmed  here.  As  these  impurities  resemble  a-carotene 
in  absorption  properties,  the  contamination  of  pure  /3-carotene 
with  a-carotene  should  approximate,  qualitatively  at  least,  the 
effect  produced  by  impurities.  Hence,  to  samples  of  the  purified 
/3-carotene,  various  amounts  of  a-carotene  wrere  added.  Table 
IV  showrs  the  effects  of  a-carotene  upon  the  absorption  of  /3-caro-  . 
tene.  The  maximum  difference  in  the  wave-length  position  of 
maxima  and  minima  of  the  two  pure  pigments  is  about  5  m/i. 
The  50%  alpha-50%  beta  mixture  is  found  to  have  absorption 
maxima  and  minimum  about  midway  between  the  corresponding 
points  of  the  pure  components,  about  2  to  3  m/i  from  either, 
while  25%  of  alpha  changed  the  absorption  position  of  the  pure 
/3-carotene  by  only  a  little  over  1  m/i.  Consequently,  the  effect 
of  less  than  25%  a-carotene  or  alpha-like  absorbing  impurities  in 
/3-carotene  wrould  be  to  produce  a  shift  in  the  absorption  spectra 
of  the  latter  by  an  amount  undetectable  with  the  usual  photo¬ 
electric  spectrophotometer.  But  the  difference  in  absorption 
positions  between  the  petroleum  ether  solution  of  carotene  pre¬ 
pared  in  this  laboratory  and  that  apparently  used  as  a  basis  for 
obtaining  the  extinction  coefficients  in  this  solvent  is  about  5  m/i. 
The  magnitude  of  the  shift  cannot  be  accounted  for  by  contam¬ 
ination  of  the  extracted  /3-carotene  by  small  amounts  of  alpha¬ 
like  absorbing  carotenes  and  non  carotene  carotenoid  impurities. 


Table  IV.  Effect  of  a-Carotene  upon  the  Wjve-Length  Position  of 
the  Absorption  of  /3-Carotene  in  Iso-octane  Solution 


Carotene  Mixture 


%  Beta 

%  Alpha 

m/i 

Maxima 

mil 

Minimum 

mil 

100 

0 

450 

•  476 

465 

90 

10 

449 

475 

465 

75 

25 

448 

474 

464 

50 

50 

447 

474 

462 

25 

75 

446 

473 

462 

0 

100 

444 

473 

460 

It  must  be  recognized  that  petroleum  ethers  are  actually  mix 
tures  of  straight-chain,  iso,  and  cyclic  hydrocarbons  and,  al 
though  prepared  under  rigidly  specified  procedures,  may  van 
greatly  in  performance  as  spectrophotometric  solvents.  Gris 
wold  and  co-workers  (7)  have  shown  the  impossibility  of  prepar 
ing  a  truly  pure  hydrocarbon  from  such  mixtures. 

The  importance  of  solvent  in  the  study  of  the  spectral  absorp 
tion  of  carotenoids  has  been  emphasized  by  others.  Carter  am 
Gillam  (3)  showed  the  wide  spectral  range  over  which  the  posi 
tions  of  maximum  absorption  shift  with  the  use  of  different  frac 
tions  of  petroleum  ether.  Zscheile  et  al.  (30)  report  inability  t< 
obtain  reproducible  results  with  petroleum  ether  fractions  dis 
tilling  over  a  range  of  20  °  C. 

In  the  present  investigations  a  commercial  petroleum  ethe 
(Skellysolve  F)  was  subjected  to  a  careful  fractionation  and  tb 
absorption  of  the  repurified  a-  and  /3-carotenes  was  measured  b 
each  fraction.  The  wave-length  positions  of  maxima  and  mini 
mum,  tabulated  in  Table  V,  show  that  a  maximum  shift  of  wave 
length  positions  of  6  mp  occurred  between  the  first  and  fiftl 
fractions.  The  variations  in  the  composition  of  the  hydro 
carbon  mixtures  produced  a  shift  in  the  absorption  spectra  of  th 
carotenes,  so  that  the  extinction  values  at  specified  wave  length 
are  greatly  affected.  Particularly  when  measurements  for  th 
determination  of  total  carotene  are  made  at  positions  other  thai 
across  the  rather  broad  maxima,  such  as  at  the  points  of  inter 
section  of  the  alpha  and  beta  absorption  curves,  which  may  occu 
on  rather  steep  portions  of  the  curves,  a  shift  in  the  position  o 
the  absorption  will  produce  a  considerable  error  in  the  quantita 
tive  measurement.  For  example,  from  an  absorption  curv 
for  /3-carotene  in  a  petroleum  ether  fraction,  the  extinction  co 
efficient  at  485  m/i  is  160,  at  480  m/i  it  is  204,  while  at  490  m/i  i 
is  only  120.  Hence,  any  change  in  the  character  of  the  solvent 
such  as  a  use  of  a  different  petroleum  ether  fraction  wrhich  wil 
produce  a  shift  in  the  bands  as  much  as  5  m/i,  can  affect  the  valu 
of  the  extinction  coefficient  at  the  predescribed  wave-length  po 
sition  to  the  extent  that  quantitative  measurement  is  meaning 
less.  Fractions  which  introduce  smaller  wave-length  change 
still  introduce  serious  error  in  any  quantitative  determination. 


Table  V.  Wave-Length  Positions  of  Maxima  and  Minimum  c 
Absorption  of  Carotenes  in  Petroleum  Ether  and  Petroleum  Ethc 

Fractions 


Petroleum  Ethers  and 

0-Carotene 

a-Carotene 

Boiling  Ranges 

Maxima 

Minimum 

Maxima 

Minimum 

mil 

mil 

mil 

mil 

Skellysolve  F,  A.S.T.M., 

448 

464 

444 

458 

30°-60°  C. 

474 

470 

Fraction  30°-35°  C. 

446 

462 

442 

456 

472 

469 

Fraction  35°-40°  C. 

447 

464 

444 

458 

474 

47-0 

Fraction  40°-55°  C. 

450 

465 

445 

459 

475 

471 

Fraction  55o-60°  C. 

452 

466 

446 

460 

476 

472 

Skellysolve  B,  A.S.T.M., 

450 

466 

445 

459 

60°-70°  C. 

476 

472 

To  illustrate  the  effect  of  the  use  of  varying  solvents  upon  th 
determined  value  of  the  carotene  concentration,  a  sample  of  th 
very  carefully  purified  and  dried  /3-carotene  was  divided  int 
numerous  portions  and  dissolved  in  the  petroleum  ethers,  Skelly 
solves,  fractions  from  Skellysolve  F,  and  other  solvents  for  whic 
extinction  coefficients  for  /3-carotene  are  available.  For  compari 
son,  extinction  coefficients  in  iso-octane  (recommended  later)  wer 
included.  The  concentration  of  the  /3-carotene  in  each  solutio 
was  then  determined.  The  results  are  tabulated  in  Table  VI 
Use  of  the  petroleum  ether  solvents  and  the  corresponding  cc 
efficients  results  in  an  error  of  approximately  5  to  6%  of  the  care 
tene  content.  From  the  data  obtained  for  the  five  fractions  c 
Skellysolve  F,  with  the  use  of  the  petroleum  ether  coefficients  fc 
Skellysolve  F,  it  wall  be  noted  that  the  value  for  the  35°  to  40°  ( 
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Table  VI. 

Influence  of  Solvent  on 

the  Spectrophotometric  Estimation  of  /3-Carotene 

Measured  Carotene  Content 

Source 

Extinction 

A 

B 

C 

Extinc- 

Extinc- 

Extinc- 

Weighed 

o-  /] 

Wave 

tion  coef- 

Caro- 

Wave 

tion  coef- 

Caro-  Wave 

tion  coef- 

Caro- 

Average 

Carotene 

Solvent 

E  f'/L 

1  cm. 

length 

ficient 

tene 

length 

ficient 

tene  length 

ficient 

tene 

carotene 

Content 

crepancy 

mp 

Mg. /I. 

m\i 

Mg. /I.  mix 

Mg./l. 

Mg./l. 

Mg./l. 

% 

Petroleum  Ethers  and  Their  Fractions  with  A.O.A.C.  Coefficients 

ellvsolve  F,  A.S.T.M., 

30-60°  C. 

(18) 

450 

243 

1.38 

470 

207 

1 . 43  480 

212 

1.29 

1.37 

1.43 

4  2 

Fraction  30-35°  C. 

(18) 

450 

243 

1.54 

470 

207 

1 . 65  480 

212 

1.45 

1 . 55 

1 .61 

3  7 

Fraction  35-40°  C. 

(18) 

450 

243 

1.34 

470 

207 

1.40  480 

212 

1.27 

1.34 

1.36 

1  5 

Fraction  40-55°  C. 

(18) 

450 

243 

1.39 

470 

207 

1.40  480 

212 

1.37 

1 .39 

1.51 

8  0 

Fraction  55-60°  C. 

(18) 

450 

243 

1.48 

470 

207 

1.51  480 

212 

1.43 

1.47 

1.60 

8  2 

Fraction  55-60°  C. 

(18) 

450 

238 

1.53 

470 

200 

1 . 56  480 

212 

1.43 

1.51 

1.60 

5  6 

ellvsolve  B,  A.S.T.M., 

60-70°  C. 

'  (18) 

450 

238 

1.61 

470 

200 

1 . 64  480 

212 

1.56 

1.60 

1.70 

5.9 

Other  Solvents  with  Extinction  Coefficients  from  the  Literature 

>octane° 

This  paper 

450 

245 

1.99 

476 

219 

2.00 

1  .995 

1 .994 

0  0 

irbon  disulfide  & 

(£3) 

484 

196 

2.03 

513 

174 

2.03 

2.030 

2.034 

0  2 

troleum  ether,  b.p.  40- 

55°  C.« 

(£1) 

447 

245 

1.85 

465 

200 

1.92  475 

211 

1.96 

1.910 

1.898 

0  6 

ixaned 

(30) 

450 

258 

1.40 

466 

206 

1.46  478 

228 

1.41 

1 . 423 

1 .462 

2  7 

;ptanee 

(££) 

455 

240 

1.34 

480 

210 

1.36 

1.350 

1.380 

2.2 

®  Rohm  &  Haas,  b.p.  98-99°  C.  Purified  by  adsorbent  method  ( 6 ). 
b  Purified  by  chemical  methods  (17,  20). 

c  Prepared  by  fractionation  from  Skellysolve  F.  Purified  by  adsorbent  method  (6). 
d  Eastman  Kodak  Co.  synthetic,  b.p.  68-69°  C.  Purified  by  adsorbent  method  (6). 

•  Eastman  Kodak  Co.  synthetic,  b.p.  98-98.5°  C.  Purified  by  adsorbent  method  (6). 


action  is  in  rather  good  agreement  with  the  correct  concentra- 
on.  The  lower  boiling  fraction  shows  a  somewhat  poorer 
jreement.  With  the  higher  boiling  fractions  agreement  is  very 
oor.  Better  values  are  obtained  from  the  55  °  to  60°  C.  fraction 
F  Skellysolve  F  when  the  coefficients  for  Skellysolve  B  are  used. 

When  the  pure  /3-carotene  is  analyzed  from  solutions  in  iso- 
ctane  with  the  coefficients  recommended  in  Table  VII,  in  carbon 
isulfide  with  coefficients  from  Smith  (23),  and  in  a  petroleum 
ther  fraction  from  coefficients  furnished  by  Seibert  (21),  very 


Figure  3.  Molecular  Extinction  Curves  of  Pure 
a-  and  Pure  /3-Carotenes  in  2,2,4-Trimethylpen- 
tane  (Iso-octane) 


0  a-Carotene  A  (9-Carotene 


good  agreement  with  the  true  concentrations  is  obtained.  Use  of 
Eastman  Kodak  Company  synthetic  hexane  and  heptane  with 
coefficients  from  Zscheile  (30)  and  Shrewsbury  (22),  respectively, 
yields  carotene  values  somewhat  too  low.  The  hexane  used  by 
Zscheile  (30)  was  obtained  from  petroleum  ether  and  boils  from 
65°  to  67°  C.  The  maxima  of  /3-carotene  in  this  solvent  were 
reported  at  450  and  478  mu.  The  hexane  used  in  this  laboratory 
is  a  synthetic  product  boiling  from  68°  to  69°  C.  and  the  /3-caro¬ 
tene  maxima  were  observed  at  448  and  476  m/i.  The  heptane  used 
here  was  also  a  synthetic  product,  boiling  from  98°  to  98.5°  C., 
and  the  maxima  for  /3-carotene  were  found  at  453  and  478  m/u. 
Shrewsbury  (22)  does  not  describe  his  heptane  but  reports  ab¬ 
sorption  maxima  at  455  and  480  mu.  Consequently,  the  2  to 
3%  discrepancies  between  the  determined  values  of  the  /3-caro- 
tene  concentration  and  true  values  in  these  two  solvents  may 
be  due  to  slight  solvent  effects. 

The  conclusion  which  can  be  obtained  from  the  data  given  in 
Table  VI  is  that  very  accurate  determination  of  carotene  by  use 
of  spectrophotometric  measurements  and  published  extinction 
coefficients  can  be  obtained  only  if  an  exact  description  of  the 
solvent  in  which  they  w'ere  measured  is  given  and  if  that  identical 
solvent  is  used. 

Improved  Procedure.  To  provide  a  method  for  the  final 
determination  of  carotene  by  spectrophotometric  measurement 
of  the  absorption  of  a  prepared  solution  of  the  sample,  and  cal¬ 
culation  of  the  concentration,  by  the  use  of  Beer’s  law,  from  co¬ 
efficients  provided,  a  solvent  which  can  be  duplicated  exactly  in 
other  laboratories  must  be  selected.  Petroleum  ether  fractions 
cannot  be  used  with  satisfaction.  Griswold  and  his  co-wrorkers 
(7)  have  shown  the  presence  of  a  large  number  of  compounds  in 
the  petroleum  ether  fractions  commonly  used,  and  the  impossi¬ 
bility  of  obtaining  pure  straight-chain  hydrocarbons  by  fractiona¬ 
tion.  Commercially  pure  hexane  and  heptane  have  been  sug¬ 
gested  as  solvents  in  the  analysis  for  carotene  (22,  30),  but  these 
are  recognized  as  mixtures. 

Iso-octane  (2,2,4-trimethylpentane),  the  synthetic  hydrocarbon 
introduced  as  a  solvent  in  spectrophotometry  by  Hogness  and 
co-workers  (9)  because  of  its  ease  of  purification,  was  selected. 
This  solvent  can  be  obtained  in  a  very  pure  state,  is  readily  avail¬ 
able,  and  its  cost  is  not  excessive.  In  Figure  3  the  spectral  ab¬ 
sorption  curves  of  the  pure  a-  and  /3-carotenes  in  iso-octane  are 
compared.  Table  VII  is  a  tabulation  of  data  from  the  absorption 
curves  of  the  two  carotenes  in  iso-octane  solution.  For  the  de¬ 
termination  of  /3-carotene  in  a  solution  free  from  all  interfering 
carotenoids,  as  prepared  by  the  methods  described  earlier,  meas- 
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urements  at  450  and  476  m/j,  peaks  of  the  /3-carotene  bands,  and 
use  of  the  corresponding  extinction  coefficients,  245  and  219, 
respectively,  permit  a  very  accurate  determination. 

The  method  described  has  been  used  for  the  analyses  of  hun¬ 
dreds  of  samples  of  fresh  and  dehydrated  sweet  potatoes  and  of 
various  sweet  potato  products.  Table  VIII  shows  representative 
results  over  the  vide  range  of  concentrations  encountered  in  the 
analyses  of  these  materials.  The  analysis  of  a  carefully  purified 
carotene  by  the  complete  method  has  been  included  in  Table  VI. 
After  the  spectrophotometric  measurements  have  been  com- 


Table  VII.  Extinction  Coefficients  for  Determining  Carotenes  in 
2,2,4-Trimethylpentane  (Iso-octane) 


Extinction 

Wave 

Coefficient 

^g./i. 

1  cm. 

Carotene 

Length 

Absorption 

771/Z 

I. 

Pure  a-carotene 

444 

252 

Maximum 

473 

234 

Maximum 

II. 

Pure  /3-carotene 

450 

245 

Maximum 

476 

219 

Maximum 

III. 

Total  (crude)  carotene 

449 

242 

Equality 

465 

202 

Equality 

477 

218 

Equality 

IV. 

j3-Carotene  in  the  presence  of 

460 

Alpha  182 

Maximum 

alpha  or  alpha-like  absorb¬ 
ing  impurities 

486 

Beta  214 

Difference 

Alpha  110 

Maximum 

Beta  176 

Difference 

Table  VIII.  Analyses  of  Sweet  Potatoes  and  Various  Sweet  Potato 
Products  by  Proposed  Method 


Carotene  Content 


Sample  No.  and 

Determina- 

Determina- 

Description 

tion  A  . 

tion  B 

Average 

Mg. /kg. 

Mg. /kg. 

Mg. /kg. 

Fresh  sweet  potato 

i 

49.0 

50.0 

49.5 

2 

37.5 

39.5 

38.5 

3 

51.0 

51.0 

51.0 

4 

45.0 

45 . 0 

45.0 

5 

45.0 

45 . 6 

45.3 

Sweet  potato  dried 

i 

164.0 

164.0 

164.0 

2 

135.0 

138.0 

136.5 

3 

145.0 

147.0 

146.0 

4 

153.0 

152.0 

152.5 

5 

161.0 

164.0 

162.5 

Dehydrated  sweet  potato  (immedi¬ 
ately  after  dehydration) 

i 

123.0 

121.0 

122.0 

2 

110.0 

112.0 

111.0 

3 

113.0 

113.0 

113.0 

4 

85.0 

87.5 

86.2 

5 

118.0 

118.0 

118.0 

Dehydrated  sweet  potato  (after  30 
days’  storage  under  air) 

i 

108.0 

110.0 

109.0 

2 

107.0 

111.0 

109  0 

3 

130.0 

127.0 

128.5 

4 

118.0 

118.0 

118.0 

5 

99.0 

100.0 

99.5 

Dehydrated  sweet  potato  (after  30 
days’  storage  under  CO*) 

i 

88.6 

88.6 

88.6 

2 

103.0 

103.0 

103.0 

3 

108.0 

106.0 

107.0 

4 

97.4 

98.  1 

97.8 

5 

103.0 

108.0 

105.5 

Sweet  potato  coagulum  from  starch 
plant  waste  water  (1) 

i 

730.0 

730.0 

730.0 

2 

1110.0 

1 1 10.0 

1110.0 

3 

590.0 

600.0 

595.0 

4 

450.0 

435.0 

442.5 

5 

888.0 

888.0 

888.0 

Sweet  potato  starch 

1 

0.6 

0.4 

0.5 

2 

Sweet  potato  pulp  dried  (after  re- 

2.4 

2.2 

2.3 

moval  of  starch  and  pectin) 

i 

32.0 

30.2 

31.1 

2 

22.5 

22.5 

22.5 

3 

36.7 

43.3 

40.0 

4 

50.8 

50.8 

50.8 

5 

26.2 

30.0 

28.1 

Residue  from  sweet  potato  starch 
plant  waste  after  removal  of 
coagulum 

i 

13.3 

10.8 

12.0 

Sweet  potato  pulp  residue 

i 

49.0 

50.0 

49.5 

2 

87.5 

87.5 

87.5 

3 

85.0 

85.0 

85.0 

4 

50.8 

50  8 

50.8 

5 

90.0 

100.0 

95.0 

pleted,  the  carotene  solutions  are  collected  for  recovery  of  th 
iso-octane  by  fractionation  and  chromatographic  purificatio 
( 6 ).  In  this  manner  the  same  supply  of  the  solvent  is  used  agai 
and  again  and  the  final  cost  of  the  solvent  is  even  less  than  whe 
petroleum  ether  fractions,  which  cannot  be  recovered  in  thi 
manner  without  considerable  change  in  character,  are  used. 


SUMMARY 

The  three  essential  steps  in  the  analysis  for  carotene — extractioi 
purification,  and  spectrophotometric  measurement — have  bee 
studied  in  detail  and  from  these  studies  a  modified  method  ha 
been  proposed  for  the  analysis  of  total  /3-carotene  in  sweet  pota 
toes  and  sweet  potato  products. 

It  has  been  shown  that  the  inconsistencies  noted  in  the  use  c 
published  extinction  coefficients  for  carotene  in  petroleum  ethe 
fractions  cannot  be  due  solely  to  the  presence  of  noncarotene  in 
purities  in  the  solutions  and  that  they  are  due  to  the  variabl 
character  of  these  mixed  solvents.  The  easily  purified  solver 
previously  introduced  into  spectrophotometry,  iso-octane  (2,2/ 
trimethylpentane),  has  been  proposed  for  use  in  carotene  analyst 
and  extinction  coefficients  in  this  solvent  have  been  furnished. 

Use  ef  the  proposed  method  has  been  illustrated  by  represents 
five  results  in  the  analysis  of  various  fresh  and  dehydrated  swe< 
potatoes  and  sweet  potato  products. 
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tudy  of  Millin  Technique  for  Determination  of  Carbon  and 

Hydrogen  in  Coal 

R.  J.  GRACE  AND  A.  W.  GAUGER,  Mineral  Industries  Experiment  Station,  The  Pennsylvania  State  College,  State  College,  Pa. 


:  Millin  technique  For  determination  of  carbon  and  hydrogen  in 
I  has  been  studied.  The  procedures  have  been  controlled  by 
lysis  of  pure  organic  compounds  and  the  technique  has  been 
nd  satisfactory  for  many  other  substances  that  are  amenable  to 
lysis  by  combustion. 

HE  purpose  of  the  work  described  in  this  paper  has  been  to 
verify  a  new  rapid  technique  first  described  by  Millin  (3) 
the  macrodetermination  of  carbon  and  hydrogen  in  coal, 
e  procedures  used  have  been  controlled  by  the  analysis  of  pure 
;anic  compounds,  and  the  technique  developed  has  been  found 
give  satisfactory  results  for  many  other  substances  which  are 
enable  to  analysis  by  combustion. 

Analysis  for  carbon  and  hydrogen  content  of  coal  requires  from 
o  2  hours  by  the  standard  A.S.T.M.  method  (D-271-44).  With 
;  Millin  procedure  results  for  bituminous  coal  and  anthracite 
■  available  in  25  and  45  minutes,  respectively.  The  essential 
ferences  between  the  method  described  by  Millin  and  that 
ommended  by  the  A.S.T.M.  are  in  the  rate  of  oxygen  flow, 
)  ml.  per  minute  in  the  former  and  3  bubbles  per  second  in  the 
ter,  and  the  substitution  of  silver  turnings  for  a  portion  of  the 
i>per  oxide  in  the  combustion  tube.  The  new  procedure  has 
m  adapted  for  use  with  standard  equipment  and  requires  only 
;  slight  modification,  noted  above,  from  standard  practice  in 
irging  the  combustion  tube. 

APPARATUS 

A  general  view  of  the  apparatus  used  is  shown  in  Figure  1; 
rts  indicated  by  numbers  are: 


5.  Ascarite  tube  for  absorption  of  carbon  dioxide 

6.  Anhydrone-phosphorus  pentoxide  tube  for  final  elimination 
of  water  vapor 

7.  Movable  heating  unit,  about  13  cm.  long,  which  serves  to 
heat  the  inlet  of  the  combustion  tube  and  the  boat  containing  the 
substance  being  analyzed,  operating  temperature  850°  to  900°  C. 

8.  Transparent  section  of  combustion  tube,  10  cm.  in  length 

9.  Movable  heating  unit,  33  cm.  in  length,  used  to  heat  the 
copper  oxide  wire  and  silver  turnings,  operating  temperature 
850°  C. 

10.  Stationary  furnace,  23  cm.  in  length,  used  for  heating  the 
lead  chromate  section,  operating  temperature  600°  C. 

1 1 .  Spun  copper  shield 

12.  Nesbitt  bulb  filled  with  Anhydrone 

13.  Nesbitt  bulb  filled  with  Ascarite 

The  fused  quartz  combustion  tube  used  in  this  work  (Figure  2) 
was  made  to  specifications  by  the  Amersil  Company,  Inc.,  Chest¬ 
nut  Avenue,  Hillside,  N.  J.  Its  most  convenient  feature  is  the 
10-cm.  clear  section  25  cm.  from  the  charging  end,  which  allows 
the  operator  to  observe  the  combustion  of  the  sample  during  the 
whole  course  of  the  determination.  The  reagents  in  the  tube  are 
separated  in  the  usual  manner  by  copper  screen  plugs.  The  mov¬ 
able  copper  oxide  spiral  at  the  entrance  end  is  also  fashioned  from 
copper  screening.  The  silver  used  is  in  the  form  of  turnings 
tamped  tightly  together. 

The  spun  copper  shield  over  the  exit  end  of  the  combustion  tube 
serves  to  conduct  heat  from  the  furnace  to  the  projecting  end  of 
the  tube,  thereby  eliminating  condensation  of  water  vapor. 

The  Nesbitt  bulbs  used  hold  about  75  grams  of  8  X  20  mesh 
Ascarite  and  are  usable  for  at  least  10  runs,  thus  allowing  ample 
excess  of  reagents  to  ensure  complete  absorption  of  the  carbon 
dioxide. 

Figure  2  illustrates  the  positions  and  lengths  of  packing  ma¬ 
terials  used. 

PROCEDURE 


1.  Needle  valve  and  gage  on  supply  tank  of  oxygen 

2.  Flowmeter 

3.  Preheating  furnace  filled  with  copper  oxide  wire,  operating 
nperature  850°  C. 

4.  Anhydrone  tube  for  absorption  of  water  vapor 


Figure  1 .  General  View  of  Apparatu* 


With  the  furnaces  at  their  operating  temperatures  the  com¬ 
bustion  train  is  tested  in  the  usual  manner  until  blanks  indicate 
the  apparatus  is  in  a  satisfactory  condition.  A  gain  of  not  more 
than  0.5  mg.  in  either  absorption  tube  is  considered  satisfactory. 
Newly  prepared  tubes  are  conditioned  by  burning  a  small  sample 

under  normal  operating  pro¬ 
cedure.  After  obtaining  satis¬ 
factory  conditions,  absorp¬ 
tion  tubes  12  and  13  are  at¬ 
tached  and  the  boat  contain¬ 
ing  the  sample  to  be  analyzed 
is  inserted  into  the  tube  and 
moved  to  the  clear  section, 
followed  by  the  copper  oxide 
wire  spiral.  F urnace  7,  which 
is  at  about  500°  C.,  is  at  the 
extreme  end  of  the  stand. 
The  oxygen  needle  valve,  1, 
is  adjusted  so  that  the  flow¬ 
meter  indicates  a  rate  of  100 
ml.  per  minute.  The  rheostat 
of  furnace  7  is  adjusted  so 
that  the  unit  will  operate  at 
850°  C.,  a  temperature  which 
it  attains  within  a  few 
minutes.  Furnace  7  is  slowly 
moved  up  to  the  boat  and 
within  10  minutes  will  have 
completely  covered  it.  After 
about  5  minutes  both  heaters 
7  and  9  are  pulled  to  the 
extreme  end  of  the  stand,  so 
that  furnace  7  is  in  its  original 
position  over  the  copper  oxide 
spiral  and  a  portion  of  heater 
9  is  over  the  clear  section 
containing  the  charge.  The 
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rheostat  on  heater  7  is  then  adjusted  to  its  original  temperature 
setting,  and  after  5  more  minutes,  heater  9  is  returned  to  its 
original  position  and  the  flow  of  oxygen  is  continued  for  another 
5  minutes.  At  the  end  of  this  time  (total  of  25  minutes)  the  ab¬ 
sorption  tubes  are  shut  off  under  pressure  and  then  the  flow  of 
oxygen  is  cut  off.  A  blowout  tube,  not  indicated,  which  auto¬ 
matically  controls  the  maximum  pressure  in  the  system  makes  this 
last  step  possible;  it  also  prevents  the  manometer  fluid  from 
being  forced  into  the  train  in  event  of  misadjustment  of  the  needle 
valve. 

At  the  completion  of  the  above  steps  the  absorption  tubes  are 
placed  near  the  balance  and  the  train  is  ready  for  the  next  run. 
The  tubes  are  allowed  to  cool  to  balance  temperature,  vented  to 
the  atmosphere  for  a  few  seconds  while  being  wiped  with  a  damp 
chamois  skin,  and  then  weighed,  using  a  similar  tube  as  counter¬ 
poise  on  the  balance. 


AB  CD'E  FD  G  D 


A.  Charging  end 

B.  Removable,  oxidized,  copper  screen  spiral 

C.  Transparent  section  (or  combustion  boat 

D.  Oxidized  copper  screen  plugs 

E.  Cupric  oxide  (wire  form) 

F.  Silver  turnings 

G.  Lead  chromate 

All  results  for  bituminous  coals  reported  on  in  this  paper  were 
obtained  by  this  procedure.  In  the  paper  by  Millin  ( 3 )  a  time  of 
20  minutes  is  given  for  the  analysis  of  coals;  this  lower  rate  may 
be  due  to  the  longer  length  of  combustion  tubing  which  was  em¬ 
ployed,  thereby  allowing  the  use  of  35  cm.  of  copper  oxide  and  10 
cm.  of  silver  turnings  in  the  center  furnace,  whereas  the  authors 
were  limited,  because  of  the  standard  design  of  the  apparatus,  to 
23  cm.  of  copper  oxide  and  10  cm.  of  silver  turnings.  No  indica¬ 
tion  was  given  that  any  of  the  samples  analyzed  were  anthracites. 
In  the  case  of  anthracites  more  time  was  found  necessary  for 
complete  combustion  of  the  samples;  hence  the  regular  pro¬ 
cedure  was  changed  to  allow  heater  7  to  be  placed  over  the  charge 
immediately  and  to  remain  there  10  to  15  minutes  longer  than 
usual. 

The  procedure  was  used  for  various  other  materials  which,  be¬ 
cause  of  their  greater  volatility,  required  slight  changes  in  tech¬ 
nique.  The  increase  in  time  required  was  used  to  volatilize  the 
material  slowly  without  allowing  it  to  catch  fire;  the  rate  of 
oxygen  flow  was  decreased  slightly  in  some  cases,  although  this 
was  more  of  a  conservative  measure  than  a  necessity. 

In  the  preliminary  tests  to  establish  a  minimum  time  for  com¬ 
bustion,  two  Ascarite  absorption  tubes  were  placed  in  series  on 
the  train;  the  second  in  the  series  would  show  a  gain  if  the  first 
did  not  completely  absorb  all  carbon  dioxide  formed  during  com¬ 
bustion.  Through  this  procedure  it  was  found  that  Fisher-type 
tubes,  which  have  about  one  fourth  the  capacity  for  Ascarite  as 
the  Nesbitt  tubes  finally  adopted,  were  too  small  to  absorb  the 
carbon  dioxide  quantitatively.  To  test  for  complete  conversion 
of  the  carbon  to  carbon  dioxide  a  bubbler  tube  containing  a  solu¬ 
tion  of  palladous  chloride  (4)  was  attached  to  the  end  of  the 
train. 

RESULTS  AND  DISCUSSION 

Table  I  shows  typical  results  obtained  using  Bureau  of  Stand¬ 
ards  samples  of  sucrose  and  benzoic  acid.  In  each  case  the  igni¬ 
tion  period  was  completed  in  25  minutes  and  the  sample  tubes 


Table  I.  Tests  on  Bureau  of  Standards  Samples 


1 

2 

3 

4 

Theoretical 

Sucrose 

c,  % 

42.08 

42.06 

42.08 

41.98 

42.08 

H,  % 

6.50 

6.49 

6.44 

6.49 

6.48 

Benzoic  acid 

c,  % 

68.67 

68.75 

68.83 

H,  % 

4.94 

4.99 

.  .  . 

4.96 

were  removed  and  allowed  to  cool  before  weighings  were  mad< 
In  the  case  of  benzoic  acid  the  slightly  low  results  for  carbon  ma 
be  attributed  to  the  rapid  rate  at  which  the  substance  volatilizec 
no  alteration  in  time  of  combustion  was  tried  on  this  substance. 

Table  II  gives  results  of  analysis  of  a  bituminous  coal  sample  b 
the  standard  A.S.T.M.  and  Millin  procedures.  Tables  III  and  I 
give  results  by  the  Millin  procedure  on  anthracites,  bituminoi 
coals,  carburetting  oil,  tar,  abietic  acid,  and  liquid  hydrogen: 
tion  products. 

Sucrose  is  generally  used  as  a  control  standard  in  combustio 
analysis.  The  data  in  Table  I  show  that  the  Millin  procedure  : 
satisfactory  in  the  analysis  of  sucrose.  Table  II  shows  the  resull 
obtained  with  the  two  methods  on  a  sample  of  bituminous  co; 
which  was  air-dried  and  ground  to  pass  a  250-micron  (No.  6( 
sieve.  All  other  samples  of  coal  used  were  prepared  in  like  mat 
ner.  The  specified  permissible  difference  for  duplicate  analysi 


Table  II.  Comparative  Results  by  A.S.T.M.  and  Millin  Procedun 


Method 

A.S.T.M. 

c,  % 

H,  % 

Millin 

c,  % 

H,  % 

on  a 

1 

84.00 

4.13 

84.20 

4.13 

Bituminous  Coal 

2 

83.91 

4. 10 

84.20 

4.10 

3 

84.19 

4.12 

84.30 

4.10 

Time, 

Min. 

120 

25 

Table 

III.  Typical  Results  on  Coals  by  Millin  Procedure 

Carbon 

Hydrogen 

Sample 

of  Com- 

Run 

Run 

Differ- 

Run 

Run 

Differ- 

Designation 

bustion 

1 

2 

ence 

1 

2 

ence 

Min. 

% 

% 

% 

% 

% 

% 

Bituminous  coal 

A 

25 

79.19 

79.14 

0.05 

4.62 

4.66 

0.04 

B 

25 

75.27 

75.27 

0.00 

5.18 

5.21 

0.03 

C 

25 

82.91 

82.65 

0.25 

4.32 

4.30 

0.02 

D 

25 

72.66 

72.38 

0.28 

4.89 

4.87 

0.02 

E 

25 

79.21 

79.15 

0.06 

5.06 

5.01 

0.05 

Anthracite 

F 

40 

81 . 65 

81.60 

0.05 

2.01 

2.06 

0.05 

G 

40 

79.08 

79.09 

0.01 

2.39 

2.43 

0.04 

H 

40 

80.87 

81.04 

0.17 

2.47 

2.44 

0.03 

I 

40 

84.36 

84.32 

0.04  ' 

2.15 

2.12 

0.03 

J 

40 

85.14 

85.12 

0.02 

2.09 

2.10 

0.01 

Table  IV.  Typical  Results  on  Organic  Materials  by  the  Milli 

Procedure 

(Time  of  combustion,  75  minutes) 


Carbon 

Difference 

Hydrogen 

Difference 

Sample 

Designation 

Run 

Run 

or 

Run 

Run 

or 

1 

2 

Theoretical 

1 

2 

Theoretica 

% 

% 

% 

% 

% 

% 

Carburetting  oil 

K 

84.92 

84.70 

0.22 

13.82 

13.80 

0.02 

L 

85.49 

85.57 

0.08 

13.89 

13.86 

0.03 

M 

Tar 

N 

85.44 

85.24 

0.20 

13.71 

13.76 

0.05 

92.58 

92.40 

0.18 

6.39 

i  6.37 

0.02 

0 

92.63 

92.71 

0.08 

6.51 

6.51 

0.00 

p 

92.50 

92.49 

0.01 

6.39 

6.42 

0.03 

Abietic  acid 

(recrystallized) 

O 

79.35 

79.30 

79.40 

9.87 

9.90 

10.00 

Liquid  hydrogena- 

tion  products 

R 

87.68 

87.73 

0.05 

12.14 

12.12 

0.02 

s 

88. 13 

88.19 

0.06 

11  78 

11.73 

0.05 

T 

88.68 

88.67 

0.01 

10.95 

10.99 

0.04 

u 

88.92 

88.93 

0.01 

10.91 

10.91 

0.00 
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Table  V.  Statistical  Analysis  for  Carbon  and  Hydrogen 

jin.  Max.  Zn  m  s  Zn'  m'  s'  B' 

fa  % 

Carbon,  A.S.T.M.  permissible  difference  =  0.3% 


ithracites 

.74  91.73  208 

tuminous  coals 
.10  91.10  124 


100  0.181  207  100  0.172  0.4 

50  0.420  118  48  0.317  0.4 

Hydrogen,  A.S.T.M.  permissible  difference  =  0.07% 


<100 

<500 


ithracites 

.34  3.30  211 

tuminous  coals 
.34  5.78  127 


100 

50 


0.049 

0.143 


211 

121 


100 

48 


0.049 

0.088 


0.2 

0.8 


<200 

<500 


Min.  Minimum  value  for  single  determination. 

Max.  Maximum  value  for  single  determination. 

Sn.  Total  number  of  analyses  reported. 
m.  Number  of  samples. 

s  Standard  error  of  difference  between  duplicates  analyses. 

2 n'  m'  s'  Values  of  Zn,  m,  and  s  after  eliminating  samples  for  which 

^:S’e!drxfma1edemeeasOurger°of  normality  of  distribution  of  errors  after 

ymaCalculated  frequency  of  exceeding  A.S.T.M.  “permissible  difference 

tween  duplicate  determinations  Pe^  t£ousand.  _  inn  to  iqq  Ptr 

<10  =0to  9.9,  <20  =  10  to  19.9,  <100  =  oO  to  9.99,  <200  —  100  to  199,  etc. 


•cording  to  A.S.T.M.  standards  on  coal  and  coke  ( 1 ),  is  0.30% 
ir  carbon  and  0.07%  for  hydrogen.  That  the  duplicates  obtained 
y  this  new  procedure  fall  well  within  these  limits  is  shown  by  the 
ata  of  Table  III,  where  a  maximum  difference  of  0.28%  is  given 
ir  carbon  and  of  0.05%  for  hydrogen.  Duplicate  results  that 
dl  within  the  specified  tolerances  are  generally  obtained  from 
vo  analyses,  a  third  analysis  being  necessary  only  occasionally, 
n  this  respect  it  is  usually  the  carbon  value  that  is  outside  the 
alerance  and  seldom  the  hydrogen. 

Several  other  types  of  materials  were  analyzed  (Table  IV). 
t  was  found  necessary,  owing  to  the  greater  volatility  of  these 
ubstances,  to  lengthen  the  time  of  combustion  to  75  minutes, 
uside  from  this  increase  in  time,  which  is  considerably  shorter 
han  that  used  in  the  older  method,  the  method  works  consistently 
rell.  The  abietic  acid  analyzed  was  allowed  to  stand  for  some 
ime  before  an  analysis  was  made  on  it  and  may  have  been  of 
(uestionable  purity.  The  liquid  hydrogenation  products  may 
lave  contained  traces  of  water.  They  were  separated  by  dis- 
illation  and  dried  over  phosphorus  pentoxide  and  were  expected 
io  be  pure  hydrocarbons. 

Table  V  summarizes  the  results  obtained  from  a  statistical 
malysis  of  100  sets  of  values  for  percentages  of  carbon  and  hydro¬ 


gen  in  100  different  samples  of  anthracite  coals.  These  data  were 
calculated  in  a  manner  identical  to  that  used  by  Lowry  and 
Junge  (2).  For  comparison  purposes  data  submitted  by  this 
laboratory  and  reported  by  Lowry  and  Junge  (2)  for  50  sets  of 
values  on  50  different  samples  of  bituminous  coals  are  included. 

An  examination  of  Table  V  shows  that  values  of  B'  in  every  case 
are  less  than  unity;  the  data  themselves  do  not  give  an  indica¬ 
tion  of  departure  from  normality. 

The  values  of  the  frequency,  y' ,  show  a  decided  improvement 
in  the  case  of  both  carbon  and  hydrogen,  as  do  the  values  of  s 
and  s'.  Analytical  procedures  are  frequently  controlled  by  the 
use  of  statistical  methods,  to  give  the  equivalent  of  a  “reason¬ 
able”  permissible  difference,  which  may  be  defined  as  that  dif¬ 
ference  between  duplicate  determinations  which  would  not  re¬ 
quire  a  third  determination  more  than  50  times  in  1000.  A 
“reasonable”  permissible  difference  equal  to  1.96  s  would  yield  a 

value  of  y'  =  50.  j; 

In  comparing  the  two  methods  it  appears  that  a  “reasonable 
permissible  difference  for  carbon  by  the  Millin  procedure  would  be 
calculated  from  the  data  on  anthracites  to  be  0.34%  and  by  the 
A.S.T.M.  method  on  bituminous  coals  to  be  0.62%,  and  simi¬ 
larly  for  hydrogen  0.10  and  0.17%. 

Inasmuch  as  the  data  reported  were  obtained  in  small  groups  _ 
(never  more  than  ten  samples  were  run  consecutively)  and  the 
whole  group  was  collected  over  a  period  of  3  years,  with  four 
different  operators  during  that  period,  it  seems  reasonable  that 
for  routine  operation  the  limits  should  not  be  expanded.  The 
following  quotation  from  Selvig’s  comment  (5)  on  the  paper  of 
Lowry  and  Junge  (2)  seems  appropriate: 

It  is  not  surprising  that  difficulties  wTere  experienced  in  the  ulti¬ 
mate  analysis  in  determining  carbon  and  hydrogen,  as  this 
analysis  requires  a  higher  degree  of  manipulative  skill  and  goo 
condition  of  tjie  combustion  train,  both  of  which  are  difficult  to 
attain  if  determinations  are  made  at  irregular  intervals  Here 
possibly  it  would  be  better  not  to  raise  the  permissible  difference 
between  duplicate  determinations  but  to  make  multiphcate 
rather  than  duplicate  determinations  to  obtain  the  required  pre¬ 
cision. 
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Estimation  of  Oxygen  in  Inert  Oxygen-Free  Atmospheres 

E.  H.  WINSLOW  AND  H.  A.  LIEBHAFSKY,  Research  Laboratory,  General  Electric  Company,  Schenectady,  N.  Y. 


AGROWING  number  of  industrial  processes  require  atmos¬ 
pheres  in  which  the  oxygen  content  is  far  below  0.01%  by 
volume.  An  analytical  method  capable  of  dealing  with  these 
minute  concentrations  of  oxygen  in  atmospheres  inert  to  the  re¬ 
agents  employed  is  described  below. 

I  Oxygen  at  concentrations  near  0.0001%  in  1  liter  of  gas  at  room 
temperature  and  atmospheric  pressure  exerts  a  pressure  below 
1  micron  and  weighs  about  1  microgram.  The  successful  analysis 
of  such  a  sample  could  be  accomplished,  but  only  by  taking  ex¬ 
treme  precautions  to  eliminate  measurable  contamination  before 
liberation  of  iodine  and  by  determining  this  iodine  in  a  solution 
that  could  be  exposed  almost  with  impunity  to  the  atmosphere. 

CHOICE  OF  METHOD 

Of  the  chemical  methods  for  estimating  oxygen,  the  two  most 
promising  for  further  refinement  seemed  those  involving  the  oxi¬ 
dation  of  ferrous  or  of  manganous  compounds  in  alkaline  media. 


The  use  of  ferrous  salts  for  the  determination  of  oxygen  was 
originated  by  Mohr  (2,  8)  and  developed  further  by  Shaw  (11), 
who  determined  the  ferric  ion  colorimetrically  with  thiocyanate 
in  acid  solution,  the  blank  being  near  0.008%  oxygen.  The  por¬ 
tion  of  this  blank  traceable  to  the  ferrous  ammonium  sulfate  was 
practically  eliminated  in  this  laboratory  by  leaving  acid  ferrous 
ammonium  sulfate  solutions  overnight  on  the  steam  bath  in  con¬ 
tact  with  pure  aluminum.  L  nfortunately,  the  oxidation,  b\  the 
laboratory  air,  of  ferrous  ion  in  acid  solutions  could  not  be  suffi¬ 
ciently  reduced. 

The  use  of  manganous  hydroxide  and  an  iodide  to  determine 
oxygen  dissolved  in  water  was  developed  by  Winkler  (12)  m  a 
classic  investigation.  In  this  sensitive  method,  the  oxidized 
manganous  hydroxide  liberates  upon  acidification  an  amount  of 
iodine  equivalent  to  the  dissolved  oxygen  initially  present.  Vari¬ 
ous  investigators  (1,  3,  4,  6‘,  9,  10)  have  adapted  this  scheme 
to  the  determination  of  oxygen  in  gases.  Hand  (4)  demonstrated 
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A  practical,  sensitive,  and  reasonably  reliable  method,  based  upon 
the  liberation  of  iodine  by  oxidized  manganous  hydroxide,  has  been 
developed  for  the  determination  of  oxygen  at  concentrations  above 
0.0001  %  by  volume  in  a  liter  of  gas  at  atmospheric  pressure,-  0.01  % 
is  perhaps  the  concentration  most  convenient  for  the  method.  The 
decreasing  reactivity  of  manganous  hydroxide  as  its  surface  becomes 
oxidized  sets  the  useful  upper  limit  for  the  method  near  0.1%  oxy¬ 
gen.  The  final  iodine  determination,  whether  spectrophotometric 
(0.001%  oxygen  or  less)  or  by  titration  with  thiosulfate,  must  be 
carried  out  in  solutions  stable  toward  air. 


that  great  sensitivity  could  be  achieved  in  this  way.  His  method 
suffers  from  the  drawback  that  the  sample  must  be  introduced 
into  a  complicated  apparatus  that  has  been  previously  evacuated, 
and  his  preparation  of  standards  is  open  to  objection. 

STABILITY  OF  STANDARD  IODINE  SOLUTIONS 

Standard  solutions  containing  iodine  in  microgram  amounts, 
with  and  without  added  starch,  were  investigated  on  the  G.E. 
recording  spectrophotometer  (7)  in  order  to  find  conditions  under 
which  handling  in  contact  with  air  would  not  cause  appreciable 
oxidation  of  iodide. 

The  first  standards  were  prepared  according  to  Hand  (4)  by 
adding  known  amounts  of  permanganate  ion  to  acid  iodide  solu¬ 
tions.  After  the  permanganate  had  reacted,  these  standards 
continued  to  deepen  rapidly  in  color.  This  instability  (“after¬ 
bluing”  or  “oxygen  error”),  which  is  well  known  in  iodometry, 
showed  these  solutions  to  be  useless  for  the  authors’  purposes. 

Satisfactory  standards  were  finally  made  from  known  perman¬ 
ganate  solutions. 


Figure  1.  Transmittance  Curves  for  Iodine  Standards  with  1  Cc. 

of  Starch 


The  various  reagents  were  added  to  glass-stoppered  gradua 
in  the  order:  2  cc.  of  1  Ar  sodium  hydroxide-0.1  M  potassii 
iodide  solution;  1  cc.  of  3  A  sulfuric  acid;  0.5  cc.  of  0.5  M  mr 
ganous  chloride;  0.001  N  or  0.0001  N  permanganate  soluti< 
freshly  prepared  by  dilution;  2  cc.  of  0.6  M  sodium  bicarbona 
1%  starch,  0.1  or  1.0  cc.;  finally,  boiled  distilled  water  to 
volume  of  27  cc.  The  bicarbonate  neutralizes  acid  and  provic 
an  inert  atmosphere.  It  was  blown  in  to  ensure  rapid  action  a 
to  prevent  the  undesired  precipitation  of  manganous  carbona 
This  addition  of  bicarbonate  leaves  the  solution  weakly  ac 
more  was  subsequently  added  dropwise  to  raise  .the  pH  to  abc 
5. 

In  preparing  standards  from  iodine  solutions  by  the  foregoi 
procedure,  the  permanganate  was  omitted,  and  the  known  iodi 
solution  was  added  after  the  bicarbonate. 

A  representative  family  of  absorption  curves  for  the  stari 
iodine  complex  thus  prepared  is  shown  in  Figure  1.  Even  w 
scrupulous  cleanliness,  a  little  color,  representing  usually  a  f 
tenths  microgram  of  oxygen,  developed  when  neither  perm: 
ganate  nor  iodine  was  added;  the  “reagent  blank”  curve 
Figure  1  is  an  example.  The  wave  length  for  maximum  absoi 
tion  shifts  toward  the  red  as  the  concentration  of  the  star< 
iodine  complex  increases.  In  making  the  Beer’s  law  calculatio 
7o  for  the  reagent  blank  and  I  for  the  standard  were  taken  at  1 
wave  length  of  maximum  absorption. 

The  stability  of  standard  solutions  made  according  to  the  fo 
going  method  was  tested  on  the  spectrophotometer.  The  curve 
Figure  2,  for  example,  was  obtained  by  having  the  instrume 
record  continuously  for  26  minutes  the  transmittance  of  a  star 
ard  containing  the  blue  starch-iodine  complex  at  a  concentrati 
equivalent  to  about  0.4  microgram  of  oxygen.  (The  instrume 
draws  one  complete  curve  every  3  minutes.)  Standards  cc 
taining  starch  cannot  be  kept  for  more  than  a  few  hours  befc 
blue  particles  begin  to  separate;  this  separation  may  have  beg 
in  the  test  of  Figure  2,  for  the  transmittance  actually  increasec 
little  during  the  test.  In  any  case,  there  was  no  indication 
appreciable  “oxygen  error”  in  this  or  similar  experiments. 

Beer’s  law  plots  are  shown  in  Figure  3  for  three  sets  of  standan 
An  insufficiency  of  starch  appears  to  be  responsible  for  the  re 
tively  low  light  absorption  at  the  higher  concentrations  (comps 
curves  A  and  B).  In  the  most  dilute  range,  the  permangans 
standards  (curve  C)  absorbed  less  light  than  corresponding  or 
prepared  with  iodine  (curve  B),  possibly  because  the  reaction  w 
quenched  too  soon  in  the  attempt  to  reduce  the  risk  of  oxidati 
of  iodide  by  air. 

The  spectrophotometric  work  thus  proved  that  unwant 
iodine  formation  could  be  made  negligible.  It  also  proved  th 
the  estimation  of  oxygen  at  concentrations  below  about  0.001 
in  1  liter  of  gas  can  be  carried  out  spectrophotometrically  on  t 
equivalent  amount  of  iodine. 

METHOD  FOR  OXYGEN 

Reagents.  A  solution  1  N  in  sodium  hydroxide  and  0.1 
in  potassium  iodide ;  3  N  sulfuric  acid ;  0.5  M  manganous  chloric 
slightly  acid;  0.6  M  sodium  bicarbonate;  0.002  N  (or  anoth 
suitable  concentration)  sodium  thiosulfate  stabilized  with  sodiu 
carbonate,  freshly  prepared  by  dilution;  an  inert  gas  containh 
no  oxygen  detectable  by  the  present  method. 

The  “oxygen-free”  gas  in  this  work  was  hydrogen  that  had  bei 
passed  slowly  (110  cc.  per  minute)  in  an  all-glass  system  ov 
copper  at  600  0  C.  and  then  over  sodium  hydroxide  pellets  to  r 
move  hydrogen  sulfide.  A  6-liter,  bulb  inserted  after  the  sodiu 
hydroxide  served  as  a  reservoir,  so  that  1  liter  of  hydrogen  cou 
be  withdrawn  rather  suddenly  without  diminishing  the  effectiv 
ness  of  the  purifier. 

All  solutions  used  for  oxygen  determinations  w’ere  kept  in  g 
washing  bottles  through  which  “oxygen-free”  hydrogen  w. 
bubbled  continuously.  Rubber  tubing  used  in  connecting  the 
and  other  vessels  to  the  purification  system  was  kept  at  a  mir 
mum. 

The  purity  of  the  manganous  chloride,  which  must  be  low 
iron,  is  especially  important;  but  all  chemicals  should  be  of  hfi 
quality.  The  fact  that  repeated  analyses  of  the  purified  hydrogi 
showed  no  detectable  iodine  proved  that  the  reagents  and  tl 
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Figure  2.  Stability  Test  on  Permanganate  Standard 

Curve  retraced  continuously  over  26-minute  period  in  spectrophotometer 


lanipulation  were  good  enough  to  keep  oxygen  or  oxygenlike 
npurities  below  1  microgram  of  equivalent  oxygen. 

Apparatus  and  Manipulation.  The  1-liter  reaction  vessel 
Figure  4)  must  be  dry  and  clean;  drops  of  a  liquid  that  has  been 
l  contact  with  air  must  be  avoided.  Whenever  glass  apparatus 
pipet  included)  has  been  in  contact  with  manganous  solutions 
nd  with  oxygen,  films  of  oxidized  manganous  compounds  may  be 
resent;  such  films  can  usually  be  removed  with  strong  hydro- 
hloric  acid.  After  a  determination  in  which  the  oxygen  content 
xceeded  0.1%,  however,  sodium  sulfite  was  added  along  with  the 
cid  in  the  cleaning  process.  Boiled  water  and  acetone  were  used 
or  rinsing.  Stopcocks  were  carefully  greased  and  cleaned  between 
eterminations.  Only  vacuum-tested  stopcocks  were  used,  and 
hese  had  occasionally  to  be  changed,  probably  because  of  attack 
y  the  alkaline  solutions. 

The  gas  sample  was  usually  obtained  by  streaming  the  gas  to 
ie  analyzed  for  several  hours  through  the  reaction  vessel.  After 
he  two  stopcocks  nearest  the  spherical  bulb  had  Been  closed,  the 
ection  below  the  lower  stopcock  was  filled  with  water  and  tightly 

orked. 

The  solutions  were  introduced  in  the  following  order  from  the 
ylindrical  reservoir  into  the  spherical  bulb:  10  cc.  of  sodium 


able  I.  Time  of  Shaking  at  Different  Concentrations  of  Residual 


No. 

Time  of  Shaking 

Oxygen 

Residual  Oxygen 

Oxygen  Found 

Hours 

%  by  volume 

%  by  volume 

1 

1 

0.0013 

0.0015 

2 

1 

0.028 

0.020 

3 

1 

0.028 

0.019 

4 

2.5 

0.028 

0.028 

Figure  3.  Beer’s  Law  Curves  for  Iodine  and  Permanganate 
Standards 


hydroxide-potassium  iodide  solution;  5  cc.  of  manganous  chloride; 
8.5  cc.  of  sulfuric  acid.  No  matter  what  the  solution,  it  was 
transferred  by  means  of  a  pipet  from  the  gas  washing  bottle  into 
the  clean,  dry  cylindrical  reservoir  through  the  female  ground 
joint.  The  apparatus  was  then  connected  by  means  of  the  upper 
male  ground  joint  (Figure  4)  to  the  6-liter  bulb  in  the  oxygen-free 
hydrogen  train.  The  outlet  from  the  cylindrical  reservoir  was 
connected  to  a  bubbling  bottle  filled  with  sulfuric  acid.  The 
“oxygen-free”  hydrogen  was  bubbled  for  10  minutes  through  the 
solution  in  the  reservoir;  then  the  outlet  was  connected  to  the 
rough  vacuum,  whereupon  the  gas  space  in  the  reservoir  was 
twice  evacuated  and  refilled  with  the  hydrogen.  With  all  four 
stopcocks  closed,  the  reaction  vessel  was  disconnected,  and  the 
solution  was  transferred  to  the  bulb  by  cooling  the  latter  under 
the  tap,  by  opening  the  necessary  stopcock,  and  by  careful  shak¬ 
ing.  The  cylindrical  reservoir  was  next  cleaned  with  strong 
hydrochloric  acid,  and  rinsed  with  boiled  water.  The  stopcock 
and  joints  affected  were  regreased,  and  the  reaction  vessel  was 
reconnected  to  the  hydrogen  train  to  receive  the  next  solution. 

After  the  first  two  solutions  had  been  introduced  into  the 
bulb,  the  reservoir  and  the  attached  tubes  were  filled  with  boiled 
distilled  water,  and  the  two  upper  stopcocks  were  closed.  The 
vessel  was  then  rotated  by  hand  to  form  manganous  hydroxide 
and  to  distribute  it  uniformly.  It  was  next  wrapped  in  a  towel 
and  strapped  centrally  to  the  table  of  a  rotary  shaker  and  shaken 
(usually  for  2  hours)  at  a  rate  near  165  cycles  per  minute.  Finally 
the  sulfuric  acid  was  transferred  into  the  bulb  in  the  manner  de¬ 
scribed  above. 

The  acid  iodine  solution  was  then  drained  out  of  the  reaction 
vessel,  and  the  pH  raised  rapidly  to  a  value  between  4  and  6  by 
adding  sodium  bicarbonate  solution.  Such  solutions  in  glass- 
stoppered  flasks  could  be  kept  in  the  dark  without  gaining  appre¬ 
ciably  in  iodine  content,  which  is  not  surprising  since  their  com¬ 
positions  approximated  those  of  the  stable  standards,  discussed 
above.  Usually  the  iodine  was  titrated  on  an  aliquot  portion  of 
the  solution  with  thiosulfate,  0.002  N  or  stronger,  1  cc.  of  starch 
having  been  added. 

Sensitivity  and  Reliability.  The  work  of  Winkler  {12) 
and  subsequent  experience  with  his  method  leave  no  doubt  that 
the  oxidation  of  manganous  hydroxide  and  .the  subsequent  libera¬ 
tion  of  iodine  affords  the  best  chemi¬ 
cal  method  for  estimating  oxygen  dis¬ 
solved  in  water.  On  this  basis,  the  present 
method  may  be  considered  reliable,  pro¬ 
vided  that  (1)  the  blank  is  negligible, 
(2)  the  time  of  shaking  is  long  enough 
to  reduce  all  the  oxygen,  and  (3)  there 
is  negligible  “oxygen  error”  when  the  final 
solutions  are  handled  in  contact  with  air. 
Proof  of  the  last  point  was  given  above. 

When  “oxygen-free”  hydrogen  was  ana¬ 
lyzed,  no  oxygen  could  be  detected  by 
the  present  method,  the  blank  being  con¬ 
siderably  less  than  1  microgram  of  oxygen. 
A  similar  result  was  obtained  on  the 
evacuated  reaction  vessel  when  no  leaks 
occurred.  This  proves  a  negligible  blank 
and  also  shows  that  oxygen  adsorbed 
on  the  walls  may  be  neglected.  The  last 
conclusion  is  in  accord  with  the  litera¬ 
ture  (5). 

What  constitutes  a  sufficiently  long 
time  of  shaking  is  more  difficult  to  es¬ 
tablish,  owing  to  the  decrease  in  the  re¬ 
activity  of  manganous  hydroxide  as  its 
surface  becomes  oxidized.  This  decrease 
in  reactivity  was  demonstrated  in  two 
series  of  experiments  (Tables  I  and  II). 

In  the  experiments  of  Table  I,  the  re¬ 
action  vessel  was  exhausted  to  the  pres¬ 
sure.  corresponding  to  the  per  cent  re¬ 
sidual  oxygen,  and  immediately  filled 
to  atmospheric  pressure  with  “oxygen- 
free”  hydrogen.  Oxygen  determina¬ 
tions  gave  the  results  in  the  last 
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Table  II.  Results  on  Nitrogen  at  Various  Partial  Pressures 


Time  of  Shaking 

Oxygen  in 
Reaction  Vessel 

Oxygen  in 
Nitrogen 

Hours 

%  by  volume 

%  by  volume 

2.5 

0.45 

0.22 

2 

0.012 

0.50 

2 

0.030 

0.52 

column.  It  is  obvious  that  the  requisite  time  of  shaking  increases 
with  the  initial  oxygen  concentration. 

In  the  experiments  of  Table  II,  varying  pressures  of  nitrogen 
that  contained  0.45  ±  0.05%  oxygen  according  to  a  careful  Orsat 
analysis  were  left  in  the  reaction  vessel  and  supplemented  with 
oxygen-free  ’  hydrogen  as  above.  The  percentages  in  the  last 
column  are  to  be  compared  with  0.45%;  the  others  are  the  initial 
concentrations  in  the  reaction  vessel. 

The  results  cited  set  the  upper  limit  of  usefulness  for  the 
method  near  0.1%;  more  concentrated  samples  should  be  diluted 
if  they  must  be  analyzed  in  this  way.  The  useful  lower  limit  is 
near  0.0001%;  0.01%  is  perhaps  the  most  favorable  concen¬ 

tration.  The  color  change  in  the  manganous  hydroxide  during 
the  analysis  is  a  rough  guide  to  the  oxygen  content  of  the  sample. 


It  has  not  been  possible  to  fix  the  precision  of  the  method, 
which  will  obviously  be  lowest  near  0.0001%  oxygen.  Duplicate 
determinations  on  nitrogen  known  to  be  very  low  in  oxygen  each 
gave  0.0004%.  Certainly  the  precision  is  not  so  high  as  Winkler’s 
(12) ;  the  reader  may  form  his  own  estimate  from  Tables  I  and  II 
The  method  is  unreliable  at  pressures  much  below  atmospheric. 
Numerous  failures  were  encountered  in  attempts  to  establish 
blanks  by  analyzing  for  oxygen  in  the  evacuated  reaction  vessels, 
and  there  is  no  doubt  that  leaks  were  responsible. 

The  time  required  for  a  determination  lies  between  4  and  h 
hours. 
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Volumetric  Determination  of  Aluminum 

Applied  to  Analyses  of  Silica-Alumina  Catalysts 
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A  volumetric  method  for  the  determination  of  aluminum  in  silica- 
alumina  catalysts  is  described,  which  is  more  rapid  and  more  ac¬ 
curate  than  conventional  gravimetric  methods.  The  aluminum  sul¬ 
fate  solution,  containing  tartrate,  is  neutralized  with  lithium  hy¬ 
droxide,  and  an  excess  of  potassium  fluoride  is  added.  The  potas¬ 
sium  hydroxide  released  by  the  formation  of  the  aluminum  complex 
is  titrated  with  hydrochloric  acid. 

ACTI\  ITY  studies  of  silica-alumina  catalysts  recently  carried 
out  at  these  laboratories  necessitated  a  large  number  of 
aluminum  determinations.  It  was  important  that  these  deter¬ 
minations  be  carried  out  as  rapidly  as  possible  and  still  retain  a 
high  degree  of  accuracy,  and  that  the  method  employed  be  ap¬ 
plicable  in  the  presence  of  moderate  amounts  of  other  substances, 
such  as  iron,  magnesium,  and  alkalies. 

The  conventional  method  involving  hydrolysis  of  the  aluminum 
with  ammonia,  filtering,  igniting,  and  weighing,  was  not  only 
time-consuming  but  also  subject  to  interference  by  other  hy¬ 
drolyzable  materials  present.  A  method  often  used  is  one  in 
which  the  residue,  after  treatment  with  hydrofluoric  acid  and 
ignition,  is  calculated  as  alumina.  This  procedure  is  also  time- 
consuming  because  of  difficulty  in  igniting  the  residue  to  a  con¬ 
stant  weight,  and  alumina  values  thus  obtained  include  all  other 
metals  present  in  the  sample. 

Several  volumetric  procedures  for  the  determination  of  alumi¬ 
num  (1-6)  are  based  on  the  titration  of  either  the  acid  liberated 
on  addition  of  sodium  tartrate  (or  citrate)  or  the  hydroxide 
liberated  on  addition  of  potassium  fluoride. 

The  most  generally  applicable  of  the  volumetric  methods  for 
aluminum  appears  to  be  the  one  recently  described  by  Snyder 
(4).  In  this  procedure  the  aluminum  salt  is  neutralized  to  a 

1  Present  address,  Chemistry  Department,  Purdue  University,  West 
Lafayette,  Ind. 


phenolphthalein  end  point  with  barium  hydroxide  in  the  pres¬ 
ence  of  sodium  potassium  tartrate.  An  excess  of  potassium 
fluoride  is  then  added  to  release  potassium  hydroxide,  W'hich  is 
titrated  with  standard  acid. 

Al(OH)3  +  6KF  —  A1F3.3KF  +  3KOH 

As  stated  by  Snyder,  this  method  cannot  be  applied  in  the 
presence  of  sulfate  because  of  the  precipitation  of  barium  sulfate. 
In  the  analysis  of  silica-alumina  catalysts  large  amounts  of  sulfate 
are  necessarily  present  because  of  the  methods  required  for  dis¬ 
solving  the  samples.  The  purpose  of  this  paper  is  to  describe  the 
modifications  that  have  been  made  in  the  method  developed  by 
Snyder  which  make  it  suitable  for  the  rapid  and  accurate  deter¬ 
mination  of  aluminum  in  silica-alumina  catalysts. 

Since  barium  hydroxide  could  not  be  used  for  the  neutraliza¬ 
tion  of  the  aluminum  salt,  another  base  had  to  be  found.  The  fact 
reported  by  Snyder  that  sodium  and  potassium  hydroxides  give 
erratic  and  inaccurate  results  was  confirmed.  It  was  found  that 
lithium  hydroxide  has  none  of  the  undesirable  characteristics  of 
sodium  and  potassium  hydroxides  and  does  not  form  an  insoluble 
sulfate  as  does  the  barium  hydroxide.  It  was  decided  from  a 
study  of  the  potentiometric  titration  curves,  and  confirmed  by 
experience,  that  thymolphthalein  is  a  more  suitable  indicator 
than  phenolphthalein. 

EXPERIMENTAL 

Apparatus  and  Reagents.  Mechanical  stirrer.  Platinum 
dish,  100  ml.  Potassium  fluoride,  30%  solution  neutralized  to 
phenolphthalein  and  stored  in  a  wax-lined  bottle.  Sodium 
tartrate,  25%  solution.  Thymolphthalein,  0.1%  in  ethanol. 
Aluminum  sulfate  solution,  0.5  N,  prepared  by  dissolving  55.535 
grams  of  aluminum  sulfate  octadecahydrate  in  1  liter  of  water. 
The  alumina  content  of  the  aluminum  sulfate  was  found  by  ig¬ 
niting  samples  at  2000°  F.  and  weighing.  Hydrochloric  acid 
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5  AT,  standardized  against  the  aluminum  sulfate  solution, 
ithium  hydroxide,  0.5  N,  standardized  against  the  0.5  N 
ydrochloric  acid.  (Ratio  of  milliliters  of  hydrochloric  acid  to 
lilliliters  of  lithium  hydroxide  is  equal  to  R.)  All  reagents 
ere  c.p.  grade  and  were  used  without  further  purification. 
Procedure.  Weigh  a  1.0  to  1.5-gram  sample  into  a  platinum 
ish  and  ignite  to  remove  carbon  and  ammonium  salts.  Cool, 
loisten  the  sample  with  water,  and  add  10  ml.  of  hydrochloric 
cid.  Cautiously  add  hydrofluoric  acid  until  the  sample  is  com- 
letely  dissolved.  Evaporate  the  solution  to  dryness  and  ignite 
t  red  heat  for  a  few  seconds.  Fuse  the  residue  with  approxi- 
lately  3  grams  of  anhydrous  potassium  bisulfate  over  a  low  name 
ntil  no  undissolved  particles  remain.  Cool,  dissolve  the  fusion 
i  80  ml.  of  water,  and  transfer  to  a  400-ml.  tail-form  beaker. 

Place  the  .beaker  containing  the  dissolved  sample  under  the 
lechanical  stirrer  and  titrate  with  the  lithium  hydroxide.  v\  hen 
lost  of  the  free  acid  is  neutralized,  as  evidenced  by  the  appear- 
,nce  of  traces  of  precipitate  in  the  solution,  add  6  to  8  drops  of 
hymolphthalein  indicator  and  25  ml.  of  25%  sodium  tartrate, 
f  the  solution  contains  considerable  magnesium  or  lead  or  more 
han  0.3  gram  of  aluminum  oxide,  add  50  ml.  of  the  sodium  tar- 
rate.  Continue  the  titration  until  appearance  of  a  blue  color, 
>ermanent  for  30  seconds,  and  add  0.1  to  0.2-ml.  excess  of  lithium 
lydroxide.  Back-titrate  with  the  0.5  N  hydrochloric  acid  until 
he  blue  color  just  disappears.  Record  the  readings  of  the  hydro- 
hloric  acid  and  lithium  hydroxide  burets  as  A i  and  B i,  respec- 
ively.  Add  25  ml.  of  30%  potassium  fluoride.  The  solution 
>ecomes  blue  immediately  because  of  the  liberation  of  hydroxyl 
ons.  Titrate  with  the  hydrochloric  acid  until  the  blue  color 
lisappears  and  add  1-ml.  excess.  Back-titrate  with  the  lithium 
lydroxide  until  the  blue  color  reappears.  Record  the  readings  of 
he  hydrochloric  acid  and  lithium  hydroxide  burets  as  A  2  and  Rj, 
■espectively.  The  back-titrations  are  necessary  to  ensure  sharp, 
lermanent  end  points. 

Calculations. 


Veight  %  of  A1203  = 


[A  —  (B  X  R)]  X  N  X0  017  X  100 


weight  of  sample 


rhere  A 
B 
N 


R 


=  Ao  —  Ai  (volume  of  HC1) 
=  B2  —  Bi  (volume  of  LiOH) 
=  normality  of  HC1 

x.  ml.  of  HC1 
=  ratio  - 


ml.  of  LiOH 


Titration  of  Known  Solutions.  The  reliability  ol  the 
method  was  tested  by  titrating  a  number  of  solutions  of  known 
aluminum  content.  The  solutions  were  prepared  by  dissolving 
aluminum  wire  in  sulfuric  acid  or  sodium  hydroxide  and  by  dis¬ 
solving  aluminum  sulfate  in  water.  The  composition  of  the 
solution  prepared  from  aluminum  sulfate  was  found  by  evapo¬ 
rating  aliquots  to  dryness,  igniting  to  AI2O3  at  2000°  F.,  and 
weighing.  The  results  of  these  analyses  are  listed  in  Table  I. 


Table  I.  Analysis  of  Known  Aluminum  Solutions 


Solution 

Prepared  from 

AhOs  Added 
Gram 

AhOs  Found 
Gram 

1 

Al  wire 

0.0638 

0.0639 

2 

Al  wire 

0.0638 

0 . 0642 

3 

Al  wire 

0.0830 

0.0832 

4 

AhfSOda 

0.1532 

0. 1532 

5  * 

AhfSOda 

0. 1532 

0. 1530 

6 

Ah  (SOU  a 

0.1532 

0. 1534 

Interferences.  A  study  was  made  of  the  effects  of  the  ions 
that  may  sometimes  be  present  in  silica-alumina  catalysts.  The 
impurities  were  added  so  as  to  be  approximately  equivalent  to 
5%  of  the  material  in  a  sample.  Of  the  ions  tested,  only  ammo¬ 
nium,  tin,  and  manganese  caused  significant  interference.  Larger 
amounts  of  the  colored  ions,  such  as  copper,  chromium,  and 
nickel,  obscure  the  end  points.  The  results  of  the  interference 
studies  are  shown  in  Table  II.  It  was  found  that  a  fivefold  excess 
of  iron  and  magnesia  does  not  interfere  if  sufficient  tartrate  is 
added. 

Analysis  of  Samples.  Several  synthetic  samples  were  pre¬ 
pared  by  adding  15.32%  aluminum  oxide  to  pure  silica.  Re¬ 
peated  analyses  of  these  samples  are  shown  in  Table  III. 


Table  II.  Effect  of  Interferes  Substances 


Impurity 

Al  Added 

Al  Found 

Difference 

Gram 

Gram 

Gram 

Iron 

0.0638 

0.0638 

0 . 0000 

0 . 0859 

0.0856 

-0.0003 

Nickel 

0.0859 

0.0856 

-0.0003 

0. 1429 

0. 1420 

-  0 . 0009 

Copper 

0.0859 

0.0861 

+  0.0002 

Magnesium 

0.0859 

0.0862 

+0.0003 

0. 1429 

0.1432 

+  0.0003 

Calcium 

0.0859 

0.0864 

+0.0005 

0.1429 

0. 1431 

+  0.0002 

Sodium 

0.0859 

0.0850 

-0.0009 

0. 1429 

0.1426 

-0.0003 

Potassium 

0.0638 

0.0638 

0 . 0000 

0. 1429 

0. 1421 

-0.0008 

Lead 

0.0859 

0.0846  - 

-0.0013 

Chromium 

0.0859 

0.0852 

-  0 . 0007 

Manganese 

0. 1429 

Color  obscures  end  point 

Ammonium 

0.1429 

No  end  point 

Tin 

0.1429 

0.1321 

-0.0108 

Phosphate 

0.1429 

0.1438 

+  0.0009 

Table  III.  Analysis  of  Synthetic  Sa 

mples 

Sample 

AhOs  Added,  % 

AI2O3  Found,  % 

1 

15.32 

15.30 

2 

15.32 

15.39 

3 

15.32 

15.34 

4 

15.32 

15.32 

5 

15.32 

15.31 

Table  IV. 

Analysis  of  Routine  Laboratory  Samples 

Sample 

Type  of  Catalyst 

AhOa,  Wt.  % 

1 

Si02— AI2O3 

4.54 

4.56 

2 

SiOsj-AhOa 

7.73 

7.69 

3 

SiCh-AbOa 

9.20 

9.22 

4 

Si02— AI2O3 

14.73 

14.77 

5 

SiOa-AhO. 

17.70 

17.65 

6 

SiOg— AI2O3 

26.60 

26.64 

7 

Si02-Al2C>3 

30.60 

30.50 

The  precision  that  is  obtained  w  hen  the  procedure  is  applied 
on  a  routine  basis  is  illustrated  by  the  results  in  Table  I\  .  These 
analyses  wrere  made  on  a  few  typical  catalyst  samples  that  were 
submitted  to  the  analytical  laboratory  for  aluminum  determina¬ 
tions. 


DISCUSSION 

The  volumetric  method  reduces  the  time  required  for  a  deter¬ 
mination  of  aluminum  in  catalysts  from  about  8  hours  by  the 
gravimetric  method  to  about  2  hours.  This  means  a  saving 
not  only  in  time  but  also  in  expensive  platinum  apparatus. 

It  is  necessary  that  the  hydrochloric  acid  be  standardized 
against  standard  aluminum  sulfate  solutions.  The  normality  of 
the  solution  used  in  the  work  reported  here  was  about  3%  higher 
when  determined  by  the  titration  of  aluminum  than  when  stand¬ 
ardized  against  sodium  carbonate.  Since  this  wrork  wras  com¬ 
pleted,  it  has  been  found  that  aluminum  potassium  sulfate  can 
be  used  as  a  primary  standard  for  the  hydrochloric  acid  solution. 

When  fairly  large  amounts  of  other  ions  that  form  complexes 
with  tartrate  are  present,  more  of  the  sodium  tartrate  solution 
must  be  added  or  low  results  will  be  obtained.  Examples  of  such 
ions  are  lead,  iron,  and  magnesium. 
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Activated  Glycerol  Dichlorohydrin 

A  New  Colorimetric  Reagent  for  Vitamin  A 
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Activated  slycerol  dichlorohydrin  is  suggested  as  a  new  reagent 
to  replace  glycerol  dichlorohydrin  as  obtained  from  various  manufac¬ 
turers,  which  has  been  found  unreliable  as  a  colorimetric  reagent 
for  vitamin  A.  The  activated  reagent  is  prepared  by  vacuum  dis¬ 
tillation  of  glycerol  dichlorohydrin  with  antimony  trichloride. 
A  spectrophotometric  study  was  made  of  the  violet  color  produced 
by  the  addition  of  activated  glycerol  dichlorohydrin  to  a  solution  of 
vitamin  A  in  chloroform.  The  color  has  been  found  to  be  stable 
from  2  to  1 0  minutes  after  addition  of  the  reagent  at  the  wave  length 
of  maximum  absorption,  555  m/x.  The  color  obeys  Beer’s  law 
over  a  wide  range.  Free  and  esterified  vitamin  A  give  the  same 
extinction  coefficient  with  the  reagent.  The  interference  of  vitamin 
D2  and  related  sterols  is  negligible.  Vitamin  A  and  carotene  can  be 
determined  simultaneously  by  reading  at  555  and  800  m/x  on  the 
Beckman  spectrophotometer  or  carotene  interference  can  be  evalu¬ 
ated  by  the  method  of  Dann  and  Evelyn.  The  activated  reagent  is 
unaffected  by  traces  of  moisture  found  in  the  atmosphere  on  the 
most  humid  days,  and  leaves  no  deposit  of  antimony  oxychloride  on 
the  cuvettes. 

RECENTLY  (4)  the  authors  proposed  the  use  of  practical 
glycerol  dichlorohydrin  as  a  new  reagent  for  the  quantita¬ 
tive  estimation  of  vitamin  A.  Later  it  was  found  that  glycerol 
dichlorohydrin  from  other  firms,  and  most  of  that  from  Eastman 
Kodak,  did  not  give  color  when  added  to  vitamin  A. 

By  distilling  glycerol  dichlorohydrin  with  1  to  5%  antimony 
trichloride  at  4-  to  40-mm.  pressure,  a  reagent  was  obtained  which 
reacted  with  vitamin  A  as  did  the  practical  material.  Activation 
could  also  be  obtained  by  the  addition  of  concentrated  hy¬ 
drochloric  acid,  acetyl  chloride,  phosphorus  pentachloride, 
anhydrous  aluminum  chloride,  and  benzoyl  chloride.  Concen¬ 
trated  sulfuric  acid,  zinc  chloride,  and  stannic  chloride  gave  blue 
colors  which  did  not  change  to  violet.  Glycerol  2,3-dichloro- 
hydrin,  glycerol  1,3-dibromohydrin,  and  glycerol  2,3-dichloro- 
hydrin  wrhen  activated  gave  blue  colors  changing  to  violet. 
Acetylated  glycerol  dichlorohydrin  does  not  react  with  vitamin  A 
even  when  activated. 

The  concentration  of  antimony  calculated  as  the  trichloride 
in  the  activated  reagent  varied  from  a  trace  to  0.67%.  The 
activation  of  the  reagent,  however,  is  not  due  to  antimony  tri¬ 
chloride  per  se,  since  glycerol  dichlorohydrin  to  which  0.1  to 
1.0%  of  antimony  trichloride  is  added  is  inactive  toward  vitamin 
A. 

Although  activated  and  practical  glycerol  dichlorohydrin  re¬ 
act  in  an  apparently  similar  manner  with  vitamin  A,  several  dif¬ 
ferences  were  observed  which  indicates  that  they  are  not  iden¬ 
tical.  (1)  The  absorption  spectrum  produced  on  the  addition 
of  carotene  to  the  two  reagents  is  different  (see  Figure  1).  Be¬ 
tween  400  and  550  m/t  the  color  given  with  activated  glycerol 
dichlorohydrin  has  a  much  lower  absorption  curve  than  the 
color  produced  with  the  practical  reagent.  (2)  With  the 
practical  reagent  at  550  m/x  at  the  end  of  15  minutes  the  L  values 
of  vitamin  D2,  ergosterol,  and  7-dehydrocholesterol  are  11.28, 
1.13,  and  0.08  (3),  respectively,  while  with  the  activated  reagent 
the  L  values  are  6.90,  0.25,  and  0.29,  respectively.  [The  term 
A  cm.  was  introduced  by  Dann  and  Evelyn  (1 )  for  use  with  photo¬ 
electric  colorimeters  which  employ  a  band  width  of  light  30  to  40 
wide.  The  authors  have  used  the  term  with  a  Coleman 
universal  spectrophotometer  model  11  because  it  employs  a  band 


of  light  35  m/x  wide  (4).  Throughout  this  paper  L\%m  is  usee 
f°r^'ork  done  on  the  Coleman  model  11  spectrophotometer,  anc 
A  cm.  f°r  work  done  on  the  Beckman  quartz  spectrophotometer. 
(3)  The  L  value  with  vitamin  A  of  the  practical  glycerol  di 
chlorohydrin  varied  between  1010  and  1100,  that  of  the  activatec 
reagent  varied  between  1100  and  1270. 

A  study  was  made  of  the  reproducibility  of  the  activatec 
reagent  under  constant  use  and  kept  at  room  temperature 
From  Table  I  it  can  be  seen  that  three  different  batches  o 
glycerol  dichlorohydrin  vacuum-distilled  with  2%  antimonj 
trichloride  gave  average  L\fm  _,  550  m/x,  at  2  minutes,  using  con 
centrations  of  vitamin  A  between  2  and  5  micrograms,  of  1210 


Table  I.  Stability  of  Reagent  Glycreol  Dichlorohydrin  Distillec 
with  2%  Antimony  Trichloride 


Batch  No. 


1 


2 


Date  Tested 


June  6 
June  14 
June  20 
June  27 
July  9 
July  16 

Aug.  7 
Aug.  29 
Sept.  7 


■^lcm.’  x  550 

Single  deter- 
Average  value  mination  on 
for  2  to  5  7  of  2  to  5  7  of 
vitamin  A  vitamin  A 

1210  ±  33 

.  1210 

.  1270 

.  1240 

.  1200 

.  1260 

1230  ±42 

.  1230 

.  1190 
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WAVELENGTH,  IN  m/4 

Figure  1.  Absorption  Curves  of  Green  Colors  Produced  by 
Activated  and  Practical  Glycerol  Dichlorohydrin  on  Carotene 

90%  of  0,  10%  of  a.  5.0  ml.  of  reaction  mixture  contained  108.8  micrograms  o 
carotene.  Readings  taken  on  Coleman  spectrophotometer 
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Figure  2.  Absorption  Curves  of  Violet  Colors  Produced  by 
4.89  Micrograms  of  Alcohol  and  4.90  Micrograms  of  Acetate 
with  Activated  Glycerol  Dichlorohydrin 


Total  volume  of  reaction  mixture  in  each  case,  5.0  ml. 

Beckman  spectrophotometer 


Readings  taken  on 
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Figure  3.  Stability  of  Violet  Color  Produced  by  Action  of  4.07  Micro 
grams  of  Vitamin  A  with  Activated  Glycerol  Dichlorohydrin 


As  shown  by  density  readings  on  Beckman  spectrophotometer  at  555  m)i. 
of  reaction  mixture,  5.0  ml. 


Total  volume 


1235,  and  1170.  Although  there  is  a  10%  difference  in  the  Ll  '°m. 
values  between  batches  1  and  3,  it  has  been  the  authors’  experi¬ 
ence  that  when  reagents  are  prepared  from  the  same  batch  under 
constant  conditions  of  pressure  and  antimony  trichloride  concen¬ 
tration,  reproducible  reagents  result.  (By  reproducible  reagents 
are  meant  those  that  give  the  same  L\^°m  with  vitamin  A.)  One 
batch  of  activated  glycerol  dichlorohydrin  kept  in  a  Pyrex 
bottle  in  the  absence  of  light  lost  only  5%  of  its  activity  in  14 
months. 

From  Table  I  can  be  had  a  measure  of  the  stability  of  the 
reagent.  The  third  column  gives  the  average  value  and 

the  average  deviation  from  this  value  for  three  batches  of  acti¬ 
vated  glycerol  dichlorohydrin,  for  concentrations  of  vitamin  A 
between  2  and  5  micrograms.  In  the  last  column  are  presented 
L values  for  single  determinations  for  one  particular  concen¬ 
tration  of  vitamin  A  between  2  and  5  micrograms.  It  can  be 
seen  from  the  table  that  the  reagent  possesses  good  stability 
for  about  2  months.  After  that  time  there  is  a  slow  decrease  in 
the  L\°(?uu  value  given  by  the  reagent. 

In  Figure  2  is  presented  the  absorption  spectrum  taken  on  the 
Beckman  spectrophotometer  from  320  to  750  m,u  of  the  violet 
color  produced  by  the  reaction  of  activated  glycerol  dichloro¬ 
hydrin  with  crystalline  vitamin  A  alcohol  and  crystalline  vitamin 
A  acetate.  In  order  to  be  within  the  period  of  stability  for  the 
maxima,  the  readings  were  taken  from  2  to  10  minutes  after 
mixing  the  reagents  because  the  violet  color  was  found  to  be 
stable  from  2  to  10  minutes,  as  seen  in  Figure  3. 

The  of  the  color  produced  by  the  action  of  activated 

glycerol  dichlorohydrin  on  the  crystalline  alcohol  was  1270 
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at  its  maximum  wave  lengths  of  553  to  556  m /r,  while  the  El  cm 
of  the  color  produced  with  the  crystalline  acetate  at  its  maximum 
wave  lengths  of  553  to  556  m/r.  was  1350  calculated  for  vitamin  A 
content. 

The  shapes  of  the  two  curves  are  very  similar.  The  smaller 
extinction  of  the  alcohol  compared  to  that  of  the  acetate  may  have 


been  due  to  either  of  two  reasons:  deterioration  of  the  alcohol 
or  an  inherent  difference  in  the  reaction  of  the  alcohol  and  ace¬ 
tate  with  activated  glycerol  dichlorohydrin. 

In  order  to  determine  which  of  these  conclusions  was  the  cor¬ 
rect  one,  the  extinctions  of  the  colors  produced  by  the  action 
of  activated  glycerol  dichlorohydrin  on  a  distilled  natural  ester 
concentrate  and  upon  the  unsaponifiable  fraction  of  the  same  con¬ 
centrate  were  calculated  from  the  observed  density  readings  at 
the  maxima.  Figure  4  shows  the  absorption  curves  of  these 
colors.  For  the  whole  oil,  the  at  the  maxima  of  553  to  556 

mu  was  1420,  while  that  for  the  unsaponifiable  extract  was  1410- 
Obviously,  there  is  no  appreciable  difference  in  the  behavior  of 
the  alcohol  and  ester  toward  glycerol  dichlorohydrin,  between  400 
to  750  mu,  and  the  lower  extinction  observed  above  is  probably 
due  to  some  deterioration  of  the  crystalline  alcohol.  (The  Ey 
325  m ii,  in  absolute  ethanol  of  the  crystalline  vitamin  A  alcohol 
was  1740,  and  its  extinction  ratios  of  300/328  and  350/328  m/it 
were  0.69  and  0.49,  respectively.)  The  upward  trend  of  the  curve 
from  400  to  320  mu  was  due  to  something  in  the  particular 
batch  of  concentrate  used  which  reacted  with  the  acti¬ 
vated  reagent,  because  using  the  same  batch  of  reagent 
and  other  batches  of  concentrate,  the  upward  sweep  was 
not  observed,  nor  was  it  observed  with  crystalline  vitamin 
A  alcohol  and  acetate  (see  Figure  2). 

Since  most  of  the  authors’  work  on  vitamin  A  determi¬ 
nations  is  done  on  the  less  expensive  Coleman  model  11 
spectrophotometer,  the  absorption  spectrum  of  the  violet 
color  produced  with  the  whole  oil  of  the  above  concentrate 
and  activated  glycerol  dichlorohydrin  was  read  from  400 
to  700  m ii  on  this  instrument.  It  is  plotted  in  Figure  5 
along  writh  the  absorption  spectrum  of  the  same  color 
taken  on  the  Beckman  spectrophotometer.  On  the 
Coleman,  the  L\^°m  was  1140  at  the  maximum  of  550  m/z,  while 
on  the  Beckman  the  E\°%m  was  1420  at  the  maximum  wave  lengths 
of  553  to  556  m,u.  Not  only  has  the  wave  length  of  the  maxi¬ 
mum  shifted  in  using  the  Coleman,  but  the  height  of  the  maximum 
has  decreased  and  is  more  flat.  This  is  to  be  expected,  since  the 
Coleman  employs  a  band  w'idth  of  about  35  m/j.  as  compared  to 
the  band  width  of  5  m^  or  less  which  the  authors  used  with  the 
Beckman  instrument.  Similar  results  were  obtained  by  Mellon 
(2)  using  two  spectrophotometers,  one  with  a  band  width  of  5 
m/u,  the  other  with  a  band  width  of  35  m/z.  Upon  plotting  the 
per  cent  transmittancy  of  a  Corning  glass  512,  he  found  that  with 


Figure  4.  Absorption  Curves  of  Colors  Produced  by  Activated 
Glycerol  Dichlorohydrin  on  a  Natural  Vitamin  A  Ester  Concen¬ 
trate  (3.71  Micrograms  of  Vitamin  A)  and  on  Unsaponifiable 
Fraction  of  Same  Batch  of  Concentrate  (4.47  Micrograms  of 

Vitamin  A) 


Total  volume  of  reaction  mixture  in  each  case,  5.0  ml. 

spectrophotometer 


Readings  taken  on  Beckman 
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Table  II.  Relation  between  Concentration  and  Extinction  Co¬ 
efficient  of  Color  Produced  on  Addition  of  Activated  Glycerol 
Dichlorohydrin  to  Vitamin  A 


Concentration  of 

jpl%  rr.  a 

rl%  --A  k 

Vitamin  A,  y/5  Ml. 

E1  cm.  500 

L1  cm.  00°  milb 

0.94 

1020 

1060 

1.36 

1250 

1130 

1.87 

1290 

1140 

2.73 

1340 

1140 

2.81 

1300 

1110 

3.74 

1330 

1110 

4.68 

1330 

1100 

6.82 

1310 

1060 

8.18 

1290 

1050 

9.36 

1290 

1010 

13.63 

1250 

970 

18.71 

1180 

900 

28.07 

1090 

800 

WM£LENGTH,  /A/ 


Figure  5.  Absorption  Spectrum  on  Beckman  and  Coleman 
Spectrophotometers  of  Violet  Color  Produced  by  Activated 
Glycerol  Dichlorohydrin  with  4.82  Micrograms  of  Vitamin  A 
of  a  Whole  Vitamin  A  Natural  Ester  Concentrate 
Total  volume  of  reaction  mixture  in  each  case,  5.0  ml. 


Coleman  spectrophotometer  is  used  and  7.35  with  the  Beckman 
spectrophotometer.  This  may  be  compared  with  a  5%  inter¬ 
ference  in  the  antimony  trichloride  method. 

The  carotene  interference  may  be  evaluated  by  the  method  of 
Dann  and  Evelyn  ( 1 )  with  activated  glycerol  dichlorohydrin, 
just  as  in  the  case  of  antimony  trichloride. 

A  second  method  of  evaluating  carotene  is  suggested  from  the 
data  plotted  in  Figure  7,  where  the  absorption  spectra  of  crystal¬ 
line  vitamin  A  acetate  and  carotene  treated  with  activated 
glycerol  dichlorohydrin  are  compared.  Above  630  m/x  the  vita¬ 
min  A  color  no  longer  absorbs  light,  whereas  the  carotene  color 
continues  absorbing  light  beyond  this  point.  Thus,  by  taking 
readings  at  two  wave  lengths,  555  and  800  m /*,  one  can  evaluate 
both  carotene  and  vitamin  A,  as  the  optical  densities  are  additive 
as  shown  in  Table  IV. 


APPARATUS 


A  Beckman  Model  DU  Quartz  Spectrophotometer  with  a 
tungsten  light  source  and  Corex  cells  of  1.00-cm.  absorption  path 
was  employed  for  the  region  of  320  to  750  m/x.  The  wave¬ 
length  setting  of  the  instrument  was  calibrated  with  405  and  546 
nm  lines  obtained  by  using  a  mercury  arc  as  a  light  source. 
Throughout  the  measurements  the  sensitivity  knob  was  kept  at 
three  turns  from  its  clockwise  limit.  The  slit  width  was  varied 
to  get  100%  transmission  of  the  blank.  The  following  table 
shows  the  variation  of  slit  width  and  band  width  with  the  wrave 
length  for  readings  of  the  violet  color  produced  with  activated 
glycerol  dichlorohydrin. 


Wave  Length.  Range, 
mu 

320-390 

400-500 

500-600 

600-630 

630-700 


Slit  Width  Variation, 
Mm. 

1.8-0.15 

0.075-0.028 

0.028-0.042 

0.042-0.064 

0.064-0.040 


Band  Width  Variation, 
m  m 

8.16-1.41 
0.75-0.56 
0 . 56-1 . 43 
1 . 43-2 . 38 
2.38-1.90 


Readings  wrnre  taken  at  1  m.u  intervals  near  the  maxima,  other¬ 
wise  at  10  m/i  intervals. 

Coleman  Universal  Spectrophotometer,  model  11,  was 
used  for  measurements  with  a  PC-4  filter  in  the  region  of  400  to 
700  m^.  The  instrument  was  calibrated  according  to  the 
directions  given  by  the  manufacturer.  This  instrument  employs 
a  band  of  light  35  m.u  wide  (which  can  be  located  with  a  precision 
of  less  than  2  m.u).  For  this  reason  values  are  reported 

instead  of  values,  winch  are  used  for  monochromatic  light. 

Direct  readings  of  per  cent  transmission  were  made  on  the  gal¬ 
vanometer  scale  by  setting  the  blank  at  100.  The  absorption 
path  was  1.3  cm.  Readings  were  taken  at  10  mu  intervals. 


the  latter  type  of  instrument  some  maxima  not  only  wnre  de¬ 
creased  (had  lower  extinction  values)  and  shifted,  but  might  even 
be  eliminated  altogether. 

Figure  6  shows  the  density  per  unit  of  absorption  path  as  a 
function  of  the  concentration  of  vitamin  A  from  1  to  28  micro¬ 
grams  for  both  the  Coleman  and  Beckman  spectrophotometers. 
Density  and  per  cent  transmission  readings  were  made  at  the 
end  of  2  minutes.  Table  II  shows  the  E\^°m  and  L\^°m  for  vari¬ 
ous  concentrations  of  vitamin  A.  On  the  Beckman,  a  nearly  lin¬ 
ear  relation  was  observed  between  1.36  and  13.63  micrograms  of 
vitamin  A.  Between  these  tw7o  values,  the  average  extinction 
was  1300,  with  an  average  deviation  of  ±24.  On  the  Coleman 
a  nearly  linear  relation  was  observed  within  a  smaller  range  of 
vitamin  A'  concentration  than  on  the  Beckman.  Between  1.36 
and  4.68  micrograms,  the  average  L \^°m-  was  1120  ±  15.  Al¬ 
though  higher  concentrations  of  vitamin  A  were  not  tested  with 
this  batch  of  reagent,  the  authors  have  found  that  the  nearly 
linear  relation  does  hold  up  to  about  5.5  micrograms  on  the 
Coleman. 

The  interference  of  carotene,  vitamin  D.,  and  other  related 
sterols  in  the  estimation  of  vitamin  A  with  activated  glycerol 
dichlorohydrin  was  studied  by  measuring  the  absorption  of  the 
colored  solutions  produced  under  the  same  conditions  as  were 
employed  for  vitamin  A  measurements.  As  seen  in  Table  III, 
the  interferences  with  the  exception  of  carotene  are  negligible. 
The  error  due  to  an  equal  weight  of  carotene  is  11.0%  when  the 


REAGENTS 

Glycerol  Dichlorohydrin,  practical  grade  of  Eastman 
Kodak.  l,3-dichloro-2-hydroxypropane  from  Ohio  Chemical 
Mfg.  Co.  A  mixture  of  the  1,3-  and  2,3-dichlorohydrins  from 
the  Shell  Chemical  Co. 

Activated  Glycerol  Dichlorohydrin.  To  1000  ml.  of  any 
of  the  above  glycerol  dichlorohydrins  were  added  100  ml.  of 
chloroform  containing  10  to  50  grams  of  dissolved  antimony 


Table  III.  Interference  of  Carotene,  Vitamin  D2,  and  Related  Sterols 
on  Reaction  of  Glycerol  Dichlorohydrin  with  Vitamin  A 


Concen- 

Time  after  Adding 
Reagent- 

Interfer¬ 
ence  at  2 

tration 

2  Min. 

5  Min. 

10  Min. 

Minutes 

^m.X555 

Mg./ 100 
ml. 

% 

Vitamin  A 

0.06 

1390 

1390 

1390 

£}ln.X555 

Carotene 

1.31 

102 

114 

122 

• 

7.35 

L\fm.  X  550 

Vitamin  A 

0.06 

1150 

1150 

1150 

X  550 

Carotene 

2.18 

126 

132 

132 

11.00 

^llm^550 

Calciferol 

62.6 

1.79 

4.03 

6.25 

0.16 

^m^550 

Ergosterol 

52.2 

0.14 

0.14 

0.19 

0.01 

7-Dehydro- 

cholesterol  33.4 

0.21 

0.21 

0.21 

0.02 

Llfm.  X  550 

Cholesterol 

160.0 

0.00 

0.00 

0.00 

0.00 

September,  1946 
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Figure  6.  Relation  between  Absorption  at  Maximum, 
and  Vitamin  Concentration 

Total  volume  of  reaction  mixture,  5.0  mi. 


WAVELENGTH,  IN  mu 

Figure  7.  Absorption  Curves  of  the  Colors  Produced  by  Activated 
Glycerol  Dichlorohydrin  on  4.90  Micrograms  of  Vitamin  A  Acetate  and 
65.44  Micrograms  of  Carotene 

90%  of  $,  10%  of  a.  Total  volume  of  the  reaction  mixture  in  each  case,  5.0  ml. 
Readinss  taken  on  Beckman  spectrophotometer 


trichloride  (prepared  without  anhydrous  precautions).  Later, 
it  was  found  that  the  solid  can  be  added  directly.  The  solutions 
were  mixed  and  distilled  under  a  reduced  pressure  of  4  to  40  mm. 
of  mercury  in  an  all-glass  apparatus.  The  chloroform  fraction 
was  discarded  and  the  product  collected  and  stored  in  a  dry  glass- 
stoppered  bottle  at  room  temperature.  The  dichlorohydrins 
irom  the  Shell  Chemical  Co.  were  somewhat  less  satisfactory  in 
the  preparation  of  activated  glycerol  dichlorohydrin  because 
they  required  two  distillations  with  antimony  trichloride  before 
a  colorless  reagent  was  obtained.  The  product  thus  obtained 
became  colored  in  3  to  4  weeks. 

Chloroform,  analytical  reagent  grade,  dried  over  anhydrous 
sodium  sulfate,  distilled,  and  kept  over  the  same  drying  agent. 

Antimony  Trichloride,  reagent  grade,  Merck. 

Crystalline  Vitamin  A  Alcohol  and  crystalline  vitamin  A 
acetate  from  Distillation  Products,  Inc. 

Distilled  Vitamin  A  Natural  Ester  Concentrate,  Con¬ 
trol  No.  PC-3,  from  Distillation  Products,  Inc.,  which  comes  in 
sealed  gelatin  capsules.  The  E\^°m  of  the  concentrate  in  ab¬ 
solute  ethanol  was  100.75.  Taking  the  E\^°m  from  crystalline 
vitamin  A  as  1780,  the  concentrate  was  found  to  contain  5.65% 
vitamin  A.  The  concentrate  from  each  capsule  was  used  for 
one  day  only.  The  above  data  for  the  oil  were  supplied  by  Dis¬ 
tillation  Products,  Inc.,  and  were  confirmed  by  the  authors’ 
measurements. 

COLOR  DEVELOPMENT 

All  dilutions  were  made,  and  all  colors  were  developed  in  a 
constant-temperature  bath  at  25°  C. 

To  4.0  ml.  of  activated  glycerol  dichlorohydrin  in  a  10-ml. 
glass-stoppered  cylinder,  was  added  1  ml.  of  chloroform  contain¬ 
ing  the  desired  concentration  of  vitamin  A,  carotene,  or  both. 
The  mixture  was  shaken  several  times  to  ensure  homogeneity  and 
placed  in  the  water  bath  until  ready  to  be  read  in  the  spectro¬ 
photometer. 

All  density  readings  reported  in  this  paper  are  the  averages  of 
duplicate  determinations.  • 

SUMMARY 

Glycerol  dichlorohydrin  from  various  sources  does  not  always 
produce  color  with  vitamin  A.  By  distilling  glycerol  dichloro¬ 
hydrin  with  1  to  5%  of  antimony  trichloride  under  reduced  pres¬ 
sure,  a  reagent  results  which  behaves  similarly  to  practical  glycerol 
dichlorohydrin  in  giving  a  transient  blue,  then  violet,  color  with 
vitamin  A  which  is  stable  for  8  minutes,  is  not  affected  by  traces 
of  moisture  present  in  the  atmosphere  on  the  most  humid  days, 
and  does  not  leave  a  white  deposit  of  antimony  oxychloride  on 
the  cuvettes.  The  activated  reagent  differs  from  the  practical 
in  its  behavior  toward  carotene  and  various  sterols. 


Table  IV.  Mixed  Color  Method  for  Estimation  of  Vitamin  A  and 
Carotene  Mixtures  by  Activated  Glycerol  Dichlorohydrin 


Vitamin  A 

Carotene 

Observed  Density 

Calculated  Density 

7 /ml. 

3.98 

7 /ml. 

555  m/x 

0.115 

800  m/4 

0.00 

555  m/4 

800  mfi 

10.88 

0.027 

0  136 

21 .76 

0.056 

0.291 

32.64 

0 . 085 

0 . 439 

43 . 52 

0.113 

0.580 

3.98 

10.88 

0.146 

0.131 

0.142 

0.i36 

3.98 

21.76 

0.173 

0.284 

0. 171 

0.291 

3.98 

32.64 

0.198 

0.442 

0.200 

0.439 

3.98 

43.52 

0.224 

0.580 

0.228 

0.580 

The  absorption  spectrum  was  taken  on  the  Beckman  spectro¬ 
photometer  between  320  and  750  ma  of  the  violet  color  produced 
by  the  action  of  activated  glycerol  dichlorohydrin  with  crystalline 
vitamin  A  alcohol,  crystalline  vitamin  A  acetate,  a  natural  ester 
concentrate,  and  its  unsaponifiable  fraction.  In  each  case  the 
observed  maxima  were  between  553  and  556  m/x.  The  E\  of 
the  vitamin  A  in  the  natural  ester  concentrate  and  its  unsaponi¬ 
fiable  fraction  were  almost  identical,  1420  and  1410,  respectively. 
A  nearly  linear  relationship  was  observed  at  555  m /j.  between  1.26 
and  13.63  microgram?  of  vitamin  A  and  optical  density. 

On  the  Coleman  model  11  spectrophotometer,  the  maximum 
has  shifted  to  550  m^.  The  L\°^m  value  is  about  20%  lower  than 
the  Ey£m  value  on  the  Beckman.  On  the  Coleman,  a  nearly 
linear  relationship  between  vitamin  concentration  and  optical 
density  existed  between  2  and  5.5  micrograms  of  vitamin  A. 

Under  the  conditions  employed  for  vitamin  A  determinations 
using  activated  glycerol  dichlorohydrin,  the  interference  of 
vitamin  D  and  related  sterols  is  negligible. 

The  carotene  interference  can  be  evaluated  by  the  method  of 
Dann  and  Evelyn  or  by  reading  at  555  and  800  m,u  on  the  Beck¬ 
man  spectrophotometer,  since  the  violet  vitamin  A  color  does 
not  absorb  at  800  m/i. 
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Amperometric  Titration  of  Cyanide  with  Silver  Nitrate, 
Using  the  Rotating  Platinum  Electrode 

H.  A.  LAITINEN,  W.  P.  JENNINGS,  AND  T.  D.  PARKS1,  Noyes  Chemical  Laboratory,  University  of  Illinois,  Urbana,  III. 


The  amperometric  titration  of  cyanide  with  silver  is  equal  in  accu¬ 
racy  and  precision  to  the  visual  Deniges  method,  and  is  applicable  at 
much  higher  dilution.  Chloride,  bromide,  hydroxide,  and  high 
concentrations  of  potassium  nitrate  or  sulfate  do  npt  interfere. 


IT  HAS  been  shown  by  Thompson  (19),  who  used  very  pure 
potassium  cyanide  as  a  primary  standard  substance,  that  the 
silver  nitrate  titration  of  cyanide  to  Ag(CN)2~  is  more  accurate 
than  the  mercuric  chloride  titration  Wick  (21)  showed,  however, 
that  the  potentiometric  mercuric  chloride  titration  is  accurate. 
The  original  method  of  Liebig  (12),  based  on  the  formation  of  a 
turbidity  due  to  silver  cyanide,  is  subject  to  error  in  alkaline  (3, 
18)  and  ammoniacal  (8,  21)  solution.  The  Deniges  (4)  titration, 
based  on  a  turbidity  due  to  silver  iodide  in  the  presence  of  am¬ 
monia,  gives  high  results  in  the  presence  of  a  large  excess  of 
ammonia  (8,  9,  20,  21),  but  yields  accurate  results  if  the  concen¬ 
tration  of  ammonia  is  carefully  regulated  (8,  9, 19,  21). 

The  potentiometric  titration  of  cyanide  with  silver  has 'been 
described  by  Treadwell  (20),  Muller  and  Lauterbach  (16),  and 
Clark  (2).  Wick  (21)  concluded  that  the  potentiometric  titra¬ 
tion  gives  accurate  results.  Read  and  Read  (17)  suggested  a  bi¬ 
metallic  electrode  titration,  and  Gregory  and  Hughan  (6),  using 
the  null-point  equivalence  potential  method  of  Cavanagh  (1), 
report  that  the  potentiometric  method  is  superior  to  the  Liebig 
method  (6)  for  the  determination  of  cyanide  in  plating  solutions. 
The  potentiometric  method  has  also  been  used  for  the  indirect 
determination  of  nickel  (14),  cobalt  (15),  and  zinc  (7,  13). 

The  successful  amperometric  titrations  of  halides  with  silver 
nitrate  using  the  rotating  platinum  electrode  (10,  11)  suggested 
a  similar  method  for  cyanide.  The  present  paper  describes  an 
accurate  comparison  of  the  amperometric  end  point  with  the 
Deniges  titration,  which  has  been  proved  to  be  accurate  to 
within  0.2%  and  probably  0.1%  by  reference  to  pure  potassium 
cyanide  (19)  and  to  the  potentiometric  end  point  (19,  21). 

EXPERIMENTAL 

A  0.500  N  solution  of  reagent  quality  silver  nitrate  and  a  1.0  M 
solution  of  c.p.  potassium  cyanide  in  04  N  sodium  hydroxide 
were  compared  accurately,  using  weight  burets,  finishing  each 
titration  with  0.01  N  silver  nitrate  prepared  by  diluting  aknown 
weight  of  stock  solution  to  a  known  volume,  and  using  a  volume 
buret  for  the  final  titration.  The  end  point  was  observed  by 
both  the  visual  (Deniges)  and  amperometric  methods.  No  blank 
correction  was  applied  to  the  visual  end  point. 

For  the  amperometric  titration,  the  apparatus  and  technique 
previously  described  (10)  were  used,  with  the  mercury-mercuric 
iodide-potassium  iodide  reference  electrode  and  a  galvanometer 
sensitivity  of  about  0.02  microampere  per  mm.  The  residual 
current  before  the  end  point  was  extremely  small,  and  very  sharp 
end  points  were  observed.  Between  titrations,  the  silver  was 
removed  from  the  platinum  electrode  by  anodic  polarization  or 
by  using  nitric  acid  to  prevent  an  anodic  residual  current  due  to 
dissolution  of  silver  in  the  cyanide  solution.  If  nitric  acid  was 
used  to  remove  the  silver,  the  electrode  was  allowed  to  stand  in 
ammonium  hydroxide  solution  for  a  few  minutes  before  rinsing 
with  water  and  using  it  again. 

In  Table  I,  experimental  data  are  presented  for  the  titration 
of  20-gram  samples  of  1.0  M  potassium  cyanide,  diluted  to  about 
100  ml.  with  0.1  #  sodium  hydroxide  to  give  a  final  cyanide 
concentration  of  0.2  M  (0.1  N  with  respect  to  silver).  For  pur¬ 
poses  of  calculation,  the  silver  nitrate  solution  was  assumed  to  be 


exactly  0.5  N  (weight  basis).  The  two  end  points  are  compar 
able  in  precision  and  yield  the  same  answer  to  about  0.1%  in  the 
titration  of  0. 1  M  cyanide. 

To  compare  the  two  end  points  for  more  dilute  solutions  o 
cyanide,  accurate  dilutions  of  the  two  stock  solutions  were  madt 
by  diluting  known  weights  of  stock  solution  to  known  volumes 
All  dilutions  were  carried  out  with  0.1  If  sodium  hydroxide,  t< 
prevent  loss  of  hydrogen  cyanide  by  hydrolysis.  The  dilute  solu 
tions  were  then  compared  by  the  usual  volumetric  technique 
using  as  a  basis  of  calculation  the  average  normality  of  stocl 
cyanide  solution  determined  by  the  visual  end  point  (Table  I 
The  results  of  the  comparison  are  given  in  Table  II. 

The  two  end  points  were  comparable  in  precision  and  ac 
curacy  at  cyanide  concentrations  as  low  as  0.002  N. 

The  visual  end  point  became  indistinct  at  2  X  10“ 4  N  cyankl 
and  failed  at  higher  dilutions,  whereas  a  distinct  amperometri 
end  point  was  still  observed  in  titrating  4  X  10-6  N  cyanide  (8  > 
10-6  M)  with  5  X  10' 4  N  silver  nitrate.  In  general,  it  is  recom 
mended  that  for  the  amperometric  titration  a  fivefold  mor 
concentrated  silver  solution  than  cyanide  be  used  to  avoid  th 
necessity  of  correcting  the  current  for  dilution  effect.  For  th 
titration  of  very  dilute  cyanide,  the  lowest  practical  limit  fo 
silver  nitrate  concentration  is  of  the  order  of  5  X  10'4  N  to  obtaii 
a  distinct  end  point. 


Table  I.  Comparison  of  Visual  and  Amperometric  End  Points  i 
Titration  of  0.1  M  Cyanide 


V  =  visual,  A  =  amperometric  end  point 


Normality  of 

Deviation 

KCN 

AgNCh 

Stock  KCN,  • 

from 

End 

Solution 

Solution 

Calcd. 

Mean 

Point 

Grams 

Grams 

% 

19.737 

20.068 

0 . 50839 

-0.07 

V 

19.806 

20.168 

0.50914 

+  0.08 

V 

19.142 

19.479 

0.50880 

+  0.01 

V 

20.470 

20.828 

0.50874 

0.00 

V 

20.185 

20.532 

0 . 50864 

-0.03 

V 

Av.  0.50873 

±0.04 

19.853 

20.173 

0 . 50808 

+  0.02 

A 

18.763 

19.058 

0.50786 

-0.06 

A 

20.920 

21.278 

0 . 50856 

+  0.08 

A 

19.967 

20 . 302 

0.50839 

-j-  0 . 05 

A 

19.911 

20.225 

0.50791 

-0.05 

A 

Av.  0.50816 

±0.05 

Table  II.  Comparison  of  Visual  and  Amperometric  Titration  < 
100  Ml.  of  Dilute  Potassium  Cyanide  in  0.1  N  Sodium  Hydroxid 
with  Silver  Nitrate 


Approximate 
Normality  of 

Average 

Cyanide 

End  Point 

%  Error 

Error,  % 

0.02 

Visual 

+  0.3,  +0.2,  +0.3, 

+  0.5,  +0.1 

+  0.3 

Amperometric 

-0.3,  -0.3,  -0.4, 
-0.4,  -0.4 

0.4 

X  io-3 

Visual 

+  1.0,  +0.8,  +0.8, 

+  0.7,  +0.7 

+  0.8 

Amperometric 

-0.4,  -0.1,  -0.1, 
-0.1,  -0.1 

-0.2 

2  X  10-< 

Visual 

-0.3,  -3.1,  -3.3, 
-3.3,  -3.6 

-2.7 

Amperometric 

-2.7,  -2.7,  -2.6, 
-2.4 

-2.6 

2  X  10-s 

Visual 

No  end  point 

+  2.3 

Amperometric 

+  6.5,  -1.6,  +1.1, 

+  0.7,  +4.9 

4  X  lO-8 

Visual 

No  end  point 

Amperometric 

+  9.2,  +12.8,  +2.3, 
+  2.3,  -2.3 

+  4.9 

1  Present  address,  Shell  Development  Co.,  Emeryville,  Calif. 
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able  III.  Effect  of  Salts  and  Hydroxide  in  Titration  of  0.002  N 

Cyanide 

(In  0.1  N  sodium  hydroxide  unless  otherwise  stated) 

•  Average 


Salt  Added 

0.001  N  KC1 
0 . 004  N  KC1 
0.1  N  KC1 
0.001  N  KBr 
0.004  N  KBr 
O.liVKBr 

1.0  N  KNOa  +  0.02  N  NaOH 
l.OVKNOi  +  \  .0  N  NaOH 
0.5  M  KaSOa  +  0.02  N  NaOH 
Satd.  KaSO*  +  1.0  JV  NaOH 


%  Error 

Error,  % 

+0.6,  +0.6,  +0.4 

+0.5 

+  0.4,  +0.3,  +0.1 

+  0.3 

+  0.4,  -0.2,  +0.2 

+0.1 

-0.1,  +0.6,  +0.5 

+0.3 

+  0.3,  0.0,  +0.7 

+  0.3 

+  0.4,  +0.4,  +0.4 

+  0.4 

-0.2,  +0.1,  -0.4 

-0.2 

-0.8,  -0.8,  -0.6 

-0.7 

-0.2,  +0.1,  -0.1 

-0.1 

-0.8,  -0.6,  -0.2 

-0.5 

EFFECT  OF  CHLORIDE,  BROMIDE,  HYDROXIDE,  AND  HIGH 
CONCENTRATIONS  OF  SALTS 

A  series  of  titrations  of  0.002  N  cyanide  in  the  presence  of 
arious  concentrations  of  chloride,  bromide,  hydroxide,  nitrate, 
nd  sulfate  was  carried  out  (Table  III).  The  errors  again  were 

Emputed  with  reference  to  the  visual  end  point  titration  of  0.1  Ar 
anide.  In  general  the  results  are  accurate  to  within  0.5%  in  the 
esence  of  50-fold  excess  of  chloride  or  bromide  or  in  1  ./V  salt 
ilutions.  High  concentrations  of  alkali  tend  to  give  low  results. 


INTERFERENCES 

Iodide,  sulfide,  sulfhydryl  compounds,  etc.,  which  form  ex- 
emely  insoluble  silver  salts,  or  materials  which  form  more 
:able  complexes  with  silver  than  cyanide  does,  will,  in  general, 
pterfere. 
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Vapor-Liquid  Equilibrium  Still  For  Miscible  Liquids 
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\  new  apparatus  is  described  for  the  determination  of  vapor-liquid 
quilibrium  data;  it  consists  of  an  electrically  heated  still  fitted 
ith  a  Cottrell  pump,  a  vapor-liquid  disengagement  chamber,  and  a 
ondensate  trap.  Both  the  boiling  liquid  and  the  vapor  circulate 
ithin  the  apparatus,  and  boiling  points  may  be  determined  with 
ccuracy,  as  the  system  ensures  complete  equilibrium  between  the 
vo  phases.  A  simple  test  for  the  entrainment  of  liquid  in  the 
apor  is  described,  and  it  is  shown  that  in  the  new  apparatus  less 
lan  0.05%  entrainment  occurs  with  negligible  effect  upon  equi- 
brium  data. 

APOR-liquid  equilibrium  determinations  reported  by  dif¬ 
ferent  investigators  frequently  show  wide  inconsistencies, 
nd  it  is  only  rarely  that  a  new  examination  of  a  system  confirms 
revious  results.  Very  few  systems  are  known  to  form  ideal 
dutions,  whereby  the  vapor-liquid  relationships  may  be  cal- 
ilated  by  Raoult’s  law  from  vapor  pressures,  and  the  engineer 
lust  usually  depend  upon  experimental  data  for  the  design  of 
istillation  and  other  contacting  equipment.  It  is,  therefore,  not 
uprising  to  find  that  such  equipment  frequently  does  not  oper- 
te  to  the  predicted  specifications,  and  the  need  for  greater  re¬ 
ability  in  equilibrium  determinations  is  very  evident.  There  is 
jlso  a  need  for  the  accurate  measurement  of  other  physical  prop- 
■ties  of  systems,  such  as  boiling  points  and  vapor  pressure- 
mperature  relationships,  which  enable  the  calculation  of  ac- 
vity  coefficients  for  the  mathematical  correlation  and  extension 
f  results. 

Many  different  forms  of  apparatus  have  been  proposed  for  the 
xamination  of  the  vapor-liquid  relationships  of  miscible  liquids, 
ome  of  the  more  recent  are  those  of  Jones,  Schoenborn,  and  Col- 
urn  (d),  Langdon  and  Keyes  (6),  Othmer  (7),  and  the  modifica- 
ons  by  York  and  Holmes  (10).  From  a  careful  analysis  of 
iese  and  other  forms,  it  would  appear  that  no  one  type  of 


apparatus  so  far  described  is  entirely  free  from  possible  sources  of 
error,  and  a  still  operating  on  a  new  principle  is  described  in  this 
paper  in  the  hope  that  it  may  assist  in  progress  towards  the 
elimination  of  these  faults,  and  at  the  same  time  make  it  possible 
to  determine  accurately  the  true  boiling  points  of  the  mixtures 
being  investigated. 

Various  methods  have  been  adopted  to  prevent  partial  con¬ 
densation  and  refluxing  of  the  vapors.  These  methods  fall  gen¬ 
erally  into  one  or  other  of  two  main  classes,  in  which  either  the 
vapor  line  is  jacketed  with  tine  same  vapors,  or  some  form  of  ex¬ 
ternal  heating  is  applied  to  the  exposed  vapor-conveying  sections, 
respectively.  Combinations  of  the  two  methods  are  also  de¬ 
scribed.  Vapor-jacketing  when  used  alone  does  not  appear  to  be 
a  fully  effective  means  of  reflux-prevention.  This  is  particularly 
evident  with  liquids  of  high  boiling  point,  with  which  refluxing 
from  the  jacketed  vapor  line  may  become  visibly  quite  pro¬ 
nounced.  Further,  in  considerations  of  apparatus  of  this  type 
(7),  the  enrichment  of  the  vapors  with  respect  to  the  more  volatile 
component  before  they  reach  the  vapor  line  does  not  appear  al¬ 
ways  to  have  been  recognized.  It  is  obvious  that  this  enrichment 
can  occur  by  partial  condensation  on  the  outer  body  of  the  still 
at  all  points  above  the  level  of  the  boiling  liquid. 

In  several  forms  of  apparatus,  external  heating  is  adopted  to 
compensate  for  heat  losses  from  the  upper  parts  of  the  still  ( 1 , 
5,  6,  8,  10)  and  so  prevent  refluxing  of  the  vapors,  although  the 
danger  of  evaporation  of  thin  films  and  spray  droplets  on  such 
heated  surfaces  has  been  pointed  out  (7).  Despite  this  possi¬ 
bility  of  error,  the  method  appears  to  have  been  used  successfully. 
Carey  and  Lewis  (1)  have  surrounded  the  entire  vaporization 
chamber  with  an  accurately  heated  jacket,  and  the  careful  tech¬ 
nique  of  these  investigators  has  led  Jones  et  al.  ( 5 )  to  concede  that 
the  possible  sources  of  error  in  this  type  of  apparatus  may  not  be 
important  when  special  precautions  are  taken.  Nevertheless,  it 
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must  be  considered  a  disadvantage  that  the  accuracy  of  results 
should  depend  upon  strict  operating  conditions  which  cannot  al¬ 
ways  be  defined  clearly. 

Very  little  attention  has  been  given  to  the  difficulties  which 
are  undoubtedly  associated  with  ensuring  equilibrium  between  a 
boiling  liquid  mixture  and  its  vapor,  and  it  has  usually  been  as¬ 
sumed  that  the  vapor  attains  this  equilibrium  during  a  relatively 
short  passage  through  the  liquid  in  the  boiling  vessel,  or  in  a  sepa¬ 
rate  equilibrium  chamber.  This  assumption  has  not  been  con¬ 
firmed  in  ebullioscopic  investigations,  where,  until  the  develop¬ 
ment  of  the  Cottrell  device  (4),  elaborate  precautions  and  a  skill¬ 
ful  technique  were  necessary  tp  obtain  complete  equilibrium,  and 
hence  a  steady  boiling  point.  It  is  difficult  to  assess  the  signifi¬ 
cance  of  this  in  vapor-liquid  equilibrium  determinations,  but  it  is 
unlikely  that  the  vapors  produced  by  normal  boiling  in  a  flask 
are  in  true  equilibrium  with  the  main  bulk  of  the  liquid. 

Of  more  obvious  importance  is  the  possibility  of  local  hetero¬ 
geneity  within  the  boiling  liquid,  due  to  the  returning  condensed 
vapor.  It  has  been  assumed  that  the  agitation  induced  by  the 
boiling  liquid  is  sufficient  to  ensure  prompt  and  thorough  mixing 
of  the  still  contents  (7).  The  validity  of  this  assumption  has 
been  questioned  by  Langdon  and  Keyes  ( 6 ),  who  found  it  neces¬ 
sary  to  provide  mechanical  agitation  in  their  equilibrium  still. 
Jones,  Schoenborn,  and  Colburn  (o)  also  point  out  that  the  re¬ 
turning  liquid  may  tend  to  flash-vaporize  because  of  its  lower 
boiling  point,  but  it  is  doubtful  whether  these  authors  achieve 
any  improvement  in  this  regard  by  returning  the  condensate  as  a 
somewhat  superheated  vapor.  The  heterogeneity  of  the  still 
contents  may  be  further  aggravated  by  the  fluctuations  in  the 
condensate  level  in  the  wide-bore  return  fine  usually  adopted. 


In  work  previously  reported  in  the  literature,  it  is  usual  for 
the  steady  operation  of  the  equilibrium  still  to  be  interrupted  in 
some  way  before  taking  samples  of  the  boiling  liquid  and  conden¬ 
sate.  Errors  may  then  be  introduced  into  equilibrium  data  by 
changes  in  the  composition  of  the  still  contents  prior  to  and  during 


sampling  (6,  7),  either  by  loss 
of  vapor  from  the  still,  or  bj 
the  return  of  excess  condensate 
during  the  period  usually  al¬ 
lowed  for  boiling  to  cease 
Langdon  and  Keyes  ( 6 )  wen 
able  to  prevent  the  drainage 
of  the  condensate  line  in  theii 
apparatus,  but  found  it  neces¬ 
sary  to  analyze  successive 
samples  of  the  boiling  liquic 
and  extrapolate  the  data  te 
obtain  a  value  for  the  compost 
tion  of  the  liquid  at  the  com 
mencement  of  the  sampling 
period.  More  reliable  result: 
should  be  obtained  if  botl 
liquid  and  condensed  vapo; 
samples  are  taken  simultaneously,  under  such  conditions  that  the 
equilibrium  established  within  the  apparatus  is  not  disturbed. 

The  need  for  accurate  temperature  data  as  well  as  vapor 
liquid  equilibrium  compositions  has  been  emphasized  recently 
(2),  but  hitherto  had  received  little  attention.  Precise  tempera 
ture  measurements  may  be  ensured  by  the  use  of  the  Cottrel 
pump,  which  is  incorporated  in  the  equilibrium  still  due  to  Col 
burn,  and  described  by  Chilton  ( 3 )  and  Scatchard,  Raymond,  anc 
Gilmann  (<?).  Most  forms  of  apparatus,  however,  provide  fo 
measurement  of  temperature  in  the  vapor  phase  only,  or  in  the 
boiling  liquid  in  close  proximity  to  the  source  of  heat.  If  it  coulc 
be  assumed  that  under  these  conditions  both  the  liquid  and  the 
vapor  in  contact  with  the  thermometer  represent  the  desira 
equilibrium  conditions,  either  of  these  methods  would  be  accu 
rate,  but  it  is  usual  for  such  data  to  show  obvious  inconsistency 
in  temperature  measurements. 

THE  APPARATUS 

In  the  design  of  the  new  apparatus,  an  attempt  has  been  mad> 
to  contribute  further  towards  the  elimination  of  the  defects  dis 
cussed  above.  The  apparatus  is  illustrated  in  Figure  1.  It  i 
based  on  the  well-established  vapor-recirculation  principle,  bu 
differs  essentially  from  others  of  this  type  in  that  the  boilinj 
liquid  is  also  circulated  rapidly,  as  represented, schematically  ii 
Figure  2,  and  in  this  regard  the  apparatus  resembles  that  de 
scribed  by  Swietoslawski  (9)  for  the  determination  of  boilm; 
points.  The  liquid  and  vapor  are  not  permitted  to  separat 
within  the  boiler,  but  are  maintained  in  intimate  contact  as  the; 
pass  up  the  modified  Cottrell  pump  to  the  thermometer,  an< 
thence  to  the  vapor-liquid  disengagement  chamber  (see  Figur 
1).  The  conditions  prevailing  within  the  Cottrell  tube  durin, 
the  operation  of  the  apparatus  are  ideally  designed  to  achieve  th 
desired  equilibrium  between  liquid  and  vapor  and  enable  th 
boiling  points  of  the  mixtures  under  examination  to  be  deter 
mined  with  complete  accuracy.  In  the  disengagement  chambe 
the  vapors  are  separated  from  the  boiling  liquid,  and  pass  to  th 
condensate  system  in  such  a  manner  that  refluxing  is  virtual! 
impossible.  The  stream  of  hot  liquid  disengaged  from  the  vapo 
within  the  chamber  is  combined  with  the  recycling  condensat 
before  it  returns  to  the  boiler,  and  it  is  clear  that,  at  equilibrium 
the  liquid-vapor  mixture  leaving  the  boiler  is  identical  in  quantit; 
and  composition  with  the  combined  liquid  streams  returning  t 
it.  This  procedure  is  very  convenient,  as  it  ensures  steadiness  o 
composition  within  the  boiler,  and  leaves  no  possibility  of  unevei 
flash-vaporization  due  to  local  points  of  heterogeneity. 

The  apparatus  is  sturdy,  and  may  be  readily  constructed  ii 
Pyrex  by  glass-blowers  of  average  ability.  Variations  in  the  di 
mensions  may  be  made  to  suit  the  conditions  of  an  investigatior 
but  those  indicated  by  Figure  1  will  be  found  convenient  for  mos 
systems,  with  possibly  the  exception  of  the  wide  Cottrell  tub 
(10  mm.  in  outside  diameter),  which  is  designed  primarilyfor  th 
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,v  vapor  density  of  systems 
(der  reduced  pressure,  and 
somewhat  smaller  tube  (8 
ba.  in  outside  diameter) 
ly  be  found  better  for 
•essures  around  atmos- 
[eric. 

The  relatively  small  boiler 
apacity  approximately 
0  cc.)  is  provided  with 
th  external  and  internal 
ating  elements.  The  bulk 
the  heat  requirements 
ould  be  applied  exter- 
lly,  but  the  internal  ele- 
jnt  will  usually  be  found 
sential  in  order  to  main- 
in  the  steady  boiling  rate 
quired  for  the  successful 
eration  of  the  apparatus. 

The  external  heater  is 
ide  by  winding  a  suitable 
lgth  of  Nichrome  wire 
i  a  thin  layer  of  as- 
[stos  paper,  or  micanite, 

ound  the  boiler,  and  subsequently  covering  with  asbestos  cord 
tape.  The  internal  element  may  conveniently  be  made  from 
.5  cm.  (15  inches)  of  28-gage  platinum  wire,  compactly  wound 
three  concentric  coils,  and  attached  to  tungsten  leads  fused  in 
standard  cone  joint,  as  shown  in  Figure  3.  This  forms  a  simple, 
sily  removable  heating  unit,  which  will  ensure  a  steady  vigorous 
iullition  of  vapors  even  in  liquids  which  are  very  prone  to 
unping.  An  e.m.f.  of  approximately  6  volts  will  provide  suffi- 
3nt  current  for  this  heater. 

The  vapors  generated  within  the  boiler  carry  a  stream  of  liquid 
to  the  Cottrell  tube,  and  thus  a  liquid-vapor  mixture  is  pumped 
)  to  the  thermometer.  This  mixture  is  then  directed  down- 
irds  into  the  disengagement  chamber,  which  consists  of  three 
ncentric  tubes,  through  the  inner  of  which  the  mixture  enters, 
•obably  because  of  its  downward  momentum,  the  liquid  is  sepa- 
ted  cleanly  from  the  vapor  at  the  bottom  of  this  tube,  and  it 
>ws  away  to  return  to  the  boiler.  The  disengaged  vapors  pass 
)wards  a  short  distance  within  the  space  between  the  inner  and 
termediate  tubes  of  the  chamber  and  then  escape  to  the  outer 
cket,  through  which  they  pass  downwards  to  the  condenser, 
he  disengagement  chamber  is  thus  jacketed  with  the  issuing 
ipors. 


Figure  3.  Internal  Heating  Element 


In  systems  of  high  boiling  point,  where  radiation  losses  may 
jrmit  some  condensation  of  the  vapor  during  the  short  travel 
wards  in  the  chamber,  heat  losses  may  be  balanced  by  suitable 
rtemal  heating.  Since  both  liquid  and  vapor  which  may  be  in 
le  outer  jacket  pass  to  the  condensate  system,  neither  slight 
jating  nor  cooling  of  the  outer  walls  can  introduce  any  errors  in 
le  condensate  composition. 

The  condenser  and  condensate  trap  present  no  new  features, 
he  condensate  trap  is  essentially  the  same  as  that  described  by 
thmer  (7);  it  has  been  provided  with  a  standard-taper  joint,  to 
hich  a  further  condenser  may  be  fitted  if  desired,  and  this  in  turn 
connected  to  a  suitable  system  for  precise  pressure  regulation. 
Overflow  from  the  condensate  trap  is  returned  to  rejoin  the  cir- 
llating  hot  liquid  through  a  small  drip  counter  and  capillary 
ibe.  There  is  very  little  liquid  holdup  within  the  capillary, 
hich  also  serves  to  damp  out  fluctuations  of  the  liquid  level 
uring  boiling.  The  combined  liquid  and  condensed  vapor 
reams  re-enter  the  boiler  through  a  small  tube  which  passes  to 
sar  the  bottom  of  the  vessel,  and  the  mouth  is  so  placed  and 
laped  that  there  is  no  tendency  for  vapor  bubbles  to  pass  out 
irough  it. 

In  operation,  the  apparatus  should  be  filled  and  the  boiling 
ite  adjusted  so  as  to  maintain  the  steady  pumping  of  a  mixture 
f  liquid  and  vapor  through  the  Cottrell  tube,  and  the  liquid  level 
i  best  kept  fluctuating  gently  just  above  the  capillary,  in  the 
rip  counter.  These  conditions  will  be  found  satisfied  by  a  wide 


range  of  boiling  rates,  but  the  volume  of  liquid  within  the  boiler 
will  require  adjustment  to  within  a  few  milliliters.  A  very  rapid 
boiling  rate  will  cause  visible  entrainment  in  the  disengagement 
chamber;  uneven  or  slow  boiling  allows  vapor  to  pass  up  the 
Cottrell  pump  without  entraining  a  stream  of  liquid,  thus  making 
this  device  ineffective.  Strictly  self-consistent  data  may  be  ob¬ 
tained  over  a  wide  range  of  operating  conditions  within  these 
clearly  defined  conditions. 

After  allowing  sufficient  time  of  operation  to  ensure  steady  con¬ 
ditions  within  the  apparatus,  samples  of  the  boiling  liquid  and 
condensed  vapor  are  best  taken  simultaneously,  without  inter¬ 
rupting  the  heating  in  any  way.  The  sample  of  boiling  liquid 
should  be  collected  in  a  small  flask  immersed  in  an  ice  bath,  or  it 
may  be  necessary  in  some  cases  to  attach  a  small  cooler  to  the 
sampling  outlet  ( 6 ). 

It  is  hoped  that  data  obtained  using  the  apparatus  will  become 
available  for  publication  at  a  later  date. 

ENTRAINMENT 

With  so  short  a  distance  within  the  disengagement  chamber 
between  the  point  of  separation  of  liquid  and  vapor,  the  possi¬ 
bilities  of  entrainment  are  obvious,  although  none  could  be  ob¬ 
served  during  trials  of  the  apparatus  over  a  wide  range  of  boiling 
rates.  The  fine  droplets  which  are  characteristically  found  above 
the  surface  of  some  boiling  liquids,  due  to  collapsing  vapor 
bubbles,  appear  to  be  entirely  absent. 

A  simple  test  has  been  used  to  detect  and  quantitatively  meas¬ 
ure  the  entrainment.  This  test  may  be  applied  to  any  form  of 
vapor-liquid  equilibrium  apparatus  so  far  described,  and  may 
also  be  useful  for  the  indication  of  evaporation  of  spray  droplets 
from  superheated  surfaces.  The  boiler  of  the  apparatus  is 
charged  with  a  20%  solution  of  potassium  chloride,  the  conden¬ 
sate  trap  filled  with  distilled  water,  and  the  system  allowed  to 
boil  at  a  constant  rate  for  several  hours,  at  the  end  of  which  the 
contents  of  the  trap  are  tested  for  chloride  by  the  standard  opales¬ 
cence  method  with  silver  nitrate.  The  results  for  a  number  of 
different  boiling  rates  are  given  in  Table  I,  and  it  is  evident  that 
the  maximum  entrainment  obtained  would  not  have  any  sig¬ 
nificant  effect  upon  vapor-liquid  equilibrium  data. 


Table  I.  Entrainment  of  Liquid  in  Vapor 


Voltage 
Applied 
to  Heater 

Distillation 

Rate 

Potassium  Chloride  in 
Liquid  Condensate 

Entrainment 

Volts 

Ml. /min. 

% 

% 

% 

100 

3.2 

20 

0.001 

0.005 

125 

5 . 5 

20 

0.005 

0.025 

150 

7.5 

20 

0.01 

0.05 
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Determination  of  2,2-bis-p-Chlorophenyl-1,1,1- 
trichloroethane  in  Technical  DDT 

A  M  icroscopical  Method 

WALTER  MCCRONE,  ANNETTE  SMEDAL,  and  VICTOR  GILPIN 
Armour  Ressarch  Foundation,  Illinois  Institute  of  Technology,  Chicago,  III. 


A  microscopical  method  for  analysis  of  mixtures  of  organic  com¬ 
pounds  is  proposed,  which  depends  on  the  influence  of  impurities 
on  the  rate  of  crystallization  of  the  major  component  from  the  melt. 
The  method  is  applicable  to  a  large  number  of  industrially  important 
systems  such  as  TNT  or  other  explosives,  pharmaceuticals,  dye  inter- 

TECHXICAL  DDT  usually  contains  about  75%  of  the  com¬ 
pound  2,2-bis-p-chlorophenyl-l,  1 , 1-trichloroethane  ( p,p'~ 

DDT),  about  15%  of  the  isomer  2-o-chlorophenyl-2-p'-chloro- 
phenyl- 1,1, 1-trichloroethane  (o,p'-DDT),  and  about  10%  of 
other  by-products  of  the  reaction  (3).  Since  the  activity  of  DDT 
as  an  insecticide  depends  to  a  large  extent  on  the  amount  of 
p,p'-DDT,  it  is  important  to  be  able  to  analyze  quantitatively  for 
this  isomer.  For  this  purpose,  probably  the  most  accurate  of 
several  methods  of  analyzing  the  technical  material  has  been 
proposed  by  Cristol,  Hayes,  and  Haller  (2).  This  method  is 
based  on  the  insolubility  of  p,p'-DDT  in  75%  aqueous  ethanol. 
The  method  is  accurate  (within  1%)  and  the  technique  is  simple; 
it  does,  however,  require  temperature  control  and  at  least  8 
hours  for  an  analysis. 

A  microscopical  method  based  on  the  rate  of  crystal  growth  of 
p,p'-DDT  from  the  melt  is  described  below.  The  basis  for  this 
analysis  is  the  observation  that  rate  of  crystallization  from  the 
melt  is  a  function  of  its  purity  (Figure  1).  A  pure  compound 
will  crystallize  much  more  rapidly  than  the  same  compound  in  a 
less  pure  state.  The  nature  of  the  impurity  is  not  so  important  in 
most  cases,  since  the  mechanism  of  the  decrease  in  rate  of  growth 
is  almost  entirely  due  to  the  interference  of  impurity  molecules  on 
crystal  formation.  If  an  adsorption  effect  were  encountered 
where  molecules  of  one  impurity  were  adsorbed  on  the  growing 
crystal  faces,  it  would  then  be  necessary  to  prepare  the  known  rate 
curves  on  mixtures  containing  the  same  compounds  that  would  be 
encountered  in  practice. 

The  technique  of  analyzing  mixtures  by  determining  the  rate  of 
crystallization  of  the  principal  component  is  applicable  to  a  num¬ 
ber  of  systems.  It  is  limited,  in  general,  to  those  mixtures  that 
(1)  do  not  decompose  or  sublime  on  melting;  (2)  can  be  super¬ 
cooled  to  a  constant  known  temperature  before  complete  solidi¬ 
fication;  and  (3)  grow  at  a  measurable  rate  at  a  convenient 
temperature.  The  method  has  the  particular  advantages  of 
speed  and  the  application  to  systems  of  isomers  where  no  good 
absolute  procedure  for  analysis  exists.  The  method  is  applicable 
to  a  large  number  of  industrially  important  systems  such  as 
TNT  or  other  explosives,  pharmaceuticals,  dye  intermediates,  or 
almost  any  organic  reaction  product. 

The  basic  assumption,  made  at  the  start  of  the  present  work, 
is  that  a  technical  sample  of  DDT  containing  75%  p,p'-DDT 
would  behave  in  the  same  way  as  a  mixture  of  75%.p,p'-DDT 
and  25%  o,p'-DDT — in  other  words,  that  crystals  of  jyp'-DDT 
would  grow  at  the  same  rate  whether  the  melt  contained  only 
p,p'- DDT  and  o,p'-DDT  or  all  the  usual  impurities  and  by¬ 
products  were  present.  The  final  results  have  indicated  the 
validity  of  this  assumption. 

A  possible  limitation  of  the  method  is  the  fact  that  compounds 
insoluble  in  the  melt  do  not  affect  the  rate  of  growth.  A  50:50 
mixture  of  p,p’- DDT  and  an  insoluble  component  such  as  water, 


mediates,  or  almost  any  organic  reaction  product.  The  applicatioi 
of  this  method  to  the  determination  of  p,p'-DDT  in  technical  DD1 
is  described.  It  is  possible  by  this  method  to  analyze  samples  o 
technical  DDT  on  a  routine  basis  of  one  sample  every  10  to  1! 
minutes  with  an  accuracy  of  better  than  ±0.5%  p,p'-DDT. 

glass,  dirt,  or  fibers  would  appear  to  be  100%  p,p'-DDT  by  thi: 
method.  The  microscope  would,  however,  show  the  presence  o 
extraneous  materials  of  this  sort.  On  the  other  hand,  extrane 
ous  solid  impurities  will  not  interfere  with  the  analysis  by  thi 
method  except  in  so  far  as  they  interfere  with  the  observation  o 
the  crystal  front.  This  would  occur  only  if  the  per  cent  solid: 
was  very  high;  in  any  case,  the  method  of  sampling  suggestec 
below  would  eliminate  the  possibility. 

Since  the  rate  of  growth  of  crystals  from  the  melt  is  also  a  func 
tion  of  the  temperature,  it  is  necessary  to  control,  or  be  able  t< 
measure,  the  temperature.  It  is  sufficient  in  an  actual  analysi: 
to  determine  the  temperature  by  supporting  a  thermometer  witl 
the  bulb  on  the  microscope  stage  near  the  preparation.  It  wa 
necessary  during  the  standardization  work  on  this  analysis  to  usi 
a  simple  hot  stage  (Figure  2)  to  allow  rapid  changes  in  tempera 
ture  and  accurate  control  of  any  temperature  desired.  Althougl 
the  dimensions  of  this  hot  stage  are  flexible,  the  difficulty  of  con 
struction  increases  with  the  size  of  the  chamber.  The  stage  i 
heated  with  circulating  liquid,  usually  water,  whose  temperatun 
is  controlled  by  a  constant-temperature  bath.  Care  must  bi 
exercised  that  the  thermometer  in  the  system  records  the  tern 
perature  of  the  water  as  near  the  hot  stage  chamber  as  possible 

The  rate  of  growth  is  determined  using  a  microscope  equippec 
with  an  eyepiece  having  a  micrometer  scale.  The  eyepieci 
micrometer  scale  must  be  calibrated  in  the  usual  way  ( 1 )  with  ; 
stage  micrometer  scale  before  use.  An  eyepiece  scale  such  tha 
each  division  corresponds  to  about  5  microns  or  less  is  best.  T< 
increase  the  visibility  of  the  crystal  front  of  the  p,p'~ DDT 
crossed  Nicols  may  be  used  (Figure  1).  (In  this  case  the  eye 
piece  micrometer  scale  must  be  calibrated  with  the  analyze 
Nicol  in  place.) 

Certain  precautions  must  be  observed  in  order  to  obtain  ac 
curate  results.  The  most  important  of  these  is  sampling.  Mos 
industrial  mixtures  are  not  thoroughly  mixed  when  considere: 
microscopically.  It  is  possible  to  obtain  50-mg.  samples  o 
technical  DDT  from  a  single  container  that  vary  as  much  as  6% 
in  amount  of  p,p'-DDT.  To  eliminate  this  problem,  which  1 
common  to  all  methods  of  microanalysis,  a  quick  and  efficien 
method  of  sampling  must  be  used.  This  is  provided  for  technica 
DDT  by  melting  (avoid  superheating  above  120°  C.)  a  3-  to  4 
gram  sample  in  an  evaporating  dish  on  a  hot  plate,  stirring  th 
liquid  for  a  minute  with  a  glass  rod  before  removing  the  micro 
sample  of  one  drop  with  the  rod  and  placing  it  on  a  clean  micro 
scope  slide.  Other  precautions  almost  as  important  as  samplini 
are  discussed  below. 

The  hot  preparation  must  be  allowed  to  come  to  temperatur 
equilibrium  with  the  surroundings  before  being  placed  on  th 
microscope  stage  (about  2  minutes)  and  must  be  allowed  to  com 
to  complete  equilibrium  on  the  microscope  stage  (2  minutes)  be¬ 
fore  a  measurement  is  made. 
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65%  p,p'-DDT;  35%  o,p'-DDT 


81%  p,p'-DDT;  19%  o, p' -DDT 


72%  p} p* -DDT;  28%  0,p'-DDT 


93%  p,p'-DDT;  7%  o, p' -DDT  100%  p,p'-DDT;  0%  0,p'-DDT 

Figure  1.  Growing  Crystal  Fronts  of  p,p'-DDT  in  Mixtures  of  p,p'-DDT  and  o,p'-DDT.  X  200 
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To  prevent  heating  of  the  preparation  the  light  source  must 
be  as  low  in  intensity  as  possible  and  still  furnish  easy  observa¬ 
tion  of  the  crystal  front.  Normal  illumination  is  probably  satis¬ 
factory,  especially  if  crossed  Nicols  are  used.  For  best  results  a 
heat-absorbing  filter — e.g.,  Aklo  filter  made  by  Corning — -should 


exceed  120°  C.).  The  melt  is  mixed  by  stirring  for  about  c 
minute  with  a  glass  rod.  One  drop  is  then  placed  on  a  cle 
microscope  slide  and  covered  with  a  clean  cover  glass.  The  co' 
glass  is  pressed  down  firmly  to  give  a  thin  film  of  DDT. 
necessary,  the  preparation  is  seeded  at  the  edge  of  the  cover  gl 
with  a  crystal  of  p,p'-DDT  to  initiate  growth.  T 
preparation  is  then  allowed  to  cool  for  2  minutes  bef 
placing  on  the  microscope  stage.  At  this  same  tim 
thermometer  is  placed  on  the  stage  with  the  bulb  n 
the  preparation.  After  2  more  minutes  on  the  mic 
scope  stage  the  temperature  is  recorded  and  the  crys 
front  focused  with  the  eyepiece  microme'ter  scale.  1 
rate  of  growth  of  the  p,p'-DDT  is  determined  ove 
period  of  5  to  10  minutes.  The  temperature  is  noi 
several  times  during  the  determination,  so  that  i 
average  may  be  used  in  determining  the  per  oent  p, 
DDT.  The  rate  of  growth  expressed  in  microns  ii 
minutes  and  the  average  temperature  are  used  in  i 
graph  (Figure  3)  to  determine  the  per  cent  p, 
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Figure  2.  Diagram  of  a  Simple  Circulating  Liquid  Hot  Stage 


DDT. 

If  a  temperature-controlled  hot  stage  is  used,  1 
time  is  required  to  reach  equilibrium.  If  the  sli 
usually  a  microscope  slide  cut  in  half  2.5  X  3.75  c 
(1  X  1.5  inches),  is  placed  on  the  hot  stage  with  a  di 
of  water  between  the  slide  and  stage  to  increase 
rate  of  heat  flow,  the  rate  of  crystal  growth  can 
measured  as  soon  as  the  crystal  front  becomes  v 
formed. 


be  used.  It  is  also  possible  to  determine  a  temperature  correc¬ 
tion  by  placing  the  thermometer  bulb  in  place  of  the  preparation 
for  1  to  2  minutes  to  obtain  the  temperature  difference  between 
the  recorded  value  and  the  preparation.  In  general,  a  tempera¬ 
ture  difference  of  0.1°  C.  is  equivalent  to  a  percentage  difference 
of  0.3%;  hence  the  temperature  must  be  as  accurate  as  possible. 
With  normal  diffuse  illumination,  crossed  Nicols,  and  a  heat¬ 
absorbing  filter  the  heat  gain  in  the  preparation  will  be  less  than 


ANALYTICAL  RESULTS  WITH  KNOWN  MIXTURES  OF  p,p'-DDT  A 

o,p'-DDT 

Mixtures  of  pure  p,p'- DDT,  melting  point  108.5-109°  C.,  w 
o,p'-DDT,  melting  point  74.0-74.5°  C.,  have  been  studied 
the  procedure  outlined  above.  These  mixtures,  ranging  in  co 
position  from  65  to  100%  p,p'-DDT,  were  melted  and  thorougl 
mixed  with  a  fine  glass  rod  before  being  covered  with  a  cover  gla 


0.1°  C. 

The  measurement  should  be  made  for  a  time 
sufficiently  long  to  give  a  reading  of  at  least  10 
eyepiece  micrometer  divisions.  This  will  require 
as  long  as  15  minutes  for  very  impure  DDT  (at 
low  temperatures)  but  nearly  pure  DDT  will  re¬ 
quire  only  2  to  3  minutes. 

The  method  would  be  more  accurate  and  re¬ 
quire  less  time  if  a  permanent  temperature  con¬ 
trol  were  available.  This  would  be  practical  if 
a  large  number  of  routine  analyses  were  neces¬ 
sary.  For  an  occasional  analysis  or  for  a  small 
number  of  analyses  it  is  neither  desirable  nor 
necessary  to  go  to  the  trouble  to  obtain  tem¬ 
perature  control.  The  results  will  be  only  slightly 
less  accurate  when  no  control  is  used  (±0.5% 
compared  with  ±0.3%).  Because  of  the  heat¬ 
ing  effect  of  the  illumination,  the  results  without 
temperature  control  will  tend  to  be  high  by 
perhaps  0.2  to  0.3%. 

For  the  most  accurate  analysis  of  a  number  of 
samples  of  DDT  the  hot  stage  shown  in  Figure 
2  should  be  used  with  a  constant  temperature 
of  about  30°  C.  With  this  arrangement  results 
having  a  precision  of  ±0.3%  at  the  rate  of  one 
analysis  every  10  minutes  are  easily  possible. 

PROCEDURE  FOR  ANALYSIS  OF  DDT  MIXTURES 
FOR  p,p'-DDT 

A  small  sample  (3  to  4  grams)  is  melted  with 
as  little  superheating  as  possible  on  a  hot  plate 
(to  avoid  slight  decomposition  or  volatilizing  one 
or  more  components,  the  temperature  should  not 


RATE  OF  CRYSTALLIZATION  OF  p.p-DDT 
(Microns  in  5  minutes) 


Figure  3.  Rate  of  Growth  of  Crystal  Front  of  p,p'-DDT  as  a  Function  of  Puri 

of  Mixture 

The  authors  will  be  glad  to  furnish  large  reproductions  of  this  graph  to  anyone  requesting  a  copy 
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jfc  of  these  preparations  having  compositions  of  65,  72,  81,  82, 
1  and  100%  p,p'-DDT  were  used  to  determine  the  relation  be- 
lieen  rate  of  growth  of  p,p'-DDT  and  composition.  These  data 

tre  plotted,  smoothed  by  graphical  means,  and  replotted  as 
>wn  in  Figure  3.  All  the  data  taken  on  known  mixtures  gave 
|tes  which  checked  to  ±0.6  micron.  Tins  corresponds  to  about 
10.3%  p,p'~ DDT  at  30°  C.  and  a  mixture  of  80%  p,p'-DDT. 
jie  error  would  be  higher  for  lower  temperatures  and  smaller 
jrcentages  of  p,p'-DDT  and  less  at  higher  temperatures  and 
incentrations  of  p,p'-DDT. 

The  results  of  the  application  of  the  method  of  analysis  to  three 
immercially  available  samples  of  technical  DDT  are  shown  in 
able  I.  A  comparison  of  the  rate  of  crystallization  method  of 
lalysis  with  the  recrystallization  from  75%  ethanol  procedure  of 
jistol,  Hayes,  and  Haller  (2)  is  given  by  comparison  of  the 
alytical  data  by  the  two  methods.  The  same  samples  were 
jalyzed  by  both  procedures  and  the  data  are  presented  in  Tables 
find  II.  The  two  methods  check  very  well  with  each  other, 
he  data  in  Table  II  were  obtained  by  as  careful  work  as  pos- 
;>le  by  an  experienced  analytical  chemist.  The  data  in  Table 
were  obtained  with  no  temperature  control  and  no  particular 
(ecautions  or  care  not  described  completely  above. 


Table  I.  Analysis  of  Samples  of  Technical  DDT  by  Rate  of 
Crystallization  of  p,p'-DDT  from  the  Melt 


Sample  I 

Sample  II 

Sample  III 

75.7 

75.2 

73.1 

71.8 

74.8 

75.2 

74.7 

72.1 

76.0 

74.6 

73.4 

71.5 

75.3 

75.6 

73.1 

72.8 

75.2 

74.7 

74.1 

71.8 

74.9 

75.4 

73.8 

72.4 

75.3 

75.1 

75.9 

erage 

75.3 

73.5 

71.9  ‘ 

iximum  deviation 

0.7 

1.2 

0.9 

erage  deviation 

0.3 

0.5 

0.4 

It  is  possible  with  care  to  double  the  precision  of  the  method, 
it  this  may  not  be  advisable  because  the  accuracy  of  the  method 
not  known.  The  accuracy  is  based  on  the  analysis  of  known 
(ixtures  of  p,p'- DDT  and  o,p'-DDT  and  the  effect  of  the  other 
'-products  and  impurities  on  the  rate  of  crystallization  of  p,p'- 
DT  is  assumed  to  be  equivalent  to  an  equal  quantity  of  o,p'- 
DT.  There  is  no  way  to  check  this  hypothesis  accurately, 
ie  fact  that  the  results  agree  within  1%  with  results  obtained  by 
e  method  of  Cristol,  Hayes,  and  Haller  is  significant  only  within 
e  limits  of  error  in  that  agreement — namely,  1%.  Claims  of 
i  curacy  beyond  that  limit  of  less  than  1%  are  unfortunately 
i't  justified. 


ble  II.  Analysis  of  Samples  of  Technical  DDT  by  Recrystalliza¬ 
tion  from  Saturated  75%  Ethanol 


Sample  I 

75.7 

76.4 

76.0 


Sample  II 

72.9 

74.5 

73.7 


Sample  III 

69.9 

72.1 

71.0 


Further  study  of  the  rate  data  leads  to  an  interesting  and  sig- 
ficant  observation.  The  Arrhenius  relation  between  the  reac- 
m  velocity  and  temperature,  in  gaseous  and  liquid  systems,  is 
yen  by  the  equation 

log  k  =  2. 303 A  X  T  +  B 


Table  III.  Slope  and  Intercepts  for  Curves  of  Log  Rate  against 
Reciprocal  Temperature 


Per  Cent 
Purity 

2.3 ER  X  103 

E  X  103 

Log  B 

100 

7.27 

33.2 

26.3 

93 

6.87 

31.5 

24.7 

82 

6.56 

30.0 

23.5 

72 

6.24 

28.6 

22.1 

65 

5.78 

26.5 

20.3 

Figure  4.  Result  of  Application  of  Arrhenius  Rate  Equation 
to  Rate  of  Crystallization  of  p,p'-DDT 


where  the  symbols  have  their  usual  significance.  This  equation  is 
found  to  represent  the  data  of  the  present  work  (see  Figure  4)  if 
k  is  considered  to  be  the  linear  rate  of  crystallization.  The 
Arrhenius  constants,  determined  in  the  usual  way,  are  presented 
in  Table  III. 

The  significance  of  the  constant  E  (which  is  analogous  to  the 
activation  energy  in  a  chemical  reaction)  is  probably  based  on  the 
energy  required  for  a  molecule  to  assume  a  position  relative  to  the 
crystal  front  convenient  for  crystallization.  It  would  be  inter¬ 
esting  to  study  the  effect  of  molecular  symmetry  on  this  energy 
constant.  Presumably  a  symmetrical  molecule  would  have  less 
difficulty  orienting  itself  on  the  crystal  front  than  an  unsym- 
metrical  molecule  and  consequently  should  have  a  lower  value 
for  E. 

If  the  rate  of  crystallization  is  plotted  against  the  log  of  per 
cent  impurity  a  series  of  curves  of  the  linear  type  y  =  m(x  —  a) 
is  obtained  (Figure.  5).  The  common  abscissa  of  these  lines, 
estimated  from  the  figure,  is  1.625  (ca.  42%  impurity).  Calcu¬ 
lated  values  of  the  slopes  for  the  various  temperatures  are  pre¬ 
sented  in  Table  IV. 

A  linear  relation  is  found  to  exist  between  the  log  of  the  abso¬ 
lute  value  of  the  slope,  m,  and  the  reciprocal  of  the  absolute  tern- 
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Table  IV.  Variation  of  Curve  Slopes  (Figure  5)  with  Temperature 


Table  V.  Comparison  of  Observed  and  Calculated  Values 


Temperature, 

°C. 

Slope  (x  —  1) 

Log  Slope 

(1/T)  X  10h 

34 

270 

2.431 

3.257 

33 

236 

2.373 

3.268 

32 

202 

2.304 

3.279 

31 

168 

2.225 

3.289 

30 

139 

2.143 

3.300 

29 

114 

2 . 053 

3.311 

28 

95.9 

1  982 

3.322 

27 

80.6 

1.906 

3 . 333 

26 

67.8 

1.831 

3.344 

25 

56.9 

1.755 

3 . 356 

24 

46.5 

1.667 

3.367 

23 

38.8 

1 . 589 

3 . 378 

22 

30.8 

1.489 

3.390 

21 

24.8 

1 . 394 

3.401 

perature  (Figure  5,  inset).  This  curve  is  represented  by  the 
equation 


log  m  =  26.37  — 


7.34  X  103 
T 


Deviatior 


Rate 

Rate 

Irom 

Observed 

Impurity 

Temperature 

(Observed) 

(Calculated) 

Value 

% 

°C. 

% 

2 

27 

90 

60 

33 

3 

27 

83 

69 

17 

4 

27 

72 

78 

8.3 

5 

27 

72 

74 

2.8 

5 

33 

218 

224 

2.8 

6 

27 

67 

68 

1.5 

6 

33 

200 

204 

2.0 

7 

30 

109 

107 

1.8 

7 

33 

184 

187 

1.6 

18 

24 

17 

17 

0 

18 

31 

61 

62 

1.6 

19 

26 

23 

23 

0 

28 

22 

5 . 5 

5.4 

1.8 

28 

25 

10 

9.8 

2.0 

30 

27 

13 

12 

7.7 

30 

33 

36 

36 

0 

32 

27 

12 

12 

0 

32 

33 

30 

29 

3.3 

34 

27 

10 

7.4 

26 

36 

27 

9. 

5.5 

39 

T  =  absolute  temperature 


K  =  rate  of  crystallization,  microns  in  5  minutes 


Substitution  of  f(T)  for  rn  gives  the  complete  equation 


log  R  =  26.37 


7.34  X  103 


+  log  (1.625  —  log  c) 


T  =  absolute  temperature 
c  =  per  cent  impurity  in  mixture 


Table  V  indicates  the  range  of  validity  of  this  equation. 

The  portions  of  Table  V  above  28  and  below  7%  impurity  a 
extrapolations  of  the  equation  beyond  the  region  covered  by  t 
lines  of  Figure  5.  In  the  range  between  5  and  32%  impurit 
where  the  equation  fits  the  data  well,  ti 
calculated  values  for  low  rates  are  probab 
the  more  trustworthy,  since  it  is  difficult 
interpolate  low  rate  readings  on  Figure  3  with 
10  to  20%. 

It  is  interesting  to  note  that  the  expe: 
mental  rate  of  crystallization  does  not  f; 
to  zero  with  approximately  equal  amounts 
pure  and  impure  material,  as  the  curves 
Figure  5  indicate.  Dotted  lines  for  two 
the  curves  show  the  true  trend,  which  m,‘ 
be  directed  toward  zero  rate  at  100%  ii 
purity.  Although  this  region  is  theoretical 
interesting,  it  would  be  difficult  and  tim 
consuming  to  investigate  experimentally. 
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lodometric  Method  of  Analysis  for  Orsanic  Peroxides 

KENZIE  NOZAKI1 

Converse  Memorial  Laboratory,  Harvard  University,  Cambridge,  Mass. 


ECAUSE  of  its  accuracy,  reliability,  and  general  appli¬ 
cability,  the  iodometric  method  of  analysis  for  organic  per- 
rides  has  been  utilized  more  often  than  any  other.  In  spite  of 
iis  wide  usage,  rarely  have  two  groups  of  workers  carried  out 
le  analysis  in  the  same  solvent.  This  is  due  primarily  to  the 
Let  that  the  solvents  used  heretofore  have  not  been  completely 
itisfactory.  Acetic  acid  has  been  used  often,  but,  because  of  the 
ipid  oxidation  of  iodide  ions  by  atmospheric  oxygen,  the  analyses 
lust  be  carried  out  in  an  inert  atmosphere  of  nitrogen  ( 1 )  or 
irbon  dioxide  (4).  Acetone  is  not  very  satisfactory  because  it 
;acts  with  iodine  in  the  presence  of  water  (2,  8).  Alcohols  re- 
uire  no  precautions  against  oxygen,  but  the  liberation  of  iodine 
,  slow  and  the  solutions  must  be  heated  to  incipient  boiling  (8). 
lost  other  solvents  have  been  eliminated  because  of  unfavorable 
de  reactions  or  the  low  solubility  of  the  reactants  in  the  medium. 


able  I.  lodometric  Peroxide  Analyses  with  Acetic  Anhydride 

%  Active  Oxygen  after  Standing 


Peroxide 

5  min. 

15  min. 

20  min. 

lenzoyl  peroxide  (50-mg.  sample) 

6.60 

6.60 

6.60 

6.59 

6.61 

■6.60 

eroxide  in  isopropyl  ether 

0 . 0493 

0.0601 

0.0601 

0.0601 

eroxide  in  n-butyl  ether 

0.0247 

0.0325 

0.0335 

0.0335 

eroxide  in  glyceryl  trioleate 

0 . 0335 

0 . 0407 
0.0407 
0.0488 

0.406 

eroxide  in  diallyl  phthalate 

0.0401 

0 . 0488 

The  author  has  found  that  acetic  anhydride  is  an  excellent 
olvent  for  iodometric  peroxide  analyses.  It  is  a  good  solvent 
or  both  peroxides  and  sodium  iodide,  it  does  not  react  with  iodine, 
o  precautions  against  oxygen  are  necessary,  and  the  iodide- 
er oxide  reactions  are  rapid  when  it  is  used  as  the  solvent.  In 
ddition,  the  use  of  starch  indicator  (after  dilution  with  water) 
lakes  possible  the  carrying  out  of  accurate  analyses  on  colored 
olutions. 

ANALYTICAL  PROCEDURE 

The  peroxide  sample  is  placed  in  a  glass-stoppered  Erlenmeyer 
ask  and  5  to  10  ml.  of  reagent  acetic  anhydride  and  1  gram  of 
■owdered  sodium  iodide  are  added.  After  swirling  to  dissolve 
he  iodide,  the  solution  is  allowed  to  stand  for  5  to  20  minutes. 
Vater  (50  to  75  ml.)  is  added,  the  mixture  is  shaken  vigorously 
or  about  a  half  minute,  and  the  iodine  is  titrated  with  standard 
hiosulfate,  using  starch  indicator.  With  very  dilute  solutions  a 
light  positive  correction  of  the  starch  end  point  may  be  necessary. 

When  polymers  or  other  water-insoluble  substances  are  present 
n  the  peroxide  sample,  it  is  advantageous  to  add  a  small  amount 
if  chloroform  to  the  initial  reaction  mixture.  After  the  subse- 
{uent  addition  of  water,  a  two-phase  system  results  which  may 
>e  titrated  in  the  usual  manner  to  a  starch  end  point  or  by  ob- 
erving  the  disappearance  of  the  iodine  color  in  the  chloroform 
ayer. 

The  acetic  anhydride  should  not  contain  much  acetic  acid, 
ince  the  rate  of  the  atmospheric  oxygen-iodide  reaction  is  accel- 
•rated  by  acetic  acid.  Mallinckrodt  reagent-grade  acetic  an¬ 
hydride  from  a  freshly  opened  bottle  gave  a  blank  of  less  than 

1  Present  address,  Shell  Development  Co.,  Emeryville,  Calif. 


0.01  nd.  of  0.1  N  thiosulfate  after  standing  for  20  minutes  with 
sodium  iodide  in  air.  Technical  acetic  anhydride  has  been  used 
but  it  sometimes  requires  a  small  correction  factor'. 

The  method  has  been  used  most  often  with  benzoyl  peroxide 
(purified  by  adding  three  times  a  chloroform  solution  to  cold 
methanol  with  stirring)  and  it  has  been  found  that  50-mg.  samples 
can  be  correctly  analyzed  to  within  0.2%  (Table  I).  Other  acyl 
peroxides  gave  results  which  were  as  reproducible  as  those  with 
benzoyl  peroxide.  In  the  application  of  the  method  to  peroxygen 
in  ethers  and  ethylene  derivatives,  slightly  longer  reaction  times 
were  necessary  to  ensure  complete  reaction.  A  few  typical  ex¬ 
amples  are  given  in  Table  I. 

Most  substances  do  not  interfere  with  the  method,  as  is  evident 
from  Table  II.  Pyridine  interferes  when  starch  indicator  is  used 
but  is  harmless  in  its  absence.  The  addition  of  phenols  appears 
to  result  in  slightly  low  results.  Some  ethylene  derivatives  react 
rapidly  enough  with  iodine  to  cause  trouble.  Although  the  addi¬ 
tion  of  acrylonitrile,  methacrylonitrile,  vinyl  acetate,  methyl 
acrylate,  and  allyl  acetate  resulted  in  nearly  quantitative  analy¬ 
ses,  styrene  and  oleic  acid  reacted  slightly  and  cyclohexene  con¬ 
siderably  under  the  experimental  conditions.  Thus,  peroxygen 
analyses  in  the  presence  of  ethjdene  derivatives — e.g.,  vegetable 
oils — require  preliminary  tests  to  determine  the  importance  of 
iodine  addition. 


Table  II.  Effect  of  Added  Substances  on  Analysis  of  Benzoyl 

Peroxide 

(1  ml.  of  added  substance,  50  mg.  of  peroxide,  and  10  ml.  of  solvent) 


Added  Substances 

%  Peroxide  by 
Analysis 

None 

99.8 

Benzene,  toluene 

99.8 

Carbon  tetrachloride,  chloroform 

99.8 

Ethyl  acetate,  ethanol 

99.8 

Cyclohexane,  acetone 

99.8 

Nitrobenzene 

99.7 

Pyridine  (without  starch) 

99.7 

Acrylonitrile,  methacrylonitrile 

99.8 

Vinyl  acetate,  methyl  acrylate 

99.7 

Allyl  acetate 

99.4 

Styrene 

98.0 

Oleic  acid 

97.0 

Cyclohexene 

80.0 

Phenol 

98.5 

p-Cresol 

98.5 
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Small  All-Glass  Ground-Joint  Filters 


MILTON  T.  BUSH,  Department  of  Pharmacology,  Vanderbilt  University  School  of  Medicine,  Nashville,  Tenn. 


NOT  long  ago  Craig  and  Post  (2)  described  several  small  all-glass 
centrifugal  filters  in  which  the  filtration  takes  place  between 
the  ground  surfaces  of  a  filter  body  and  the  filter  stick.  This 
paper  describes  an  extension  of  this  principle  of  filtering  between 
ground  surfaces,  in  which  use  is  made  of  short  standard-taper 
rough-ground-  joints.  A  preliminary  description  of  one  of  these 
filters  has  been  given  ( 1 ).  This  development  not  only  makes 
possible  a  much  greater  variety  of  filter  designs,  but  at  the  same 
time  confers  several  advantages  on  this  type  of  filter  in  addition 
to  those  pointed  out  by  Craig  and  Post.  The  filters  can  be  used 
in  the  centrifuge  in  essentially  the  same  manner  as  described  by 
these  authors,  or  they  can  be  used  in  conventional  setups  for  suc¬ 
tion  or  positive  pressure,  but  are  not  well  suited  for  gravity  filtra¬ 
tion. 

The  T(l/io)  filter-grindings  have  at  least  three  distinct  advan¬ 
tages  over  the  very  short,  irregular-taper  and  low-angle  grindings 
described  by  Craig  and  Post:  The  parts  are  interchangeable; 
the  sticks  always  seat  properly;  and  the  sticks  can  be  seated 
firmly  so  that  they  remain  in  place — -no  spring  is  required.  An 
additional  development  consists  of  the  variation  of  the  “porosity” 
of  the  filters  by  controlling  the  fineness  of  the  grinding — e.g., 
various  porosities  can  be  made  by  grinding  with  Carborundum 
powder  of  various  sizes. 


Hli. 


Several  ground  filters  are  illustrated  in  Figure  1.  Various 
designs  of  filter  bodies  are  represented  by  H,  E,  A,  C,  I,  and  G; 
of  filter  sticks  by  1,  2,  3,  4,  5,  and  6.  D  is  a  simple  test-tube  re¬ 
ceiver  with  a  heavy  inside  rim.  B  and  B'  are  supporting  tubes, 
the  latter  having  a  tiny  vent.  F  and  F'  are  funnels,  the  latter  of 
light  wall.  Rubber  supports  (about  1  mm.  thick)  are  used 
where  indicated.  Most  glass  parts  were  fabricated  from  stand¬ 
ard-wall  Pyrex  tubing.  The  ground  j  oints  were  made  on  the  tubes 
with  the  aid  of  f  graphite  and  cast  iron  tapers  for  shaping  and 
grinding,  or  commercial  f  full-length  joints  were  sealed  to  the 
larger  tubing.  Either  before  or  after  sealing,  the  joint  was 
ground  on  a  cast  iron  1/i0  taper  with  150-mesh  Carborundum- 
water  mixture.  The  sealing  operation  destroys  the  top  10  to  20 
mm.  of  the  grinding  on  the  full-length  joints,  leaving  a  ground 
surface  of  10-  to  15-mm.  length.  While  finishing  the  lower  end 
of  this  joint  in  the  blow  torch  the  bottom  5  mm.  of  grinding 
may  or  may  not  be  destroyed.  In  any  case  control  of  the  di¬ 
ameter  and  length  of  ground  zone  on  both  the  body  of  the  filter 
and  the  filter  stick  is  simple  when  commercial  f  ground  joints 
are  used.  [If  commercial  T  “blank”  (unground)  joints  could  be 
used,  the  cost  of  these  filters  should  be  reduced.  ] 

No  doubt  tapers  other  than  Vio  would  also  be 
suitable.  Several  porosities  can  be  had  for  a  given 
filter  body  by  grinding  each  of  several  filter  sticks 
with  a  different  mesh  of  Carborundum.  For 
general  purposes  150-mesh  Carborundum  has  been 
found  satisfactory  for  all  grindings.  It  is  feasible 
to  make  these  filter  surfaces  simply  by  grinding 
commercial  joints  against  each  other  with  Car¬ 
borundum.  This  procedure  is  likely  to  destroy 
the  interchangeability. 


All  the  filters  illustrated  in  Figure  1  are  shown 
arranged  for  use  in  the  100-cc.  brass  cups  of  a 
No.  2  International  centrifuge:  G,  77,  and  I  can 
also  be  adapted  for  positive  pressure,  77  and  7  for 
negative  pressure.  Other  designs  are  readily 
constructed,  such  as  heated  or  cooled,  and  larger 
or  smaller  capacity  filters.  Various  styles  of  filter 
sticks  can  be  used  with  various  filter  bodies. 

The  filter  body,  7,  in  conjunction  with  stick  3 
(or  5,  etc.)  can  be  used  in  the  same  ways  as  a  Corn¬ 
ing  15  F  fritted  filter. 

Combination  E4FE  is  similar  to  one  of  Craig 
and  Post.  The  weight  of  7?4  is  supported  at  the 
glass-to-glass  contact  of  filter  stick  4  and  funnel  F, 
between  which  liquid  readily  passes  because  they 
are  not  blown  perfectly  symmetrical.  Although  the 


weight  of  E 4  has  been  as  much  as  30  to  40  grams,  no  breakages  ha 
occurred  at  1 580  r.  p.m.  The  ground  neck  of  E,  sticks  4  and  4 ' ,  ai 
funnel  F  should,  of  course,  be  made  of  reasonably  heavy  w; 
(about  1.5  mm.  thick).  The  vented  stick,  4',  is  useful  if  it  is  cl 
sired  to  filter  a  hot  solution.  For  handling  hot  solutions  in  vol 
tile  solvents  bottle  A  with  vented  stick  1  is  better,  because  the 
is  less  evaporation  loss. 

Setup  GoB'F'E  is  arranged  for  positive  pressure  or  cent ri fug 
filtration  of  a  solution  preliminary  to  carrying  out  crystallizatii 
or  precipitation  in  E.  A  short-stemmed  version  of  7  can  be  usi 
in  place  of  G,  and  C  can  be  the  receiver  in  place  of  E.  (T 
supports  B  and  B'  are  better  made  of  aluminum  than  of  glass 

Combination  7767?  is  designed  as  an  internally  heated  extract! 
Solvent  can  be  distilled  from  E  through  6  to  a  condenser  ai 
thence  returned  to  77.  Filtration  can  be  hastened  from  time 
time  by  centrifugation.  Filter  sticks  such  as  6  can  be  ma 
shorter,  and  provided  with  a  loose  cap  to  prevent  material  frc 
falling  into  E  when  77  is  charged  with  material  to  be  extracts 
Another  arrangement  similar  to  7767?  has  been  described  (. 
To  avoid  breakage  this  design  should  not  be  centrifuged  at  spee 
much  higher  than  1000  r.p.m. 

Setup  A1BC2  is  shown  in  position  for  centrifugally  filtering 
hot  solution  (to  free  it  from  debris)  preliminary  to  crystallizatic 
In  dissolving  the  material  the  solvent  can  be  refluxed  while  i 
is  hung  from  a  hook  through  the  eye  of  1.  The  maximum  volui 
which  can  be  so  handled  is  slightly  less  than  half  the  total  c 
parity  of  A.  During  the  crystallization  in  C,  this  bottle  is  ke 
closed  by  the  filter  stick  by  hanging  the  bottle  with  a  hook  throu 
the  eye  of  2.  After  equilibrium  between  crystals  and  elution 
established,  the  filtration  is  accomplished  by  centrifuging  : 
rangement  C2D.  This  closed  “filter-bottle”  design,  C 2,  is  esp 
dally  advantageous  for  small-scale  solubility  determinations,  a: 
quantitative  handling  of  recrystallizations  or  precipitations 
centrifugal  filtration.  Only  the  one  tube  must  be  handled  on  t 
balance.  Before  hanging  in  the  balance  the  outside  of  C  is  wip 
if  necessary  with  a  wet  cloth,  washed  with  tap  water,  then  wi 
redistilled  acetone.  With  a  similar  glass  tube  as  count erpo: 
the  weight  is  thus  easily  obtained  accurate  to  ±0.1  mg.  or  bett 
The  weighings  are  made  with  the  bottle  closed  for  the  determir 
tion  of  the  weight  of  solution  and  (after  filtration)  of  the  w 
crystals ;  and  with  the  bottle  open  (the  filter  stick  pushed  in  a 
the  tube  lying  on  the  balance  pan)  for  getting  the  weight  of  t 
dry  (or  drying)  crystals.  The  rate  of  loss  of  methanol  vap 
through  a  dry  filter  grinding  f  10/8  is  about  6  mg.  in  24  hours 
25°  C. 

The  rate  of  filtration  in  the  centrifuge  from  such  a  closed  bot 
is  only  very  slightly  less  than  through  an  open  filter  if  the  bot 
is  not  over  half  full,  the  temperature  of  the  contents  is  at  or  beli 
that  of  the  centrifuge  when  the  stick  is  pulled  up,  and  the  recen 


Figure  1.  Ground-Joint  Filters 
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aas  a  vent — a  tiny  hole  punched  near  the  top  of  D  suffices.  (The 
vent  is  less  helpful  the  smaller  the  volume  to  be  filtered.)  It  is 
nften  possible  to  take  advantage  of  nearly  the  full  capacity  of  the 
oottle  by  removing  some  .of  the  clear  supernatant  with  a  pipet 
oefore  the  filtration.  Sometimes  a  few  cubic  millimeters  of  dry 
ice  are  added  to  a  bottle  three-fourths  full  just  before  pulling  up 
;he  stick;  the  filtration  is  as  rapid  as  through  an  open  or  vented 
liter. 

The  rate  of  filtration  through  the  T  filters  ground  with  150-mesh 
Carborundum  is  very  high,  even  though  the  length  of  the  ground 
sone  of  contact  is  as  much  as  5  to  10  mm. 

A  filter  such  as  I  (Figure  1)  having  J  10/8  was  compared  with  a 
Coming  15  F  fritted  filter.  Both  were  fitted  with  rubber  collars 
md  placed  on  receivers  such  as  D,  then  charged  with  10  0  of  dis¬ 
tilled  water  and  centrifuged  at  1580  r.p.m. ;  both  filters  let 
through  8.5  cc.  in  2  minutes.  If  the  receiver  had  no  vent  the 
around  filter  was  dry  in  a  total  of  3  minutes  but  the  fritted  filter 
aeld  1  cc  for  at  least  5  minutes;  if  the  receiver  had  a  vent  both 
Biters  were  dry  in  3  minutes.  The  holdup  of  the  ground  filter 
was  0.05  cc.,  of  the  fritted  filter  0.15  cc. 

The  retentiveness  (in  the  centrifuge)  of  these  two  filters  was 
comparable:  both  prevented  the  passage  of  any  visible  amount 
of  barium  sulfate  when  tested  by  the  method  of  Scribner  and 
Wilson  (3);  both  readily  allowed  Staphylococcus  aureus  (1m  di¬ 
ameter)  to  pass  through.  (It  is  hoped  that  ground  filters  can  be 
made  which  will  retain  the  Staphylococcus  and  other  bacteria. 
Experiments  on  this  are  being  continued.) 

There  is  room  in  the  No.  2  International  centrifuge  (100-cc. 
brass  cups)  for  a  total  length  of  filter  plus  receiver  of  225  mm 
when  these  have  outside  diameter  of  25  mm.  or  less.  Filters  of 


type  C2  weighing  30  to  50  grams  have  been  repeatedly  carried 
by  receiver  D  without  breakage  at  1850  r.p.m.  Still  longer 
(larger  capacity)  filter  bottles  can  be  made  for  use  with  smaller 
capacity  receivers  in  cases  where  much  of  the  supernatant  solu¬ 
tion  can  be  pipetted  off  before  filtration.  It  would  be  wise  to 
make  them  smaller  and/or  from  lighter  wall  tubing  if,  for  special 
purposes,  speeds  of  2000  r.p.m.  or  more  are  desired.  The  speed 
of  1580  r.p.m.  has  often  given  a  holdup  of  only  20  mg.  of  mother 
liquor  on  1  gram  of  moderate  sized  crystals. 

SUMMARY 

Small  (up  to  30  cc.)  all-glass  filters  are  described  in  which  filtra¬ 
tion  occurs  between  standard-taper  rough-ground  surfaces. 
These  filters  are  equal  to  or  superior  to  small  Corning  F  fritted 
filters  in  the  following  respects:  they  give  equal  rates  of  filtration, 
and  have  equal  retentiveness;  They  have  smaller  holdup,  are 
much  easier  to  clean,  and  do  not  contaminate  preparations  with 
particles  of  glass.  In  adaptability  of  design  they  have  distinct 
advantages  over  “the  filters  described  by  Craig  and  Post.  A  new 
filter  bottle  is  described  which  is  particularly  suitable  for  use  in 
the  centrifuge  for  determinations  of  solubility  and  for  quantita¬ 
tive  handling  of  recrystallizations  and  precipitations. 
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Operation  of  the  Flame  Photometer 


Solution  Intake  Unit  for  Improved 


A  T  MYERS  Fruit  and  Vegetable  Crops  and  Diseases,  Bureau  of  Plant  Industry,  Soils,  and  Agricultural  Engineering,  U.  S.  Department  of 

Agriculture,  Beltsville,  Md. 


IN  USING  a  recent  model  of  a  commercial  flame  photometer, 
annoying  drift  and  fatigue  of  the  phototube  vrere  encoun¬ 
tered  (I).  As  a  result  one  standard  solution  had  to  be  run  alter¬ 
nately  with  the  sample  solution  tested.  An  improved  solution 
intake  unit  has  been  added  to  the  atomizing  system  which  in¬ 
creases  the  speed  and  accuracy  of  operation. 

Figure  1  shows  the  original  solution  intake  and  the  improved 
unit.  With  this  double  capillary  intake  and  the  three-way  stop¬ 
cock,  the  standard  solution  can  be  left  in  the  system  continuously, 
changing  only  the  beaker  containing  the  sample  solution,  which 
is  alternated  with  a  beaker  of  distilled  water  for  flushing  the 
atomizing  system.  A  sample  reading  can  be  made  very  quickly, 
after  setting  the  instrument  on  the  100-mark  with  the  standard 
solution.  In  other  words,  the  time  allowed  for  drifting  of  the 


Figure  1 .  Original  andilmproved  Solution  Intake  Unit  for  Flame 
Photometer 


Figure  2.  Four-way  Stopcock  for  Solution  Intake  Unit 


phototube  has  been  kept  at  a  minimum.  However,  the  most  im¬ 
portant  improvement  is  the  elimination  of  the  extra  operation  of 
handling  the  standard  solution  which  now  stays  continuously  in 
the  system. 

A  further  possible  improvement  is  shown  in  t  igure  2,  where  a 
four-way  stopcock  allows  a  beaker  of  distilled  water  to  be  added 
for  flushing  the  atomizing  system.  This  distilled  water  remains 
continuously  in  the  system  like  the  standard  solution;  thus  the 
operator  need  handle  only  the  beaker  containing  the  sample 
solution. 
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Cleaning  Laboratory  Glassware 

DANIEL  L.  HARRIS  and  HERSCHEL  K.  MITCHELL 
School  of  Biological  Sciences,  Stanford  University,  Calif. 


THE  device  illustrated  in  Fig¬ 
ure  1  has  proved  particularly 
useful  in  cleaning  laboratory 
glassware  with  corrosive  fluids 
such  as  chromic  acid  or  sulfuric- 
nitric  acid  mixtures.  It  is  also 
useful  for  drying  glassware  with 
organic  solvents  such  as  acetone, 
or  for  making  collodion  mem¬ 
branes  in  test  tubes.  The  unit  is 
constructed  of  Pyrex  and  can  be 
heated  directly  if  hot  cleaning 
solution  is  desired. 

In  operation,  a  flask,  beaker, 
etc.,  is  inverted  inside  the  funnel, 

A,  directly  over  the  throat,  G. 

Abrupt  pressure  on  the  rubber 
bulb,  E,  produces  a  strong  jet  of  fluid  which  floods  the  walls  of 
the  vessel  and  then  drains  back  into  the  funnel.  On  release  of 
the  bulb,  the  excess  fluid  is  sucked  back  into  chamber  B.  Flasks, 
test  tubes,  beakers,  bottles,  and  graduates  are  acid-cleaned  in  this 
manner  very  rapidly.  Flasks,  for  example,  have  been  acid- 
treated  at  a  rate  of  over  750  per  hour. 

If  the  vessels  being  cleaned  contain  a  large  amount  of  reducing 
material  which  can  wTash  back  into  the  chamber,  the  cleaning 
solution  will  deteriorate.  However,  in  normal  use  this  does  not 
occur.  Most  of  the  cleaning  action  probably  occurs  in  the 
film  of  acid  left  in  the  flask.  That  this  film  of  acid  is  suffi¬ 
cient  to  clean  the  glassware  thoroughly,  if  the  flasks  are  left 
standing  for  a  short  time,  is  indicated  by  the  fact  that  after  rins¬ 
ing  with  distilled  water,  interference  rings  form  within  1  or  2 
minutes. 

The  small  medicine-dropper  bulb,  D,  is  removed  when  the 
chamber  is  being  filled.  To  prevent  accidents,  it  is  wise  to  re¬ 
move  D  whenever  the  device  is  not  actually  in  use. 


A,  4  to  5-inch  funnel;  B,  0.5 
to  1 . 0-liter  flask;  C,  constriction 
in  10-mm.  tube,  internal  diam¬ 
eter,  2  to  3  mm„-  D,  medicine- 
dropper  bulb;  £,  60-ml.  rubber 
bulb;  F,  8-mm.  tubing;  G, 
throat,  about  18-mm.  internal 
diameter 


BOOK  REVIEWS 


Qualitative  Organic  Microanalysis.  Frank  Schneider,  iv  +  218 
pages.  John  Wiley  &  Sons,  Inc.,  440  Fourth  Ave,  New  York  16, 
N.  Y.,  1946.  Price,  $3.50. 

In  this  short  book  the  author  has  attempted  to  create  a  “guide  to 
the  microtechniques  required  for  the  identification  of  organic  com¬ 
pounds”.  The  first  half  of  the  manual  consists  of  a  compilation  of 
numerous  published  micromethods  applicable  to  fundamental  organic 
operations.  The  latter  half  is  an  abbreviated  treatment  of  the  prob¬ 
lems  of  qualitative  organic  analysis  along  with  laboratory  directions 
for  preparing  about  30  derivatives. 

Techniques  of  separation  and  the  handling  of  mixtures  are  not 
adequately  treated  by  the  author,  and  consequently  he  had  no  reason 
to  discuss  some  of  the  newer  practical  micromethods  for  this  work. 
One  thinks  particularly  of  diffusion  analysis  and  chromatography'. 
The  latter  might  have  been  mentioned  under  the  heading  “purifica¬ 
tion  of  the  sample”. 

Since  many  difficult  industrial  problems  in  the  field  of  organic  iden¬ 
tification  are  being  solved  every  day  by  methods  of  chemical  micros¬ 
copy,  it  would  seem  that  the  author  ought  to  have  offered  more  en¬ 
couragement  to  the  reader  in  the  use  of  the  microscope  as  a  tool  in 
organic  analysis.  He  mentions  the  scarcity  of  optical  data  for  organic 
compounds;  yet  he  does  not  list  even  the  most  valuable  literature 
sources  cf  such  data  now  in  existence.  For  instance,  there  is  no  men¬ 


tion  of  Winchell’s  recent  book  which  lists  optical  data  for  over  a 
thousand  organic  compounds,  or  of  the  Barker  tables  which  are  being 
published  in  England. 

The  first  portion  of  the  book  dealing  with  organic  operations  i.- 
abundantly  provided  with  diagrams  of  the  microapparatus  recom¬ 
mended.  Such  a  collection  should  prove  a  useful  reminder  to  ever 
the  experienced  organic  chemist  w-ho  may  have  seen  them  before 
Unfortunately  some  of  the  pieces  drawn  are  too  large  to  be  practica 
for  true  micro  work — i.e.,  30  to  100  mg.  of  substance — being  mor< 
suitable  for  “submacro”  work,  0.5  to  1.5  ml.  Yet  this  criticise 
does  not  detract  from  the  usefulness  of  the  manual. 

The  book  is  free  from  typographical  errors  and  is  attractive!) 
printed  in  a  medium-sized  type  suitable  for  student  use.  On  pages  12] 
and  122  the  author  uses  “crystalline  form”  indiscriminately  when  hi 
means  “crystal  habit”  in  some  instances.  Another  slip  is  the  frequen 
use  of  the  word  “microscopic”  for  the  more  appropriate  “microscope 
cal”. 

In  spite  of  our  criticism  the  book  fills  a  useful  purpose  and  is  i 
pioneer  in  the  field  which  it  covers.  J.  A.  Kuct 


Standard  Methods  for  Testing  Petroleum  and  Its  Products.  7tl 

edition.  550  pages.  Institute  of  Petroleum,  26  Portland  Place 

London,  W.l,  England;  and  American  Society  for  Testing  Mate 

rials,  1916  Race  St.,  Philadelphia  3,  Pa.  Price,  15s.  or  $3.25. 

An  added  feature  is  a  list  of  new  methods,  revisions  of  methods  am 
specifications,  and  withdrawals.  Two  new  methods  have  been  added 
and  21  standards  and  two  specifications  have  been  effected  by  variou 
changes.  The  conversion  tables  for  petroleum  oils  have  been  with 
drawn. 

One  of  the  new  methods  is  a  modification  of  a  test  for  the  deter 
mination  of  carbon  disulfide  in  tar  and  its  products  to  be  applied  t 
petroleum  products.  The  other  new  method  is  intended  to  detec 
the  coagulation  of  bitumen  emulsions  at  low  temperatures. 

The  method  for  knock  rating  of  aviation  fuel  (weak  mixture)  ha 
been  rewritten  to  correspond  to  the  A.S.T.M.  format.  Severs 
changes  have  been  made  in  the  knock  rating  methods  for  experiments 
fuels  over  100-octane  number  and  for  motor  fuel. 

Changes  in  procedure  and  interpretation  of  tests  are  few.  A  large 
sample  is  permitted  in  the  test  for  low  acidity.  Copper  strip  tests  fo 
corrosive  sulfur  are  to  be  interpreted  as  one  of  six  classifications  o 
color  change.  Methods  for  the  determination  of  tetraethyllead  i 
motor  fuel  by  bromination  and  hydrochloric  acid  are  modified.  Th 
bromination  method  is  not  applicable  directly  to  blends  containin 
alcohol  and  is  not  recommended  for  fuels  containing  a  high  percentag 
of  unsaturated  hydrocarbons. 

Modifications  are  indicated  in  apparatus  for  the  following  methods 
distillation  of  liquid  asphaltic  bitumen,  drop  point  of  greases,  flas 
point  (closed)  by  means  of  the  Pensky-Martens  apparatus,  penetra 
tion  of  bituminous  materials,  recovery  of  asphaltic  bitumen  froi 
asphalts,  residue  on  evaporation  of  kerosene  and  tractor  fuel,  sludgin 
value  of  transformer  oil,  softening  point  of  asphaltic  bitumen  (ring 
and-ball  method),  viscosity  by  the  Redwood  apparatus,  and  watc 
and  sediment  by  means  of  centrifuge. 

Editorial  changes  have  been  made  in  methods  for  ash  of  petroleui 
products,  color  by  means  of  the  Lovibond  tintometer,  distillation  c 
crude  petroleum,  and  sampling  petroleum  and  petroleum  product! 

The  title  of  the  specification  for  wartime  hydrometers  now  has  a 
emergency  status.  Modifications  in  the  specifications  for  wartim 
standard  thermometers  are  more  extensive.  F.  E.  Bucha 


Abstracts — Spectrochemical  Analysi: 

The  Ohio  Valley  Spectrographic  Society  announces  the  publicatio 
and  distribution  of  Collected  Abstracts  Published  during  1945  o 
Spectrochemical  Analysis,  compiled  by  Edwin  S.  Hodge.  The  64 
page  lithographed  booklet  contains  verbatim  copy  of  all  the  abstract 
published  in  1945  by  Chemical  Abstracts  on  articles  dealing  wit 
spectrochemical  analysis.  Over  80  references  are  cited,  covering  a 
the  latest  reported  developments  in  the  science,  including  analysi 
of  alloys,  direct-reading  instruments,  and  other  progress.  The  sul 
ject  matter  is  arranged  according  to  twelve  topics  and  is  well  indexec 

The  book  is  available  from  the  Ohio  Valley  Spectrographic  Sc 
ciety,  Engineers  Club  Bldg.,  Dayton,  Ohio,  at  $1  per  copy  if  cash  i 
sent  with  order;  $1.25  when  billing  is  required. 
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Use  of  Control  Charts  in  the  Analytical  Laboratory 

GRANT  WERNIMONT,  Industrial  Laboratory,  Eastman  Kodak  Company,  Rochester  4,  N.  Y. 


Control  charts  are  useful  in  the  testing  laboratory  for  comparing  the 
jver-all  variability  of  test  data  with  the  average  variability  of  small 
jroups  of  the  data,  and  are  simpler  to  understand  than  complicated 
itatistical  methods  of  analysis  of  variance.  Operational  meaning 
sf  control  charts  depends  on  the  manner  in  which  arbitrary  small 
jroups  are  chosen. 

STATISTICAL  methods  have  been  used  for  a  long  time  to 
present  the  average  of  test  method  results.  However,  as 
Fisher  has  pointed  out  (5),  the  variation  among  test  results  usu¬ 
ally  has  not  been  an  object  bf  study,  but  has  been  recognized 
rather  as  a  troublesome  circumstance  which  detracted  from  the 
value  of  the  average. 

The  estimates  of  test  method  precision  which  analysts  do  pre¬ 
sent  are  often  not  correct  because  they  are  made  on  the  basis  of 
a  small  amount  of  data  covering  only  a  short  period  of  time.  In 
many  cases,  a  great  deal  of  effort  has  been  taken  to  eliminate 
all  assignable  causes  of  variation  while  the  precision  of  the  test 
method  is  being  studied,  even  though  it  would  not  be  desirable 
or  even  possible  to  do  so  when  the  test  method  is  used  for  routine 
control  purposes.  W.  S.  Gosset,  who  published  under  the 
pseudonym  of  “Student”,  stated  all  this  aptly  when  he  observed 
{17)  that  an  analyst  who  wishes  to  impress  his  clients  will  ar¬ 
range  to  do  repetition  analysis  as  nearly  as  possible  at  the  same 
time,  but  if  he  wishes  to  diminish  his  real  error  he  will  separate 
them  by  as  wide  an  interval  as  possible. 

The  application  of  statistical  methods  to  industrial  manu¬ 
facturing  problems  has  been  pioneered  in  the  United  States  by 
Shewhart  {14).  During  the  war,  the  War  Production  Board 
sponsored  some  thirty-three 

short  courses  on  the  industrial  — 

application  of  Shewhart’s 
rqethods  in  which  almost  two 
thousand  men  were  trained. 

With  the  coming  of  these 
“quality  control”  methods  into 
chemical-process  manufactur¬ 
ing,  it  will  be  increasingly  im¬ 
portant  for  analysts  to  be  able 
to  determine  how  much  of  any 
observed  process  variation  is 
to  be  ascribed  to  the  test  pro¬ 
cedure  itself.  The  control  chart 
method  of  Shewhart  is  prob¬ 
ably  the  most  practical  method 
of  studying  the  precision  and 
accuracy  of  routine  test  meth¬ 
ods,  and  several  authors  have 
already  mentioned  its  applica¬ 
tion  to  the  study  of  chemical 
test  procedures  {4,  7,  8, 10,  20). 

No  attempt  will  be  made  here 
to  develop  the  mathematics 


upon  which  control  charts  are  based;  and  only  a  brief  reference 
will  be  made  to  the  simple  arithmetical  calculations  involved 
because  this  part  has  been  adequately  presented  in  many  publi¬ 
cations  {1,  2,  6,  12-16).  An  attempt  will  be  made  to  show  the 
operational  meaning  which  can  be  put  into  control  charts  when 
applied  to  problems  in  the  analytical  laboratory. 

MAKING  A  CONTROL  CHART 

A  control  chart  may  be  described  as  a  graphic  presentation  of 
test  data  in  such  a  manner  that  the  variability  of  all  the  results  is 
compared  with  the  average  variability  within  (arbitrary)  small 
groups  of  the  test  results.  The  chart  is  said  to  show  evidence  of 
“control”  when  there  is  no  more  variation  throughout  the  entire 
set  of  results  than  corresponds,  statistically,  to  the  average  vari¬ 
ation  within  the  (arbitrary)  small  groups. 

In  order  to  illustrate  the  preparation  of  a  control  chart,  use 
can  be  made  of  a  comprehensive  experiment  made  by  Shewhart 
{14)i  in  drawing  marked  chips  from  a  bowl.  In  his  experiment, 
998  chips  were  marked  as  shown  in  Figure  1,  and  1000  groups  of 
four  chips  were  drawn  with  replacement  from  the  well-mixed 
bowl.  The  averages  and  ranges  (difference  between  highest  and 
lowest)  of  the  first  fifty  drawings  are  plotted  in  Figure  2.  The 
grand  average  was  -0.08  and  the  average  range  of  four  was  2.03. 
It  can  be  seen  that  this  graph  of  random  drawings  is  similar  to  a 
graph  for  routine  test  results,  in  that  both  the  averages  and  ranges 
fluctuate  and  the  question  immediately  arises  as  to  whether  any 
limits  for  these  variations  can  be  set  up. 

Table  I  can  be  used  to  set  up  these  limits  as  follows:  The  upper 
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Table 


Chart  for  Individuals,  Fac- 
tors  for  Control  Limits 

Av.  standard 

deviation,  Av.  range. 


Factors  for  Computing  3-Sigma  Control  Limits 

Chart  for  Standard 
Deviations 
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Control  limits  for  averages  of  groups  of  n  =  X 

=  (1J 


3<r 

C2 


v.  range, 
A  2 

C2 

Bz 

1.88 

0.5642 

0 

3.66 

1.02 

0.7236 

0 

2.69 

0.73 

0.7979 

0 

2.33 

0.58 

0 . 8407 

0 

2.13 

0.48 

0 . 8686 

0 

2.00 

0.42 

0 . 8882 

0.10 

1.90 

0.37 

0.9027 

0.17 

1.83 

0  34 

0.9139 

0.23 

1.77 

0.31 

0.9227 

0.27 

1.73 

X  ±/i7  = 

f  -=$- 

02 

X  ±IzR 

Control  limits  for  standard  deviations 
Control  limits  for  ranges  =  R 
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2.326 

2.534 
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2.847 
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A2R 


control 

limits 


Dz 

0 

0 

0 

0 

0 

0.08 

0.14 

0.18 

0.22 


D  4 

3.27 
2.57 

2.28 
2.11 
2.00 
1  92 
1.86 
1.82 
1.78 


y/2  n  a 

3vp  —  DzR  to  DiR 


a  =  Bz  1  to  > 


Y  =  prand  average-  =  average  standard  deviation;  R  —  average  range 

With  the  exception  of  factors  in  columns  for  Ii  and  U,  this  table  is  taken  from  (1)  Table  I,  page  50; 
are  explained  on  pages  52  and  53. 


the  formulas 
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and  lower  limits  for  range  variation  are  equal  to  the  average 
range,  2.03,  multiplied  by  the  factors  0  and  2.28  (which  are 
found  in  columns  D3  and  D4  corresponding  to  a  group  size  of  four 
under  chart  for  ranges).  This  gives  a  lower  lim.it  of  0  and  an 
upper  limit  of  4.6  for  the  variation  of  ranges  of  four  drawings. 
Ranges  greater  than  4.6  (and  less  than  6.0)  are  possible  but  they 
should  be  observed  only  one  or  two  times  per  thousand  drawings 
by  chance  alone. 


Figure  1.  Distribution  of  998  Chips  in  Shewhart’s 
Sampling  Experiment 

Average,  0.0 
Standard  deviation,  1.007 


Table  II. 


Summary  of  Calculation  of  Control  Limits  for  Shewhart’ 
Drawing  Experiment 
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Av. 

-0.08 

2.03 

limits  for  R 

=  (0  X  2.03)  to 

(2.28  X 

2.03)  =  1 

3  to  4.6 

Control  limits  for  A'  =  -0.08  ±  (0.73  X  2.03)  =  -1.56  to  +1.40 
For  complete  data  see  (14)  Table  A,  p.  442. 


ranges,  standard  deviations,  and  averages  of  small  groups  of  test 
results  as  well  as  for  the  individual  results  themselves.  When 
these  limits  are  drawn  into  the  graph,  the  resulting  control  chart 
shows  at  a  glance  whether  there  is  more  variation  among  the 
groups  (or  among  all  the  individual  results)  than  corresponds, 
statistically,  to  the  average  variation  within  the  groups.  If  ex¬ 
cessive  variation  is  found  to  be  present,  the  control  chart  will 
often  help  to  find  its  cause. 


In  a  similar  manner,  the  limits  of  variation  for  the  averages  of 
four  about  the  grand  average  are  equal  to  the  average  range, 
2.03,  multiplied  by  the  factor  0.73  (which  is  found  in  column 
A2,  corresponding  to  a  group  size  of  four  under  chart  for  averages). 
This  gives  the  limits  —0.08  ±1.48  for  the  variation  of  averages  of 
four  drawings.  A  summary  of  these  calculations  is  given  in 
Table  II. 


Figure  2.  Two  Hundred  Drawings  from  Shewhart’s  Bowl 
of  Chips  in  Groups  of  Fours 

These  so-called  “control  limits”  are  drawn  in  as  shown  in  Fig¬ 
ure  3,  and  it  can  be  seen  that  the  ranges  and  averages  are  all 
within  their  control  limits,  as  of  course  they  should  be,  if  Shew¬ 
hart’s  experiment  was  carried  out  properly.  The  control  chart 
tells  us  graphically  that  there  was  no  more  variation  among  the 
fifty  averaged  values  than  corresponds,  statistically,  to  the  aver¬ 
age  range  of  four  individual  chips  drawn  at  one  time.  If  an  in¬ 
finite  number  of  drawings  were  tabulated  and  summed  up,  the 
results  would  make  a  distribution  curve  like  that  showm  at  the 
right  of  Figure  3;  the  control  limits  correspond,  approximately, 
to  the  points  on  either  side  of  the  grand  average  where  this  dis¬ 
tribution  curve  approaches  the  .zero  base  line. 

The  table  of  factors  can  be  used  to  estimate  control  limits  for 


CHECKING  PERFORMANCE  OF  ROUTINE  TEST  METHODS 

Many  laboratories  maintain  a  “controlled  sample”  which  is 
used  at  regular  intervals  to  check  the  performance  of  a  routine 
test  method.  The  control  chart  in  Figure  4  shows  such  test 
results  for  a  simple  viscometer.  The  controlled  sample  is  run 
every  day  just  before  the  production  samples  are  tested.  The 
five  weekly  results  for  the  controlled  sample  are  grouped  in  order 
to  estimate  control  limits.  The  lower  graph  for  weekly  ranges 
indicates  no  variations  greater  than  are  to  be  expected  by  chance 
alone,  and  the  upper  graph  shows  that  there  is  no  more  variation 
among  the  individual  results  from  week  to  week  than  corresponds, 
statistically,  to  the  average  variation  of  any  one  week.  These 
limits  of  test  variation  are  satisfactory  to  the  production  depart¬ 
ment. 

This  kind  of  chart  is  invaluable  wrhen  new  test  operators  are 
being  trained  or  when  it  becomes  necessary  to  change  the  con¬ 
trolled  sample.  The  chart  also  stops  effectively  most  of  the 
arguments  between  the  testing  laboratory  and  the  production 
department  over  the  validity  of  production  test  results  which  are 
not  as  they  should  be. 

Sometimes  it  is  possible  to  keep  a  satisfactory  check  on  a  rou- 


Figure  3.  Control  Chart  for  Averages  of  Four  Drawings  from 
Shewhart’s  Bowl  of  Chips 
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Figure  4.  Control  Chart  for  Viscosity  of  a  Standard  Sample 


ine  test  method  without  the  use  of  a  controlled  sample.  Figure  5 
hows  a  control  chart  for  the  moisture  content  of  production  dis- 
illation  lots  of  an  organic  solvent.  The  lower  graph  shows  that 
he  differences  between  two  consecutive  lots  of  the  solvent  do  not 
uctuate  more  than  corresponds  to  chance  alone.  The  upper 
raph  for  individual  lots  indicates  that  there  is  no  more  variation 
rom  lot  to  lot  than  corresponds,  statistically,  to  the  average  dif- 
crence  between  two  consecutive  lots.  This  control  chart  corn- 
lines  the  variations  of  the  production  department  and  the  testing 
iboratory,  but  the  chart  still  serves  a  useful  purpose  in  the  labo- 
atory  as  long  as  all  results  are  within  their  own  control  limits  and 
he  control  limits  are  within  the  specification  limits  (in  this  case 
l  to  0.6%  moisture). 
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Figure  5.  Control  Chart  for  Routine  Moisture 
Determinations  on  Production  Lots  of  an  Organic 
Solvent 


manner  which  is  both  objective  and  quantitative.  Figure  6  shows 
the  results  of  a  comparison  between  the  so-called  method  oi  single 
swings  and  the  more  commonly  used  multiple-swing  method  for 
weighing  on  the  analytical  balance. 

Four  individual  comparisons  of  two  1-gram  and  two  100-gram 
weights  were  made  on  ten  different  days  using  the  two  methods. 
With  one  exception,  the  daily  variation  (standard  deviation) 
does  not  fluctuate  significantly  greater  than  it  should  by  chance 
alone  and,  with  four  exceptions,  the  individual  weighings  are  all 
within  their  control  limits. 

No  assignable  causes  were  found  which  would  account  for  the 
occasional  lack  of  control  for  individual  weighings,  but  they  may 
be  the  result  of  air  drafts  or  faulty  manipulation  in  releasing 
the  beam  rests.  A  control  chart  for  daily  averages  would  indi¬ 
cate  some  evidence  of  more  variability  in  the  weighings  from 
one  day  to  another  than  corresponds  to  the  average  daily  vari¬ 
ability.  However,  there  is  no  evidence  that  either  of  the  two 
weighing  procedures  is  superior  to  the  other  for  weighing  loads  up 
to  the  full  capacity  of  the  balance.  One  important  thing  to  note 
in  favor  of  the  method  of  single  swings  is  the  fact  that  it  requires 
about  one  quarter  as  much  time  as  the  multiple-swing  method. 

Mention  has  been  made  of  control  charts  for  individual  test 
results  and  for  averages  of  test  results.  It  is  always  better,  from 
a  statistical  point  of  view,  to  chart  averages  rather  than  the  indi¬ 
viduals  themselves.  However,  there  are  many  occasions  in  the 
analytical  laboratory  where  single  observations  rather  than 
averages  are  used  or  reported.  Thus,  only  rarely  would  weighings 
be  made  in  replicate  and  the  average  weight  used  or  reported. 
In  such  cases  the  individuals  can  be  charted,  although  they  must 
be  grouped  arbitrarily  in  order  to  estimate  control  limits.  It  is 
often  desirable  to  chart  averages  as  well  as  individuals  because 
the  chart  for  averages  gives  valuable  information  about  the 
general  pattern  of  a  set  of  test  results,  even  though  it  is  only  the 
individual  results  which  are  reported  or  used. 

CONTROLLING  ERRORS  OF  CALIBRATION  OF 
TESTING  EQUIPMENT 

The  calibration  of  testing  equipment  is  often  plagued  with  the 
errors  of  the  calibration  method  itself,  and  control  charts  will 
offer  help  in  such  cases.  Figure  7  shows  the  results  of  calibrating 
nine  burets  by  weighing  the  water  delivered  at  a  known  tem¬ 
perature  to  the  39-,  40- ,  and  41-ml.  marks.  The  lowest  graph 
shows  the  range  of  three  consecutive  individual  tests  made  for 
each  mark,  and  it  can  be  seen  that  there  are  no  variations  from 
range  to  range  greater  than  correspond  to  chance  alone,  although 
the  upper  limit  of  0.03  ml.  seems  high.  These  range  variations 
were  not  the  result  of  insufficient  drainage  time,  and  they  seem 
to  represent  real  differences  in  the  amount  of  water  held  up  on  the 
walls  of  the  buret. 


When  the  routine  test  results  show  lack  of 
control,  the  analyst  checks  his  reagents  and 
then  verifies  his  results  on  replicate  samples 
from  the  suspected  lot.  The  use  of  such  a 
control  chart  sometimes  makes  it  possible  to 
reduce  the  amount  of  routine  testing  when 
a  production  process  is  not  giving  trouble. 
As  soon  as  lack  of  process  control  is  indicated, 
the  amount  of  routine  testing  can  be  increased 
immediately. 

COMPARING  MERITS  OF  ALTERNATIVE 
TEST  PROCEDURES 

It  is  often  desirable  to  compare  the  merits 
:  of  alternative  test  procedures,  and  a  con¬ 
trol  chart  will  usually  help  to  do  this  in  a 
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Figure  7.  Control  Chart  for  Buret  Calibrations 
Each  buret  checked  at  39-,  40-,  and  41 -ml.  marks 


Figure  9.  Control  Chart  for  a  Calorimeter  Constant 


The  control  limits  for  averaged  corrections  have  been  drawn 
about  zero  as  the  mean,  in  the  upper  graph,  because  all  corrections 
would  be  zero  if  the  burets  were  perfectly  marked.  There  is  more 
variation  among  the  corrections  than  corresponds,  statistically, 
to  the  average  range  of  three  consecutive  individual  calibrations. 
Therefore,  the  corrections  are  applied  if  they  are  greater  than 
±0.01  ml.  but  no  correction  is  justified  if  it  is  ±0.01  ml.  or  less. 
In  other  words,  corrections  which  fall  within  the  control  limits 
based  on  the  variability  of  the  method  of  calibration  are  not 
significant  and  no  gain  in  accuracy  results  from  applying  them. 

IMPORTANCE  OF  PROPER  GROUPING  OF  TEST  RESULTS 

The  manner  in  which  test  results  are  grouped  is  very  important, 
and  the  next  two  control  charts  illustrate  this  very  well.  Figure 
8  shows  the  results  of  tests  on  the  reproducibility  of  a  calorimeter 
over  a  period  of  about  30  days  (3).  The  graph  for  differences 
between  consecutive  days  is  satisfactory,  and  the  daily  indi¬ 
viduals  show  about  the  same  variability  as  that  corresponding  to 
the  average  difference  between  consecutive  days.  The  results 
are  outside  control  limits  on  two  days  and  there  are  too  many 
results  approaching  the  control  limits.  This  indicates  that  there 
may  be  more  variation  from  day  to  day  than  corresponds  to  the 
variation  in  any  one  day  and  the  data,  as  collected,  will  never 
show  it  up. 

Figure  9  shows  a  chart  for  the  calibration  of  a  fuel  calorimeter, 
in  which  replicate  calibrations  were  made  on  the  same  day. 


Figure  8.  Control  Chart  for  Heat  of  Combustion  of 
CJ5.  Benzene 


Data  of  Dean,  Williams,  and  Fisher  (S) 


Daily  standard  deviations  and  averages  are  again  all  within  thei 
control  limits,  which,  in  this  case,  means  that  there  is  no  mon 
variation  from  day  to  day  than  corresponds,  statistically,  to  thi 
average  variation  on  any  one  day.  The  two  charts  shown  ii 
Figures  8  and  9  illustrate  how  the  same  type  of  experimenta 
wTork  can  be  made  to  have  different  operational  meanings  merely 
by  carefully  choosing  the  method  of  grouping  the  tests. 

Another  illustration  of  the  importance  of  picking  the  propel 
arbitrary  small  group  is  shown  in  Figure  10.  A  controllec 
sample  of  sodium  hydroxide  in  potassium  hydroxide  was  sub¬ 
mitted  for  routine  analysis  twice  a  month  for  18  months.  Th< 
authors  (21)  treated  the  entire  set  of  results  as  a  single  group  anc 
concluded  that  the  test  method  was  satisfactory.  However 
w'hen  the  data  are  plotted,  it  seems  evident  that  the  monthly 
range  and  the  individual  determinations  themselves  show  less 
variability  with  time.  If  the  data  are  divided  in  the  middle,  twc 
periods  are  obtained  during  which  there  is  no  more  variation  from 
month  to  month  than  corresponds,  statistically,  to  the  average 
monthly  differences;  but  the  limits  are  reduced  approximately 
one  half  during  the  second  period.  It  is  possible  that  some  change 
in  the  test  procedure  was  made  early  in  1942  which  will  account 
for  these  improved  results.  In  any  event,  had  a  chart  such  as  this 
been  in  use  prior  to  August,  1942,  the  authors  might  have  found 
an  assignable  cause  for  the  two  low  results  of  that  month. 


Figure  10.  Control  Chart  for  Determination  of  Sodium 
Hydroxide  in  a  Potassium  Hydroxide  Control  Sample 

Data  of  Williams  and  Haines  (2/) 


)ctober,  1946 
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Figure  1 1 .  Control  Chart  for  Sodium  Hydroxide  Standardizations 


The  application  of  control  chart  methods  to  data  already  col- 
ected  often  shows  that  the  same  amount  of  experimental  work 
would  have  yielded  a  great  deal  more  useful  information  if  it 
had  been  planned  in  a  slightly  different  way. 


materials,  or  in  the  analysts,  and  the  control  chart 
should  help  materially  in  locating  the  cause.  No' con¬ 
clusions  about  the  relative  merits  of  the  three  primary 
standards  can  be  safely  drawn  until  the  cause  of  this  lack 
of  control  is  removed. 

The  control  chart  in  Figure  12  summarizes  data 
for  nine  methods  of  determining  lead  (9).  Known 
solutions  containing  exactly  70.0  mg.  of  lead  were  tested 
by  each  method  with  four  replicates  at  the  same  time 
in  each  test.  The  methods  were  all  different,  five  gravi¬ 
metric  and  four  volumetric.  The  lower  graph  shows  that 
the  range  fluctuations  are  no  greater  than  correspond  to 
chance  alone,  although  the  authors  expressed  the 
opinion,  based  on  other  considerations,  that  method  5 
showed  excessive  variation.  The  control  limits  for 
averages  were  drawn  about  70.0  mg.  rather  than  the 
grand  average  of  all  the  results  because  the  controlled 
samples  all  contained  70.0  mg.  of  lead.  Three  of  the 
methods  gave  excessively  low  results,  based  on  the 
average  range  of  the  nine  tests. 

The  control  chart  in  Figure  13  summarizes  the  results 
of  a  collaborative  study  of  gravimetric  and  volumetric  methods 
for  determining  sulfur  in  coal  (18).  The  sulfur  was  determined  as 


COMPARISON  OF  COLLABORATIVE  STUDIES  OF  TEST  METHODS 

An  obvious  application  of  control  charts  is  to  the  comparison 
of  the  results  of  the  collaborative  study  of  test  methods,  and 
several  examples  will  be  presented  to  show  this.  Figure  11  shows 
the  results  of  such  a  study  of  the  standardization  of  0.1  A  solutions 
of  sodium  hydroxide  (11).  Unknown  samples  of  the  solution 
were  standardized  in  twelve  different  laboratories  by  means  of 
three  primary  standards.  The  lower  graph  shows  the  range  of 
three  individual  standardizations  made  at  the  same  time,  and 
the  upper  graph  shows  the  average  of  the  three.  This  control 
chart  indicates  that  there  is  some  uncontrolled  factor  which  af¬ 
fects  the  ranges  of  some  of  the  analysts  more  than  corresponds  to 
chance  alone,  and  there  is  also  more  variation  among  the  analysts 
than  corresponds,  statistically,  to  the  average  range  of  the  indi¬ 
vidual  standardizations  made  by  each  analyst.  Three  labora¬ 
tories  are  consistently  out  of  control  and  one  laboratory  gave 
bad  results  when  using  one  of  the  standards.  The  cause  of  these 
abnormal  variations  might  be  in  the  standardizing  procedure,  in 
the  controlled  sample  of  sodium  hydroxide,  in  the  standardizing 


Figure  12.  Control  Chart  for  Comparing 
Various  Test  Methods  for  Lead 

Data  of  Lykken  (9) 


METHOD  BOMB  ESCHKA  TETRA-  SODIUM 

WASHING  HYDROXY-  RHODIZ- 

QUINONE  ONATE 


Figure  1 3.  Control  Chart  for  Methods  of  Determining 
Sulfur  in  Coal 

Data  ol  Tomkins  (.18) 


barium  sulfate  in  both  gravimetric  methods,  but  in  one  case 
calorimeter  bomb  washings  were  used  while  in  the  other  separate 
samples  of  coal  were  carried  through  the  Eschka  method.  Bomb 
washings  were  used  for  both  volumetric  methods  but  different 
indicators  served  to  detect  the  end  point  of  the  final  sulfate  tit  i  a- 
tion  with  barium  chloride. 

The  lower  graph  for  range  of  each  collaborator  s  individual 
determinations  shows  that  the  gravimetric  methods  are  appre¬ 
ciably  less  variable  than  the  volumetric  methods  and  that  in  both 
cases  the  ranges  do  not  show  more  variation  than  corresponds  to 
chance  alone.  One  might  conclude  from  this  that  the  volumetric 
methods  are  less  satisfactory  than  the  gravimetric  methods. 
This  is  not  the  case,  however,  because  the  upper  graph  for  aver¬ 
ages  shows  that  the  collaborators  cannot  agree  as  well  using  the 
gravimetric  methods  as  they  do  using  the  volumetric  methods. 

Unless  the  cause  of  this  lack  of  agreement  between  collabora¬ 
tors  using  the  gravimetric  methods  can  be  found  and  removed 
it  would  be  better  to  use  the  volumetric  methods  even  though  they 
are  somewhat  less  precise.  Nothing  can  be  said  about  the  ac¬ 
curacy  of  the  methods  because  the  sulfur  content  of  the  controlled 
samples  of  coal  was  not  known. 
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The  control  chart  in  Figure  •  14  shows  the  results  of  a 
collaborative  study  of  three  methods  for  determining  the 
total  solids  in  fish  (19).  Two  controlled  samples  of  fish  (canned 
salmon  and  fresh  herring)  were  tested  by  five  analysts,  using  a 
vacuum  oven  method,  a  double  oven  method;  in  which  the  sam¬ 
ples  were  heated  first  to  70  0  C.  and  then  to  130  °  C.,  and  a  vacuum 
desiccator  method.  The  weighed  samples  were  dried  for  arbi¬ 
trary  lengths  of  time  and  weighed.  The  samples  were  then  dried 
for  one  additional  hour  and  weighed  again. 


The  lower  graph  shows  that  the  variability  of  differences 
between  duplicate  weighings  one  hour  apart  is  no  greater 
than  corresponds  to  chance  for  either  sample  of  fish.  How¬ 
ever,  the  averages  of  the  five  analysts  are  in  much  better 
control  for  the  tests  on  canned  salmon  than  for  the  tests  on  fresh 
herring,  even  though  the  limits  for  fresh  herring  are  three  times 
as  wide.  A  possible  explanation  for  this  difference  is  that  the 
cooked  fish  has  been  broken  down  so  that  it  requires  less  drying 
time  than  the  fresh  fish.  It  seems  possible  that  the  results  for 
fresh  fish  might  show  satisfactory  control  if  the  drying  treatment 
were  extended  before  the  first  weighing  was  made. 

CONCLUSIONS 

Control  charts  have  been  found  useful  in  the  testing  laboratory 
whenever  it  is  desirable  to  compare  the  over-all  variability  of  test 
data  with  the  average  variability  of  small  groups  of  the  data,  and 
they  are  simpler  to  understand  than  the  more  complicated  sta¬ 
tistical  methods  of  analysis  of  variance.  Operational  meaning 
can  be  put  into  the  charts,  depending  entirely  on  the  manner  in 
which  the  arbitrary  small  groups  are  chosen. 

When  the  small  groups  consist  of  replicate  tests,  made  at  the 
same  time  on  the  same  sample,  the  resulting  control  chart  sub¬ 
jects  the  data  to  the  most  rigid  test  that  is  possible,  because  most 
of  the  uncontrolled  factors,  which  contribute  to  variations  in  any 
test  method,  affect  the  groups  more  than  they  affect  the  indi¬ 
vidual  tests  within  each  group. 

Test  methods  which  show  evidence  of  control,  based  on  this 
kind  of  grouping,  may  still  lack  satisfactory  precision.  In  such 
cases,  it  is  obviously  necessary  to  control  more  of  the  factors 
which  contribute  to  individual  test  variations  within  the  small 
groups. 

Test  methods  which  show  lack  of  control,  based  on  this  kind 
of  grouping,  are  being  influenced  by  uncontrolled  factors  which 


have  an  unequal  effect  upon  the  groups.  Often  these  factors  can 
be  found  and  controlled,  but  sometimes  it  is  not  desirable  or,  as 
“Student”  pointed  out  (17),  even  possible  to  remove  them.  In 
such  cases,  the  arbitrary  small  groups  should  be  changed  so  that 
each  group  will  include  the  effects  of  the  uncontrolled  factors. 

The  control  chart  for  viscosity  (Figure  4)  illustrates  this  very 
well,  for  if  the  weekly  groups  in  this  chart  were  changed  to  groups 
of  replicates  tested  on  the  same  day,  the  resulting  control  limits 
would  be  reduced  so  much  that  lack  of  control  would  be  indi¬ 
cated.  It  is  recognized  that  there  is  more  variation  in  this  test 
from  day  to  day  than  that  found,  on  the  average,  in  any  one  dav, 
and  this  day-to-day  variation  is  included  when  the  tests  are 
grouped  by  weeks. 

Control  chart  analysis  often  shows  that  routine  test  methods 
are  not  so  precise  as  they  were  previously  thought  to  be.  It  also 
usually  shows  that  the  test  variations  are  smaller  than  the  vari¬ 
ations  in  the  process  which  the  test  is  designed  to  help  control. 
As  long  as  the  test  variations  are  no  greater  than  the  process 
variation,  replicate  testing  of  single  samples  may  sometimes  be 
uneconomical  because  the  additional  evidence  of  the  replicates 
does  not  ma  terially  help  in  controlling  the  process.  In  such  cases, 
it  may  be  better  to  replicate  the  samples  in  such  a  manner  that 
more  control  of  the  process  results,  and  then  test  each  sample  only 
once. 

Only  a  few  of  the  many  applications  of  control  charts  have 
been  presented  here,  but  it  is  safe  to  say  that  their  use  in  the 
analytical  laboratory  is  limited  only  by  the  ingenuity  of  the 
analyst. 
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Determination  of  Basic  Nitrogen  in  Hydrocarbon  Feed 

Stocks 

LEON  DONN  AND  HARRY  LEVIN,  The  Texas  Company,  Beacon,  N.  Y. 


immonia  is  not  retained  when  very  dilute  gaseous  concentrations 
bubbled  through  dilute  sulfuric  acid.  Storage  of  such  dilute 
jseous  mixtures  in  iron  cylinders  results  in  loss  of  appreciable  basic 
i:rogen  content.  Ammonia  and  amines  in  concentrations  be- 
leen  0.000015  and  0.008%  calculated  as  ammonia  have  been 

fcessfully  determined  in  normally  gaseous  hydrocarbon  feed  stocks 
a  new  method  that  involves  passage  of  a  cooled  (about  —60°  C.) 
drocarbon  sample  into  a  substantially  nonaqueous  standard  solu- 
m  of  sulfuric  acid,  evaporation  of  the  hydrocarbon,  and  titration 
the  excess  acid  with  standard  alkali.  About  4  hours  are  required 
r  a  400-gram  sample. 


RACE  impurities  in  hydrocarbon  gases  have  a  serious  and 
harmful  effect  upon  certain  catalytic  processes.  The 
umination  of  such  impurities  and  control  of  their  concentration 
e  dependent  upon  suitable  analytical  methods. 

Methods  for  determining  minute  quantities  of  water  ( 1 ) 
id  oxygen  (2)  in  such  gases  have  been  described  and  the  pres¬ 
it  paper  describes  a  suitable  method  for  ammonia  or  other 
1 1, sic  nitrogen  compounds. 

In  the  investigation  of  methods  for  determining  basic  nitrogen, 
vo  general  types  of  procedure  were  considered  for  transferring 
|Le  basic  compounds  from  the  hydrocarbon  to  the  aqueous 
edia  in  which  they  subsequently  could  be  determined  by  con- 
ntional  methods.  Both  methods  involved  aqueous  acid  ex¬ 
action;  in  one  the  sample  was  treated  in  the  gaseous  phase  and 
the  other,  in  naphtha  solut  ion. 

Where  the  sample  was  treated  in  the  gaseous  phase,  fritted- 
ass  scrubbers  containing  dilute  sulfuric  acid  failed  to  retain 
nail  concentrations  of  ammonia.  In  a  run  on  70  grams  of  hy- 
rocarbon  sample,  in  which  six  such  scrubbers  in  series  were 
sed,  the  first  showed  0.00005%  of  ammonia  and  the  sixth 
00004%.  In  almost  every  test  the  second  scrubber  collected 
ractically  as  much  base  as  the  first  in  the  series. 


Treatment  of  a  sample  in  naphtha  solution  involved  diluting 
a  liquefied  sample  with  naphtha,  from  which  basic  compounds 
were  extracted  by  dilute  sulfuric  acid  using  ordinary  separatory 
funnels.  Good  results  were  obtained  on  C4  hydrocarbon  samples 
but  when  appreciable  quantities  of  C3  or  lower  boiling  hydro¬ 
carbons  were  present  the  manipulations  were  hazardous  and  im¬ 
practical  because  of  the  pressures  involved. 

The  procedure  which  proved  satisfactory  involves  condensa¬ 
tion  of  the  hydrocarbon  sample  into  a  substantially  nonaqueous 
standard  solution  of  sulfuric  acid  in  acetone,  evaporation  of  the 
hydrocarbon,  and  titration  of  the  excess  acid  to  methyl  red  indi¬ 
cator.  The  condensation  is  effected  by  a  dry  ice-acetone  bath 
(at  about  —60°  C.):  constituents  not  retained  at  this  tempera¬ 
ture  are  measured  on  emergence  from  the  condensation  flask. 
Though  the  lower  boiling  hydrocarbons  are  not  completely  con¬ 
densed,  their  basic  constituents  are  quantitatively  retained  in  the 
nonaqueous  acid  through  which  they  pass.  Sample  size  is  deter¬ 
mined  from  the  sum  of  the  condensed  and  uncondensed  portions 
of  the  sample,  the  former  by  weighing,  the  latter  by  gas  metering 
and  gravity  determination.  The  time  required  to  complete  a 
determination  on  a  400-gram  sample  is  not  more  than  4  hours. 

DETAILS  OF  METHOD 

Reagents.  Sodium  hydroxide,  aqueous,  0.02  N.  Prepare 
by  diluting  clarified  50%  sodium  hydroxide  solution  with  car¬ 
bon  dioxide-free  water  and  protecting  from  carbon  dioxide  with 
a  soda-lime  tube. 

Sulfuric  acid,  0.02  N.  Prepare  by  diluting  aqueous  4  N  sul¬ 
furic  acid  with  acetone.  . 

Methyl  red  indicator,  a  saturated  solution  of  the  free  acid  in 
0.1  N  aqueous  sodium  hydroxide. 

Procedure.  Half  fill  the  condensing  bath  with  acetone  and 
in  it  carefully  immerse  a  perforated  can  containing  small  pieces 
of  dry  ice.  Acetone  will  enter  the  can  through  its  perforated 
bottom  and  rapidly  dissipate  the  dry  ice.  Remove  the  empty 
can  refill  with  dry  ice,  and  again  immerse  in  the  acetone  bath, 
repeating  the  operations  until  the  effervescence,  which  is  violent 
at  first,  practically  ceases.  Then  add  several 
pieces  of  dry  ice  directly  to  the  bath  to 
maintain  its  temperature  at  about  —60°  C. 

Pipet  20  ml.  of  0.02  N  solution  of  sulfuric 
acid  in  acetone  into  the  dry  condensing  flask 
and  a  like  portion  into  a  250-ml.  Erlenmeyer 
flask  containing  50  ml.  of  water;  the  latter 
serving  as  blank  is  reserved  until  the  sample 
is  titrated,  when  it  also  is  titrated. 

Stopper  the  condensing  flask  with  the  one- 
hcle  glass  plug  and  carefully  dip  it  into  the 
cold  acetone  bath  until  all  the  coils  of  the 
flask  are  immersed.  Remove  the  flask  from  the 
bath,  quickly  wipe  the  bottom,  set  upon  a  cork 
ring  on  a  pan  balance,  weigh  rapidly  within  1 
gram,  and  record  as  tare  weight. 

Reimmerse  the  flask  in  the  cold  bath  and  as¬ 
semble  the  apparatus  as  shown  in  Figure  1. 
The  assembly  may  be  mounted  on  a  suitable 
rack  for  convenience  in  carrying  to  and  from 
sampling  points. 

Completely  fill  the  gas-sampling  pipet  with 
water,  as  well  as  the  lower  arm  of  the  tee  to 
which  it  is  attached.  This  may  be  conveni¬ 
ently  accomplished  by  upward  flow.  Close 
stopcock  St  and  leave  stopcock  Sb  open  to  the 
water  reservoir. 

Introduce  the  sample  through  the  Ascarite 
scrubber,  and  by  manipulating  stopcock  S2  by¬ 
pass  the  condensing  flask  for  a  few'  moments  to 
flush  the  tubing  through  stopcock  S3.  A  rate  of 
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passage  as  high  as  170  liters  (6  cubic  feet)  per  hour  as  indicated 
by  the  gas  meter  has  been  found  to  yield  good  results.  Open 
vent  <Si,  and  record  the  initial  reading  of  the  meter,  its  tempera¬ 
ture,  and  the  barometric  pressure.  Readjust  stopcock  S2,  close 
Si,  and  start  introduction  of  the  sample  into  the  flask.  Add 
pieces  of  dry  ice  as  required  to  the  condensing  bath  to  maintain 
its  temperature  at  about  —  60°  C.  If  the  sample  is  completely 
retained  in  the  condensing  flask,  the  meter  will,  of  course,  indi¬ 
cate  no  gas  passage.  If  uncondensed  gases  are  present,  take  a 
sample  for  gravity  determination  after  about  0.2  cu.  foot  (5663 
cc.)  have  by-passed  the  sampling  pipet-  and  assured  purging  of 
air,  etc.  For  a  truly  representative  sample,  small  portions 
should  be  drawn  over  the  entire  collecting  period  after  purging, 
but  for  most  purposes  the  sample  may  all  be  collected  at  one 
time.  Regulate  stopcocks  S3  and  <S4,  so  that  substantially 
atmospheric  pressure  is  indicated  on  the  manometer  with  which 
the  gas  meter  is  equipped.  When  approximately  1  liter  of  gas 
has  been  collected,  detach  sampling  pipet  and  determine  the 
specific  gravity  of  the  gas  against  air. 

When  sufficient  sample  has  been  taken,  stop  its  flow,  detach 
the  condensing  flask,  and  weigh  rapidly  as  before.  In  most 
cases  a  400-gram  sample  is  adequate,  but  when  extremely  low 
concentrations  are  involved,  the  sample  should  be  increased. 
Record  the  new  weight  and  meter  reading. 


Gently  swirl  the  flask  and  set  it  on  a  cork  ring  in  a  good  hood 
for  evaporation  of  its  hydrocarbons.  Remove  the  one-hole 
plug  from  its  neck.  Pour  water  through  the  evaporation  trap 
shown  in  Figure  2,  drain  a  few  moments,  and  insert  in  the  neck 
of  the  flask.  Close  the  inlet  tube  of  the  condensing  flask  with 
a  short  piece  of  rubber  tubing  fitted  with  a  glass  plug  to  prevent 
ejecting  liquid  during  the  subsequent  evaporation  step. 

To  hasten  evaporation  carefully  immerse  the  flask  in  a  bath 
of  water  at  about  60 0  C.  Less  than  45  minutes  are  required  to 
evaporate  the  hydrocarbons.  Upon  evaporation  of  the  sample, 
add  50  ml.  of  water  to  the  flask  through  the  trap.  Remove  the 
trap  as  well  as  the  rubber  tubing  and  plug  from  the  inlet  tube. 
Rinse  down  the  coil  or  inlet  tube  of  the  flask  with  water,  add 
methyl  red  indicator  to  the  flask,  and  titrate  with  standard 
0.02  N  sodium  hydroxide.  Titrate  the  blank  in  a  like  manner. 

Calculations.  Noncondensed  Gas.  (The  calculation  for 
noncondensed  gas  is  generally  sufficient.  However,  to  be  strictly 
correct,  the  volume  of  noncondensed  gas,  V,  and  its  specific 
gravity,  G,  should  be  calculated  to  a  dry  basis.) 

Noncondensed  gas  (grams)  = 

V  X  28.32  X  G  X  1.223  X  288.6  X  P 

T  X  760 

where  V  =  cubic  feet  measured  at- meter 

G  =  specific  gravity  of  noncondensed  gas  (specific  gravity 
of  air  =  1.0000) 

T  =  average  meter  temperature,  degrees  absolute 


P  =  barometric  pressure,  mm.  of  mercury 

28.32  =  liters  per  cubic  foot 

1.223  =  weight  in  grams  of  1  liter  of  air  at  15.6°  C.  and  76 
mm.  of  mercury 

This  may  be  simplified  to: 

Noncondensed  gas  (grams)  =  — X  G  X  P 

Per  Cent  Basic  Nitrogen. 

%  basic  nitrogen  (calcd.  as  NH3)  =  ~  B)  X  N  X  1.7 

grams  of  sample 

where  A  =  ml.  of  sodium  hydroxide  required  to  titrate  the  blank 
B  =  ml.  of  sodium  hydroxide  required  to  titrate  th< 
sample 

N  =  normality  of  sodium  hydroxide 
Grams  of  sample  =  grams  of  noncondensed  gas  plus 
grams  of  condensed  gas 

DISCUSSION 

The  accuracy  of  this  method  is  indicated  by  the  typical  values 
shown  in  Table  I.  Concentrations  of  ammonia  or  amine  as  lov 
as  0.000015%  and  as  high  as  0.008%,  calculated  as  ammonia 
have  been  successfully  determined.  It  is  apparent  that  as  th< 
concentration  decreases  to  a  minimum,  a  small  titration  erroi 
will  contribute  to  a  large  percentage  error. 

Ammonia,  methylamine,  dimethylamine,  trimethylamine 
ethylamine,  isopropylamine,  and  methylethylamine,  ranging  ir 
boiling  points  from  -33°  to  +35°  C.,  were  all  used  to  prepare 
known  samples  for  analysis.  The  quality  of  the  results  was  un¬ 
affected  by  the  nature  of  the  base  employed. 

In  preparing  the  samples,  ammonia  and  methylamine  were 
measured  gasometrically  in  small  sample  pipets  under  con¬ 
trolled  conditions  of  temperature  and  pressure,  and  then  flushed 
out  of  the  measuring  pipets  with  the  hydrocarbon  gas  concerned. 

Samples  containing  the  other  nitrogen  bases  were  prepared  by 
adding  standard  alcoholic  or  pentane  solutions  of  the  base  to 
liquefied  hydrocarbons. 

Acetone  is  used  to  dilute  the  aqueous  4  N  sulfuric  acid.  The 
initial  dilution  is  made  with  water  because  it  is  expected  that 


Table  I.  Typical  Data  Obtained  with  This  Method 


Base  Calculated  as 
Ammonia,  % 


Blending  Gasa 

Base  Taken 

Taken 

Found 

A 

Ammonia 

0.00123 

0.00123 

B 

Ammonia 

0.00022 

0.00022 

B 

Ammonia 

0.00127 

0.00129 

C 

Ammonia 

0.00125 

0.00127 

C 

Methylamine 

0.00097 

0.00097 

D 

Methylamine 

0.00147 

0.00147 

E 

Methylamine 

0.000016 

0.000024 

E 

Methylamine 

0.00120 

0.00120 

E 

Ethylamine 

0.000137 

0.000137 

F 

Ammonia 

0.00073 

0.00074 

F 

Ammonia 

0.00004 

0.00004 

G 

Ammonia 

0.00003 

0.00004 

G 

Ammonia 

0.00223 

0.00227 

a  Composition  of  blending  gases  shown  in  Table  II. 


Table  II. 

Composition  of  Blending  Gases 

Methane 

Ethane 

Iso- 

Propane  butane 

Per  cent  by  volume 

n-Butane 

Heavier 

12. 4 

37.  1 
8.4 
14.6 

100 

49.0 

44.5  0.5 

41.0  1.9 

i.’5 

45.8 

42.5 

100 

0.' 8 

Ethylene 

1-Butylene 

Propyl-  n-  Iso-  Iso- 

ene  Butane  butane  butylene 

Iso¬ 

pentane 

1,3- 

Buta  liene 

1.6 

3.3 

69.7  22.9 

53.5 

2.5 

46. 5 
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neutralization  reactions  will  proceed  with  greatest  ease  in  the 
presence  of  water.  Acetone  Is  used,  because  it  is  a  solvent  for 
both  liquefied  hydrocarbons  and  water,  apparently  has  no  effect 
upon  the  standard  acid,  and  lowers  the  freezing  point  of  the  solu¬ 
tion  to  below  —60°  C.  The  titer  of  0.02  N  sulfuric  acid  in  acetone 
dropped  less  than  1  %  in  144  hours.  Other  solvents,  ketones  and 
alcohols,  were  not  so  satisfactory  for  one  or  more  reasons  involv¬ 
ing  high  freezing  point,  poor  miscibility,  or  instability  of  the  titer 
of  the  standard  acid  prepared  with  them. 

It  was  found  that  samples  cannot  be  kept  or  weighed  in  iron 
containers,  though  free  of  brass  valves  and  fittings,  since  reaction 
or  adsorption  occurs,  reducing  the  base  content  of  the  hydro¬ 
carbon.  Solutions  of  ammonia  in  n-butane,  kept  in  iron  cylinders, 
changed  from  an  initially  determined  value  of  0.00081  %  to  lower 
and  lower  values  until  after  16  hours’  storage  only  0.0001%  re¬ 
mained.  Solutions  of  methylamine  in  n-butane,  similarly  stored, 
changed  from  0.00149  to  0.00103%  in  16  hours.  Similar  solutions 


prepared  with  these  bases,  as  well  as  with  bases  up  to  and  in¬ 
cluding  isopropylamine,  but  in  pressure  glass  tubing,  retained 
their  initial  concentrations  after  storage,  demonstrating  that  loss 
of  base  was  not  due  to  reaction  between  it  and  the  hydrocarbon 
solvent.  The  Florence  flask,  equipped  with  condensing  coil, 
eliminates  the  need  for  metal  sample  containers. 

ACKNOWLEDGMENT 

The  authors  express  their  sincere  appreciation  to  S.  M.  Garrison 
for  her  valuable  assistance  in  the  preparation  of  the  manuscript. 

LITERATURE  CITED 

(1)  Levin,  Uhrig,  and  Roberts,  Ind.  Eng.  Chem.,  Anal.  Ed.,  17,  212 

(1945). 

(2)  Uhrig,  Roberts,  and  Levin,  Ibid.,  17,  31  (1945). 

Presented  before  the  Division  of  Petroleum  Chemistry  at  the  108th  Meet¬ 
ing  of  the  American  Chemical  Society,  New  York,  N.  Y. 


Use  of  High-Frequency  Oscillators  in 
Titrations  and  Analyses 

FRED  W.  JENSEN  and  A.  L.  PARRACK 
Agricultural  and  Mechanical  College  of  Texas,  College  Station,  Texas 


Energy  absorption  from  high-frequency  fields  forms  the  basis  for  a 
new  method  of  conductometric  analyses.  Distinct  advantages  are 
that  this  method  eliminates  the  use  of  electrodes,  and  that  values 
may  be  read  directly  on  a  meter.  It  is  very  flexible  and  highly 
sensitive.  Any  changes  in  ionic  or  dipole  content  in  ionized  or 
un-ionized  solutions  may  be  followed.  The  electrical  circuit  is  de¬ 
scribed  and  a  variety  of  types  of  titrations  are  presented. 

ELECTRICAL  methods  for  titrations  and  analyses  are 
generally  limited  in  their  scope  and  application  by  the 
necessity  of  using  electrodes  of  various  types.  Galvanic 
methods  usually  are  restricted  to  ionized  solutions  and  ordinarily 
are  not  usable  in  organic  liquids,  particularly  if  the  organic 
liquid  is  a  very  poor  ionizing  medium.  Conductometric  meth¬ 
ods  have  a  wide  field  of  application  but  frequent  readjustments 
are  usually  required.  By  using  the  field  of  a  high-frequency 
oscillator  it  is  possible  to  produce  ionic  or  dipole  motion  without 
the  introduction  of  electrodes.  The  energy  required  to  produce 
this  motion  causes  a  change  in  the  oscillator  current  which  is 
easily  measured.  Thus  when  an  oscillator  is  loaded  by  the  intro¬ 
duction  of  a  liquid  or  a  solution  into  its  tank  circuit,  its  charac¬ 
teristics  are  altered.  Chiefly  three  factors  govern  the  magnitude 
of  the  loading:  the  type  and  circuit  constants  of  the  oscillator, 
the  volume  of  the  solution  and  its  location  within  the  tank  cir¬ 
cuit,  and  the  conductance  of  the  solution  due  to  its  ionic  or 
dipole  concentration.  The  changes  in  conductance  during  a  re¬ 
action  cause  variations  in  loading,  whereby  the  course  of  the 
reaction  can  be  followed. 

Oscillators  differ  widely  in  the  manner  in  which  they  load.  In 
Figure  1  are  shown  types  of  loading  curves  which  can  be  obtained 
from  various  oscillators  or  even  from  the  same  oscillator  by 
changing  its  frequency  or  its  circuit  constants.  Conditions  which 
produce  linear  curves  of  steep  slope  are  desirable,  since  oscillators 
producing  such  curves  show  high  and  uniform  sensitivity 
throughout  their  loading  range.  However,  oscillators  with 
such  high  sensitivity  also  load  out  of  oscillation  readily.  There¬ 
fore  provision  for  restoring  oscillation  is  highly  .essential.  A 
study  of  the  characteristics  of  various  types  of  oscillators  (5)  in¬ 
dicated  that  the  tuned-plate  tuned-grid  oscillator  was  the  most 
adaptable  to  analytical  work,  since  it  could  be  made  highly  sen- 


LOADING 

Figure  1.  Typical  Loading  Curves 


sitive  and  yet  maintain  reasonable  stability,  and  could  be  readily 
brought  back  into  oscillation  when  necessary. 

ELECTRICAL  CIRCUIT 

In  Figure  2  is  shown  the  electrical  circuit  of  a  tuned-plate 
tuned-grid  oscillator  with  a  sensitive  metering  system  in  the 
positive  power-supply  lead.  A  regulated  power  source  furnishes 
high  voltage.  Oscillations  occur  when  the  two  tank  circuits, 
LiCi  and  L2C\,  are  resonant  at  approximately  the  same  fre¬ 
quency.  The  condenser,  C1}  is  the  primary  factor  in  determining 
the  frequency  of  oscillation,  while  condenser  C2  controls  the  ex¬ 
citation  to  the  grid  of  tube  A.  Any  triode  vacuum  tube  having 
good  oscillating  characteristics  may  be  used.  Current  flowing 
through  resistance  Ri  produces  the  grid-bias  voltage.  The 
trimmer  condenser,  Cs,  by-passes  high-frequency  energy  around 
Ri  and  is  adjusted  to  give  maximum  sensitivity  to  loading  in  the 
plate  tank  circuit.  Introduction  of  the  glass  tube,  T,  containing 
the  solution  into  coil  L\  accomplishes  the  loading.  Condensers 
Ct  to  C9,  inclusive,  and  choke  coil  L,  reduce  stray  high-frequency 
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currents  and  eliminate  body-capacity  effects,  thus  stabilizing  the 
circuit. 

The  oscillator  current  is  read  on  milliammeter  M3,  which  also 
assists  in  determining  the  manner  in  which  the  circuit  goes  in 
or  out  of  oscillation.  By  adjustment  of  resistance  R4  in  the 
series  R3-R4-Rh  the  voltage  across  resistance  R2  can  be  balanced 
by  an  equal  and  opposite  voltage  across  R 3  and  a  portion  of  R>. 


CAPACITY 

Figure  3.  Variation  of  Oscillator  Current  with 
Tuning  of  Ci 


and  extends  well  below  the  liquid  level  inside  the  tube.  The 
length  of  this  shield  is  determined  experimentally  and  is  ad¬ 
justed  so  that  changes  in  the  liquid  volume  during  analysis  will 
have  no  effect  upon  the  loading. 

The  choice  of  frequency  is  not  critical,  except  that  an  oscillator 
of  a  given  design  may  have  maximum  sensitivity  at  a  certain 
frequency.  Frequencies  in  the  range  of  15  to  20  megacycles  give 
satisfactory  results.  At  higher  frequencies  the  control  of  stray 
currents  is  more  difficult,  while  coils  and  condensers  tend  to  be¬ 
come  excessively  large  at  lower  frequencies.  Figure  3  illustrates 
the  manner  in  which  a  tuned-plate  tuned-grid  oscillator  responds 
to  tuning  by  CV  The  circuit  is  in  oscillation  only  when  the  two 
tank  circuits  are  resonant  at  approximately  the  same  frequency. 
Increase  in  loading  during  titration  causes  a  change  in  the  im¬ 
pedance  and  in  the  resonant  frequency  of  the  plate  tank  circuit. 
However,  its  original  resonant  frequency  can  be  restored  by 
changing  the  capacitance  in  the  plate  tank  circuit.  Thus,  with 
Ci  set  to  give  good  loading  characteristics  as  at  A,  a  sufficient 


With  the  protective  shunt,  Re,  in  the  circuit  and  with  switch  S, 
closed,  the  microammeter,  Mh  shows  the  approximate  state  ot 
balance.  Closer  adjustment  of  R4  then  permits  removal  of  Rf 
from  the  circuit.  Reversing  switches  Si  and  S2  serves  to  in¬ 
crease  the  range  of  microammeters  Mi  and  M2  without  reducing 
sensitmty.  Thus,  if  Mx  and  M2  have  ranges  of  0  to  200  and  0 
to  oO  microamperes,  it  is  possible  to  read  over  a  range  of  400  mi¬ 
croamperes  without  resetting,  and  still  maintain  an  accuracy  in 
reading  of  0.2  microampere.  The  values  of  the  various  circuit 
constants  are  not  highly  critical.  The  following  will  give  good 


Ri.  Resistance,  40,000  ohms 

Ri.  Resistance,  1,000  ohms 

R3,  Rs.  Resistance,  10,000  ohms 

n4'  ^ire-wound  potentiometer,  10,000  ohms 

Ci,  C2  Variable  condenser,  100  micromicrofarads 

C3.  Adjustable  mica  condenser,  100  micromicrofarads  . 

C4  ,9.  Mica  condenser,  0.01  microfarad 
4r  ^2-  -Double-pole  double-throw  anticapacity  switch 
.Mi.  Microammeter,  0  to  200  microamperes 
Microammeter,  0  to  50  microamperes 
a/3.  Milliammeter,  0  to  150  milliamperes 

Lx,  U.  Coil,  4  turns  of  No.  6  copper  wire,  spaced  1.5  inches; 

coil  diameter,  2.25  inches 
L3.  Radio  frequency  choke,  2.5  millihenries 
A.  Vacuum  tube,  type  801 


High  sensitivity  is  obtainable  by  increasing  the  size  of  R2  up  to 
certain  limits,  or  by  adjusting  C2  and  C3  to  such  values  that  tun¬ 
ing  with  Ci  causes  the  circuit  to  go  in  or  out  of  oscillation  with 
extreme  rapidity.  As  sensitivity  is  increased  a  slow  drift  in  the 
meter  reading  frequently  becomes  apparent.  Good  shielding 
and  grounding  are  essential.  The  shield  around  T  fits  snugly 


VOLUME  IN  CC. 

Figure  4.  Titration  of  Hydrochloric  Acid  with  Sodium  Hydroxide 
A.  High-frequency  method.  B.  Conductance  method 
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Figure  5.  Titration  of  o-Phthalic  Acid  in  Acetone  with  Sodium 
Methylate  in  Methanol 

A,  High-frequency  method.  B .  Conductance  method 

increase  in  loading  during  titration  may  cause  the  circuit  to  go 
out  of  oscillation  as  at  B.  Then  by  simply  retuning  with  C i, 
the  circuit  can  readily  be  brought  back  into  oscillation.  Since 
the  two  loading  curves  shown  on  Figure  3  are  nearly  parallel  up 
to  the  point  where  the  circuit  begins  to  go  out  of  oscillation,  the 
slopes  of  the  titration  curves  are  not  materially  changed  by  re¬ 
tuning  with  Ci  in  this  manner,  particularly  if  the  retuning  is 
done  before  the  circuit  goes  out  of  oscillation.  In  actual  prac¬ 
tice  Ci  can  be  very  conveniently  used  as  a  means  of  resetting 
when  the  current  increases  or  decreases  beyond  the  range  of  the 
microammeters.  Minor  adjustments  can  be  made  with  R4.  With 
this  technique  no  observable  changes  in  the  slopes  of  the  titration 
curves  are  produced  by  resetting. 

TYPICAL  ANALYSES 

In  carrying  out  a  titration  the  solution  in  tube  T  is  suspended 
within  coil  L{  and  the  motor  stirrer  is  started.  By  means  of  Ci, 
and  also  C3  if  necessary,  the  circuit  is  adjusted  so  that  it  goes  into 
and  out  of  oscillation  with  the  desired  sensitivity  as  observed 
on  M3.  Balance  on  meters  Mi  and  M2  is  obtained  by  adjust¬ 
ment  of  Rt.  If  the  temperature  of  the  solution  differs  from  that 
of  the  interior  of  the  system,  a  slow  drift  of  the  meter  needle  is 
apparent  until  thermal  equilibrium  is  reached.  Ordinarily  this 
effect  can  be  neglected  in  titration. 

In  the  various  types  of  titrations,  illustrated  in  Figures  4  to  9, 
25  cc.  of  solution  in  the  order  of  0.1  N  were  diluted  with  100  cc. 
of  water  and  were  titrated  with  solutions  also  in  the  order  of 
0.1  N.  End  points  appear  as  changes  in  the  slopes  of  the  curves. 
If  the  disappearing  ion  has  a  higher  conductance  than  the  ion 
replacing  it,  the  excess  of  the  titrating  agent  beyond  the  end 
point  produces  a  reversal  in  the  curve.  Comparison  is  made  be¬ 
tween  this  method  and  the  usual  conductance  method  on  Figures 
4  and  5.  The  scale  for  the  microampere  ordinate  is  greatly  re¬ 
duced  for  comparison  purposes.  In  cases  such  as  the  titration  of 
acidified  ferrous  ammonium  sulfate  solution  with  potassium 
permanganate  solution,  addition  of  the  titrating  agent  beyond 
the  end  point  actually  dilutes  the  solution  and  lowers  its  conduct¬ 


ance,  since  the  solution  contains  a  relatively  high  concentration 
of  sulfuric  acid.  Thus  as  seen  from  curve  A  on  Figure  8,  the  end 
point  appears  but  no  reversal  takes  place.  If,  however,  the  con¬ 
ductance  of  the  potassium  permanganate  solution  is  increased 
by  the  addition  of  inert  potassium  sulfate,  the  typical  reversal 
occurs  at  the  end  point  as  shown  by  curve  B.  Jander  and  his 
co-workers  ( 1 ,  3,  4),  in  their  work  on  conductometric  titrations 
in  solutions  of  high  foreign  salt  content,  add  the  concentrated 
titrating  agent  from  a  specially  constructed  microburet  in  order 
to  avoid  large  volume  changes.  However,  the  sensitivity  of  the 
high-frequency  method  is  sufficiently  great,  so  that  adding  rela¬ 
tively  large  amounts  of  inert  salt  with  the  titrating  agent  does 
not  destroy  its  accuracy. 

Titrations  in  organic  solvents  or  mixtures  of  organic  solvents 
frequently  present  interesting  problems.  Since  the  degree  of 
ionization  is  usually  low,  loading  due  to  rotation  of  dipoles  may 
constitute  an  appreciable  part  of  the  total  effect.  Furthermore, 
if  the  titration  involves  more  than  one  solvent,  changes  in  the 


Figure  6.  Titration  of  Sodium  Carbonate  with  Hydro¬ 
chloric  Acid  (A)  and  of  Potassium  Chloride  with  Silver 
Nitrate  (8) 


degree  of  ionization  and  in  the  dipole  content  during  titration 
materially  affect  the  slope  of  the  curve.  The  end  point  on  curve 
B,  Figure  9,  is  completely  masked,  owing  to  the  increase  in  the 
number  of  methanol  molecules  which  are  more  polar  than  the 
acetone  molecules,  and  the  increase  in  the  solubility  and  the 
degree  of  ionization  of  the  sodium  benzoate  as  methanol  pro¬ 
gressively  enters  the  solution.  When  the  sodium  methylate  is 
made  up  in  benzene  with  only  sufficient  methanol  to  maintain 
solubility,  a  sharp  end  point  is  obtained  as  seen  by  curve  C.  Ini¬ 
tially,  conductance  increases  until  the  limit  of  solubility  of  the 
sodium  benzoate  is  reached,  and  thereafter  decreases  because  of 
the  removal  of  benzoic  acid  as  insoluble  sodium  benzoate.  This 
suggests  a  possible  method  for  the  determination  of  solubilities. 

Results  of  these  titrations  are  listed  in  Table  I.  The  known 
end  point  values  are  those  obtained  by  standard  volumetric 
methods  or  calculated  from  the  known  strengths  of  the  solutions. 
The  observed  end  point  values  are  obtained  by  use  of  the  oscilla¬ 
tor. 
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Table  I.  Comparison  of  Known  and  Observed  Values 


Substance 

Titrating 

Known 

End 

Point, 

Observed 

End 

Point, 

Titrated 

Agent 

Cc. 

Cc. 

H3PO1 

NaOH 

25.25 

12.66 

Na2CC>3 

HC1 

12.20 

25.20 

37.87 

12.18 

FeS04(NH4)2S0< 

KMnOt 

25.00 

24.40 

24.98 

FeSO-dNHPsSOi 

KMnCb-KLSCU 

25.04 

25.03 

Na2C204 

KMnOi-KjSOi 

25.13 

25.10 

KC1 

AgNOs 

24.92 

24.90 

C«HsCOOH 
in  acetone 

CH3ONa 
in  benzene 

23.98 

24.00 

HC1 

Na2C03 

25.50 

25.50 

C6H4(COOH)2in 

C II3O  N  a  in 

12.00 

acetone 

MeOH 

24.00 

24.00 

t rating  agent  at  the  equivalence  point.  FT  is  used  as  Ks(Vl  +  V2)‘- 
where  V2  is  the  volume  of  the  solution  before  titration.  The 
term  (x  —  K/x)  represents  the  amount  of  chloride  ion  for  which 
no  silver  ion  has  been  added.  A  close  approximation  of  the  con¬ 
ductance  of  the  solution  at  any  time  prior  to  the  equivalence 
point  is  shown  by  Equation  1. 


Conductance  = 

XkUVF,  +  Xcr  a;  +  XAg+  ~  +  XN0,-  [vFx  -  (s  - 


(1) 


If  the  derivative  is  taken  and  equated  to  zero,  the  quadratic 
Equation  2  results. 


VOLUME  IN  CC. 

Figure  7.  Titration  on  Phosphoric  Acid 
with  Sodium  Hydroxide  (A)  and  of 
Hydrochloric  Acid  with  Sodium  Car¬ 
bonate  ( B ) 


DILUTE  SOLUTIONS 

Adjustment  of  C2  and  C3  and  tuning  with  C\  can  cause  the  cir¬ 
cuit  to  go  in  or  out  of  oscillation  with  such  extreme  rapidity  that 
even  slight  changes  in  conductance  produce  relatively  large 
changes  in  the  oscillator  current.’  Curve  A,  Figure  10,  shows 
the  titration  of  25.00  cc.  of  0.01000  N  potassium  chloride  solu¬ 
tion,  diluted- to  300  cc.,  with  0.01000  N  silver  nitrate  solution. 
The  minimum  conductance  point  at  23.90  cc.  does  not  coincide 
with  the  true  equivalence  point  of  25.00  cc.  for  several  reasons. 
The  silver  chloride  becomes  more  soluble  as  the  equivalence 
point  is  approached  and  dilution  of  ions  takes  place  as  titration 
proceeds.  However,  a  simple  approximate  correction  can  be 
made  in  the  following  manner: 

If  a:  is  the  number  of  gram-ions  of  chloride  ion  present  at  any 
time,  then  K/x,  N V ,,  and  NV\  —  ( x  —  K/x )  are  the  amounts  of 
silver,  potassium,  and  nitrate  ions,  respectively,  where  N  is  the 
normality  of  the  titrating  agent,  and  Vi  is  the  volume  of  the  ti- 


[Fi(Xk+  +  Xci-)  +  F2(XCi-  -  XNo3-)]x2  +  J^2(XAg+  +  XKor)f 


x  ~  C^i  +  F2)(XAg+  +  Xno t~)K  =  C  (2) 


In  the  solution  of  this  equation  coefficient  b  is  very  small  in 
comparison  to  >f — 4  ac  and  therefore  at  minimum  conductance: 


x  =  y/ —c/a 


or 


x 


(!i  +  V2)3  (XAg+  +  XNp 3~)Ks 

i(Xk+  +  Xcl-)  +  V,(Xci-  —  XNo3-) 


(3) 


(4) 


A.  Titration  of  0.1  IV  ferrous  ammonium  sulfate  with 

0.1  IV  potassium  permanganate 

B.  Titration  of  0.1  N  ferrous  ammonium  sulfate  with 

0.1  N  potassium  permanganate  and  0.4  N  potassium 
sulfate 

C.  Titration  of  0.1  N  sodium  oxalate  with  0.1  IV  potas¬ 

sium  permanganate  and  0.5  IV  potassium  sulfate 
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Figure  9.  Titration  of  Benzoic  Acid  in 
Acetone 


Figure  10.  Titrations  in  Dilute  Solutions 

A.  0.01  N  potassium  chloride  with  silver  nitrate 

B.  0.01  N  potassium  chloride  with  silver  acetate 

C.  0.001  N  hydrochloric  acid  with  sodium 

hydroxide 


Figure  11  illustrates  another  type 
of  analysis  which  may  be  performed 
readily  by  this  method.  The  curve 
shows  the  variation  in  oscillator  cur¬ 
rent  as  the  concentration  of  hy¬ 
drogen  chloride  in  dry  benzene  is 
changed.  Since  a  change  in  hydro¬ 
gen  chloride  concentration  from  0  to 
0.275%  by  weight  produces  a  change 
of  100  microamperes,  it  is  possible 
to  read  a  change  in  hydrogen  chlo¬ 
ride  content  in  the  order  of  0.0006% 
by  weight. 

To  some  extent  temperature 
changes  affect  the  oscillator  current. 
With  an  increase  in  temperature  the 
ionic  conductances  become  greater, 
causing  an  increase  in  the  current. 
The  temperature  effect  on  the  dielec¬ 
tric  constant  causes  a  change  in  the 
opposite  direction. 

In  addition  to  titrations,  this 
simplified  conductance  method  can 
be  applied  for  following  reaction 
rates,  control  work,  etc.  Wherever 
changes  in  ionic  or  dipole  conduc¬ 
tances  occur,  they  may  be  readily 
observed  by  this  means. 


A,  B.  With  sodium  methylate  in  methanol 
C.  With  sodium  methylate  in  benzene 


Maclnnes,  Shedlovsky,  and  Longsworth  (6)  give  the  ionic 
conductances  at  25°  C.  of  potassium,  chloride,  silver,  and  nitrate 
ions  at  73.50,  76.32,  61.90,  and  71.42  reciprocal  ohms,  respec¬ 
tively.  The  value  of  Ks  for  silver  chloride  is  calculated  as 
1.7  X  10~10  from  its  solubility  ( 2 )  at  25°  C.  Using  these  values 
in  Equation  4  and  replacing  Vi  by  its  approximate  equivalent 
of  0.0239  liter  (the  volume  at  minimum  conductance),  the 
amount  of  chloride  ion  at  minimum  conductance  is  1.24  X  10-6 
gram-ion.  /f/xisO.15  X  10-6  gram-ion  and  (x  —  K/x)  is  1.09  X 
10-5  gram-ion.  This  is  equivalent  to  1.09  cc.  of  0.01000  N 
silver  nitrate  solution.  Addition  of  this  correction  to  the  23.90 
cc.  gives  an  end  point  of  24.99  cc. 

In  Equation  4  the  term  (ACi~  —  Xno3")  appearing  in  the  de¬ 
nominator  represents  the  difference  in  the  ionic  conductances 
between  the  disappearing  ion  and  the  ion  replacing  it.  If  in¬ 
stead  of  the  nitrate  ion,  the  acetate  ion,  which  has  a  conductance 
40.87  reciprocal  ohms  ( 6 ),  is  used,  this  difference  becomes 
greater,  thereby  decreasing  the  value  of  x.  On  curve  B,  Figure 
10,  the  minimum  conductance  point  is  much  sharper  and  ap¬ 
pears  at  24.68  cc.  when  silver  acetate  is  used.  Calculating  the 
correction  from  Equation  4  but  replacing  the  ionic  conductance 
of  the  nitrate  ion  with  that  of  the  acetate  ion,  the  end  point  is 
found  as  25.05  cc. 

It  can  be  seen  in  Equation  4  that  small  values  of  Ks,  as  well  as 
large  differences  in  conductance  between  the  disappearing  ion 
and  the  ion  replacing  it,  will  produce  small  corrections.  In 
acid-base  titrations  the  hydrogen  ion  with  a  conductance  of 
349.72  reciprocal  ohms  ( 6 )  disappears  and  is  replaced  by  a  posi¬ 
tive  ion  of  much  lower  conductance.  Also,  since  the  ion  prod¬ 
uct  constant  is  1.0  X  10~ 1(,  the  corrections  will  become  very 
small  or  negligible.  As  shown  on  curve  C,  Figure  10,  the  titra¬ 
tion  of  25.00  cc.  of  0.000996  N  hydrochloric  acid  solution  in  300 
cc.  of  redistilled  water  with  0.001003  N  sodium  hydroxide  solu¬ 
tion  produces  a  minimum  conductance  point  at  24.80  cc.  The 
known  end  point  is  24.83  cc.  The  correction  of  0.003  cc.  is 
negligible.  The  change  in  the  slope  of  the  curve  at  32  cc.  is  due 
to  titration  of  carbon  dioxide  which  has  dissolved  during  titra¬ 
tion.  Its  position  varies  with  the  time  used  for  titration. 

Cases  may  occur  in  which  the  disappearing  ion  has  a  lower 
conductance  than  the  replacing  ion.  Then,  since  the  curve  has  a 
positive  slope  throughout,  no  minimum  point  is  produced  and 
Equation  4  does  not  apply.  However,  the  excess  of  titrating 
agent  entering  the  solution  as  the  end  point  is  passed  causes  a 
break  in  the  curve  and  no  correction  is  necessary. 


Figure  11.  Determination  of  Hydrogen  Chloride  in 
Benzene 
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Chromatography  in  the  Separation  and  Determination 

of  the  Basic  Amino  Acids 

M.  S.  BERGDOLL  and  D.  M.  DOTY 

Department  of  Agricultural  Chemistry,  Purdue  University  Agricultural  Experiment  Station,  Lafayette,  Ind. 


The  individual  basic  amino  acids  were  separated  chromatographically 
from  amino  acid  mixtures  and  protein  hydrolyzates  by  a  single  ad¬ 
sorption  on  Lloyd's  reagent.  Lysine  was  determined  by  a  modi¬ 
fication  of  the  ninhydrin  colorimetric  reaction,  histidine  by  Pauly’s 
diazo  reaction,  and  arginine  by  the  Sakaguchi  reaction.  The  method 
is  simple,  rapid,  and  reliable. 

THE  present  chemical  methods  for  the  determination  of  the 
basic  amino  acids,  particularly  lysine,  are  time-consuming 
and  not  entirely  specific.  Previous  investigators  (1,  2,  6,  7, 12, 15) 
have  shown  that  it  is  possible  to  separate  chromatographically  the 
basic  amino  acids  from  the  nonbasic  ones  and  then  separate  the 
individual  basic  amino  acids  by  subsequent  adsorption  and  elu¬ 
tion  procedures.  Very  little  work  was  done  with  protein  hydroly¬ 
zates,  but  the  results  indicated  that  chromatography  could  be 
applied  successfully  to  them. 

The  purpose  of  this  investigation  was  to  find,  if  possible,  a 
chromatographic  method  for  complete  separation  of  the  basic 
ammo  acids,  particularly  lysine,  from  known  mixtures  of  amino 
acids  and  from  protein  hydrolyzates.  Ideally  such  a  method 
should  require  only  one  adsorption.  Simple  methods  should  be 
used  for  the  determination  of  lysine,  histidine,  and  arginine 
after  their  separation. 

In  this  investigation  the  individual  basic  amino  acids  were  sep¬ 
arated  from  known  mixtures  of  amino  acids  and  protein  hydroly¬ 
zates  by  a  single  adsorption  on  Lloyd’s  reagent.  Lysine  was  de¬ 
termined  by  a  new  modification  of  the  ninhydrin  colorimetric 
reaction,  histidine  by  Pauly’s  diazo  reaction,  and  arginine  by  the 
Sakaguchi  reaction. 

GENERAL  CONSIDERATIONS 

Adsorption  columns  were  prepared  with  Lloyd’s  reagent  and  the 
filter  aid,  Hyflo  Super-Cel,  in  19-mm.  tubes.  Lloyd’s  reagent  was 
selected  because  Ackermann  and  Fuchs  (1)  had  shown  that  it 
completely  adsorbed  the  basic  amino  acids.  Quantities  of  12  to 
20  grams  of  the  adsorbent  mixture  (one-third  Lloyd’s  reagent  by 
weight)  were  used. 

The  basic  amino  acids  were  adsorbed  on  the  columns  from  wa¬ 
ter  or  from  1%  hydrochloric  acid  solutions  of  their  hydrochlo¬ 
rides.  The  interchanging  of  water  and  1%  hydrochloric  acid  as 
solvents  had  little  effect  on  the  adsorption  characteristics  of  the 
basic  amino  acids  if  the  amount  used  for  each  adsorption  were 
less  than  20  ml.  Samples  of  1  to  8  mg.  of  lysine  and  histidine  and 
2  to  16  mg.  of  arginine  were  used  for  each  adsorption.  The  larger 
amounts  of  arginine  were  used  because  many  proteins  contain 
larger  quantities  of  arginine  than  of  lysine  and  histidine. 

The  amino  acid  mixtures  were  adsorbed  from  1  %  hydrochloric 
acid,  solutions.  A  representative  mixture  was:  20  mg.  of  dl- 
alanine,  25  mg.  of  dZ-aspartic  acid,  20  mg.  of  Z  (  — )-cystine,  25  mg. 
of  l  (-f)-glutamic  acid,  30  mg.  of  glycine,  20  mg.  of  dZ-isoleucine, 
20  mg.  of  dZ-leucine,  10  mg.  of  cZZ-methionine,  20  mg.  of  dZ-norleu- 
cine,  20  mg.  of  dZ-phenylalanine,  20  mg.  of  dZ-threonine,  20  mg.  of 
Z  (— )-tryptophane,  50  mg.  of  Z  (  — )-tryosine,  20  mg.  of  dZ-valine, 

8  mg.  of  Z  (-f)-arginine,  4  mg.  of  Z  (  —  ) -histidine,  4  mg.  of  Z  (+)- 
lysine,  and  100  mg.  of  ammonium  chloride,  per  10  ml.  of  solution. 

QUALITATIVE  STUDIES  ON  AMINO  ACID  ADSORPTION 

Although  the  adsorption  and  elution  characteristics  of  many 
compounds  are  affected  by  the  presence  of  similar  compounds, 
the  basic  amino  acids  behaved  the  same  under  identical  condi¬ 
tions  of  adsorption  and  elution  either  alone  or  in  amino  acid  mix¬ 
tures.  Thus,  when  conditions  for  a  separation  method  for  the 


basic  amino  acids  were  established,  tests  for  the  beginning  and 
ending  of  their  elution  were  not  necessary. 

The  adsorption  and  elution  characteristics  of  histidine  and  ar¬ 
ginine  were  relatively  easy  to  observe  by  the  specific  Pauly 
diazo  reaction  for  histidine  and  Sakaguchi  reaction  for  arginine. 
The  behavior  of  lysine  and  each  of  the  nonbasic  amino  acids  was 
determined  by  the  nonspecific  ninhydrin  colorimetric  reaction. 

Preliminary  adsorption  trials  showed  that  the  basic  amino 
acids,  particularly  histidine,  were  not  adsorbed  completely  by  the 
untreated  adsorbent  mixture.  Complete  adsorption  was  possible 
when  the  column  was  pretreated  with  solutions  of  hydrochloric, 
sulfuric,  or  acetic  acid. 

Preliminary  trials  with  amino  acid  mixtures,  prepared  as  stated 
above,  showed  that  all  the  amino  acids  were  adsorbed  when  the 
mixtures  were  passed  through  columns  of  Lloyd’s  reagent.  How¬ 
ever,  all  the  nonbasic  amino  acids  except  cystine  were  separated 
completely  from  the  basic  ones  by  developing  the  columns  with 
hydrochloric  acid.  Cystine  was  completely  separated  from  the 
basic  amino  acids  when  it  was  reduced  to  cysteine  before  chro¬ 
matographing,  by  addition  of  zinc  dust  to  the  amino  acid  solution 
acidified  with  hydrochloric  acid.  The  adsorption  and  elution 
characteristics  of  the  nonbasic  amino  acids  were  determined  by 
chromatographing  each  of  the  nonbasic  amino  acids  with  lysine. 

Many  possible  eluants  were  tested  for  their  effect  on  the  elution 
characteristics  of  lysine,  histidine,  and  arginine.  The  only  sol¬ 
vents  that  were  tried  in  this  investigation  were  water  and  solvents 
completely  miscible  with  water.  The  eluants  tested  may  be 
classified  as  follows:  strong  and  weak  bases,  strong  and  weak 
acids,  salts,  and  buffer  solutions. 

The  stronger  basic  compounds  such  as  sodium  hydroxide  could 
not  be  used  with  Lloyd’s  reagent  because  their  passage  through 
the  column  was  too  slow. 

Sodium  bicarbonate  proved  the  most  useful  of  the  weaker  basic 
compounds,  as  it  facilitated  complete  separation  of  histidine  from 
arginine  and  removed  most  of  the  histidine  before  elution  of  ly¬ 
sine  began. 

Of  the  acids  tested,  hydrochloric  acid  gave  the  only  useful  sep¬ 
aration.  It  eluted  lysine  completely  before  any  histidine  was 
removed  and  removed  much  of  the  histidine  before  elution  of  argi¬ 
nine  began.  However,  complete  separation  of  histidine  and 
arginine  was  not  possible. 

Salts  such  as  sodium  chloride  eluted  in  the  same  order  as  did 
hydrochloric  acid,  but  the  elutions  were  not  complete  nor  the 
separations  clear  cut. 

The  elution  powers  of  pyridine  were  so  general  that  it  was  use¬ 
ful  only  when  a  single  amino  acid  was  on  the  column  or  when 
group  elution  was  desirable. 

Of  the  solvents  miscible  with  water,  methanol  gave  an  unex¬ 
pected  elution.  Methanol  solutions  of  hydrochloric  acid  eluted 
arginine  before  lysine  and  histidine,  but  the  separation  was  not 
clear-cut. 

A  study  of  the  elution  properties  of  the  various  compounds 
tested  suggested  a  logical  separation  procedure.  Since  hydro¬ 
chloric  acid  gave  the  greatest  spread  among  lysine,  histidine,  and 
arginine,  and  removed  lysine  completely  before  removing  any 
histidine  or  arginine,  it  was  used  as  the  first  eluant.  Sodium 
bicarbonate  was  used  as  the  second  eluant  because  it  com¬ 
pletely  separated  histidine  from  arginine.  Arginine  was  re¬ 
moved  with  pyridine. 

PROCEDURE  FOR  QUANTITATIVE  SEPARATION  AND  DETERMINATION 
OF  BASIC  AMINO  ACIDS 

Make  the  amino  acid  solution,  10  ml.  of  which  contains  1  to  6 
mg.  of  lysine,  1  to  4  mg.  of  histidine,  and  1  to  8  mg.  of  arginine, 
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about  0.3  N  with  hydrochloric  acid,  add  30  to  50  mg.  of  zinc  dust 
for  each  10  ml.  of  solution,  heat  to  80°  C.,  and  cool. 

Insert  a  400  by  19  mm.  chromatographic  tube  into  the  top  of  a 
bell  jar  and  attach  the  bell  jar  to  a  vacuum  line  with  a  pressure  of 
30  to  40  mm.  of  mercury.  Push  a  small  wad  of  cotton  to  the  bot¬ 
tom  of  the  tube,  pour  20  grams  of  absorbent  mixture  (one-third 
Lloyd’s  reagent  and  two-thirds  Hyflo  Super-Cel  by  weight)  into 
the  tube,  tap  the  side  of  the  tube  to  pack  the  column,  and  place 
0.6  cm.  (0.25  inch)  of  Hyflo  Super-Cel  on  top  of  the  absorbent  in 
the  tube. 

Pass  the  following^  liquids  through  the  column  in  the  order 
given:  50  ml.  ol  1.7  N  hydrochloric  acid,  10  ml.  of  the  amino  acid 
solution,  180  ml.  of  0.5  N  hydrochloric  acid  (use  first  10  ml.  to 
rinse  the  amino  acid  solution  onto  the  absorbent),  200  ml.  of  1.0 
N  hydrochloric  acid,  150  ml.  of  0.125  M  sodium  bicarbonate,  100 
ml.  of  10%  pyridine  in  0.7  N  hydrochloric  acid,  and  40  ml.  of 
0.5  N  hydrochloric  acid.  Add  a  new  solution  just  as  the  last  of 
the  previous  solution  is  about  to  disappear  onto  the  absorbent. 

Cuts  were  made  when  80,  275,  480,  625,  and  730  ml.  of  eluant 
had  passed  into  the  absorbent.  The  first  fraction  wTas  discarded. 
The  second  fraction  contained  the  nonbasic  amino  acids  and  am¬ 
monia,  the  third  contained  lysine,  the  fourth  contained  histidine, 
and  the  fifth  contained  arginine. 

Run  a  blank  column,  in  which  0.3  N  hydrochloric  acid  treated 
with  zinc  replaces  the  amino  acid  solution,  for  each  set  of  deter¬ 
minations.  This  serves  as  a  reagent  blank  for  the  individual 
amino  acid  determinations. 


three  times  after  addition  of  W'ater  to  remove  the  hydrochloric 
acid.  One  milliliter  of  concentrated  hydrochloric  acid  was  added 
and  the  solutions  were  made  to  50  ml.  When  decolorizations 
were  made,  acid-  and  alkali-washed  Norit  was  used.  The  nucleic 
acid  used  in  the  experimental  work  was  treated  in  the  same  man¬ 
ner  as  the  proteins. 

RESULTS  AND  DISCUSSION 

Recoveries  of  lysine,  histidine,  and  arginine  adsorbed  from 
amino  acid  mixtures  were  excellent  (Table  I).  The  slightly  high 
recovery  of  lysine  may  have  been  due  either  to  lysine  impurities 
in  the  other  amino  acid  preparations  or  to  traces  of  nonbasic 
amino  acids  that  escaped  removal  before  elution  of  lysine  began. 

The  amounts  of  the  basic  amino  acids  found  in  several  proteins 
compare  fairly  well  in  most  cases  with  those  which  Block  (3) 
considers  “best  values”  (Table  II),  especially  since  different  prep- 
•  arations  of  the  same  protein  may  vary  somewhat  in  their  analysis. 
Since  the  lysine  values  were  higher  than  most  reported  values,  it 
is  possible  that  other  ninhydrin-color-producing  substances  were 
present  in  the  lysine  fraction.  To  check  this  possibility  the 
amounts  of  lysine  present  in  the  lysine  fractions  of  hydrolyzates 
from  several  proteins  were  determined  by  the  ninhydrin  colori¬ 
metric  method  and  by  amino  nitrogen  determinations  (Table  III). 


The  absorption  and  elution  procedure  requires  from  4  to  5 
hours. 

Since  each  basic  amino  acid  occurs  singly  in  a  separate  frac¬ 
tion,  it  should  be  possible  to  determine  each  one  by  any  reliable 
method.  In  this  investigation  the  following  procedures,  which 
have  been  applied  routinely  in  this  laboratory,  were  used. 

Neutralize  the  histidine  fraction  to  litmus  with  hydrochloric 
acid  and  make  to  volume.  Determine  the  histidine  quantita¬ 
tively  by  a  modification  of  Pauly’s  diazo  reaction  (9). 

Neutralize  the  arginine  fraction  to  litmus  with  sodium  hydrox¬ 
ide  and  make  to  volume.  Determine  the  arginine  quantitatively 
by  a  modification  of  Sakaguchi’s  reaction  (4)  (use  one  25-ml 
flask  in  place  of  the  three  10-ml.  flasks  called  for). 

Make  the  lysine  fraction  just  acid  to  phenolphthalein  with  so¬ 
dium  hydroxide.  Add  15  ml.  of  a  pH  7.4  buffer  solution  (50  ml. 
jf  0.4  M  potassium  dihydrogen  phosphate  and  4.1  ml.  of  1.0  N 
sodium  hydroxide  diluted  to  100  ml.)  and  make  the  solution  to 
volume.  Determine  lysine  quantitatively  by  the  authors’  modi¬ 
fication  of  the  ninhydrin  colorimetric  method:  Pipet  an  aliquot 
containing  0.02  to  0.10  mg.  of  lysine  into  a  25-ml.  flask  and  make 
to  3  ml.  with  the  blank  solution.  Add  1  ml.  of  the  ninhydrin  solu¬ 
tion  (5  mg.  of  triketohydrindene  hydrate,  0.4  mg.  of  sodium 
fiydroxide,  and  263  mg.  of  sodium  chloride  per  milliliter)  and  5 
ill.  of  glycerol  (added  with  a  large-bore  pipet),  mix  the  solution 
horoughly,  and  place  in  a  boiling  water  bath.  After  30  minutes 
-emove  the  solution,  cool,  and  make  to  volume  with  95%  ethanol. 
Within  15  minutes  determine  the  transmission  value  of  the  colored 
solution  in  a  photoelectric  colorimeter 
ind  evaluate  the  amount  of  lysine  by 
•eading  this  value  from  a  standard  curve 
irepared  by  using  known  amounts  of 
ysine  in  the  procedure  outlined 
tbove. 

The  transmission  values  of  the  colored 
solutions  can  be  determined  in  any  pboto- 
dectric  colorimeter  with  which  a  spectral 
■egion  with  a  maximum  transmission  at 
3400  A.  can  be  isolated.  In  this  investi¬ 
gation  a  KWSZ  photoelectric  photometer 
vas  used  with  Corning  filters  978  and  35 1 , 
i-cm.  adsorption  cells,  5%  copper  sulfate 
n  the  cooling  cells,  and  67.5  volts  on  the 
photocell  circuit. 

The  lysine  in  the  lysine  fractions  from 
some  of  the  protein  hydrolyzates  was 
jdso  determined  by  the  total  amino 
jiitrogen  method  (13),  by  the  a-amino 
liitrogen  method  (14),  and  by  the  method 
Involving  the  difference  between  the 
otal  and  a-amino  nitrogen  (14)- 

The  proteins  used  in  this  investigation 
were  hydrolyzed  with  20  ml.  of  20%  hy¬ 
drochloric  acid  for  18  hours.  The  hy- 
llrolyzates  were  filtered,  concentrated 
|mder  vacuum,  and  reconcentrated 


Since  the  errors  in  the  amino  nitrogen  determinations  may  be  high 
when  small  amounts  of  lysine  are  determined,  the  comparisons 
are  considered  good.  The  results  indicate  that  only  traces  of  in¬ 
terfering  substances  could  have  been  present  in  the  lysine  fraction. 

Stanley  (10)  reported  no  lysine  present  in  tobacco  mosaic  virus. 
Knight  (8)  found  1.35%  lysine  in  the  virus,  but  decided  his  find¬ 
ings  were  inconclusive,  since  he  could  not  isolate  any  lysine  by 


Table  I.  Recovery  of  Lysine,  Histidine,  and  Arginine  from  a 
Mixture  of  Amino  Acids"  and  Ammonium  Chloride 


Amino 

Amount  in 

Amount  in 

Acid 

Solution 

Eluate 

Recovery 

Mg. 

Mg. 

% 

Lysine 

4.00 

4.04 

101.0 

4  00 

4.21 

105.3 

4.00 

4.13 

103.3 

1.00 

1.01 

100.3 

Histidine 

4.00 

■  3.97 

99.3 

4.00 

4.01 

100.3 

4.00 

4.04 

101.0 

1.00 

0.99 

99.0 

Arginine 

8.00 

7.76 

97.0 

8.00 

8.08 

101.0 

8.00 

7.90 

98.8 

2.00 

1.96 

98.0 

a  Tyrosine, 

tryptophane,  methionine, 

glutamic  acid, 

aspartic  acid,  cystine 

glycine,  alanine,  valine,  norleucine, 
threonine,  histidine,  arginine,  lysine. 


isoleucine,  leucine,  phenylalanine* 


Tabic  II.  Basic  Amino  Acid  Content  of  Proteins" 


(16%  nitrogen  basis)  & 
Lvsine 


Histidine 


Arginine 


Proteins 

Nitrogen 

Adsorp¬ 

tion 

value0 

“Best 
value  "d 

Adsorp¬ 

tion 

value0 

“Best 

value”6* 

Adsorp¬ 

tion 

value0 

“Best 

value”<* 

% 

% 

% 

% 

% 

% 

% 

Casein 

(Pfanstiehl) 

13.6 

8.6 

7.5 

3.3 

2.5 

3.7 

4.2 

Fibrin 

(c.p.,  City  Chemical 
Corp.) 

13.2 

9.1 

7.5 

2.7 

2.4 

6.9 

7.8 

Laetalbumin 

(Labco,  Borden) 

13.6 

11.2 

9.6 

2  2 

2.0 

3.4 

3.9 

Egg  albumin 

(c.p.,  City  Chemical 
Corp.) 

12.3 

8.0 

5 . 0 

2.7 

2.0 

6.0 

5.8 

Blood  albumin 

(c.p.,  City  Chemical 
Corp.) 

11.3 

9.7 

10.0 

CO 

2.8 

5.7 

5.5 

Gelatin 

(Sargent) 

16.1 

4 . 5 

4.5 

0.75 

0.8 

8 .  Q 

8.0 

Tobacco  mosaic  virus 
(Stanley) 

? 

1.42 

0.0e 

0.0 

0.0° 

9.3 

9.0e 

a  Protein  hydrolyzates  not  treated  with  Norit. 
b  Values  calculated  to  16%  nitrogen  basis  for  comparison  only. 
c  Values  did  not  vary  more  than  =*=3%. 

,l  Block  and  Bolling  {3). 
e  Stanley  {10). 
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Table  III.  Comparison  of  Methods  for  Determining  Lysine  in  Lysine 
Fraction  from  Protein  Hydrolyzates  (Norit-Treated) 


Lysine  by 

Lysine  by 

Lysine  by 

Lysine  by 
Total  Amino 
Nitrogen 
Minus 

Ninhydrin 

Total  Amino 

a-Amino 

a-Amino 

Colorimetric 

Nitrogen 

Nitrogen 

Nitrogen 

Protein 

Method 

Method 

Method 

Method 

% 

% 

% 

% 

Casein 

7.3 

7.2 

7.5 

7.0 

Fibrin 

7.5 

7.8 

•7.6 

8.0 

Lactalbumin 

9.3 

9.5 

9.4 

9.7 

Egg  albumin 

5.9 

6.1 

6.1 

6.2 

Blood  albumin 

6.5 

6.5 

6.5 

6.6 

Gelatin 

4.5 

4.6 

4.9 

4.4 

Corn  1 

0.23 

0.23 

0.23 

0.23 

Corn  2 

0.26 

0.26 

0.29 

0.22 

Corn  3 

0.25 

0.28 

0.26 

0.29 

Corn  4 

0.24 

0.23 

0.27 

0.19 

Corn  average 

0.25 

0.25 

0.26 

0.23 

precipitation  methods.  Stokes  et  al.  (11)  by  use  of  microbiological 
techniques  found  1.36%  lysine  in  the  virus.  The  1.42%  found 
by  the  adsorption  method  is  in  good  agreement  with  Knight’s  and 
Stokes’s  findings.  All  the  above  determinations  were  made  on  to¬ 
bacco  mosaic  virus  prepared  by  Stanley. 

The  histidine  values  might  also  be  questionable,  since  there  are 
other  naturally  occurring  basic  compounds  that  give  a  color  with 
Pauly’s  diazo  reaction.  The  compounds  most  likely  to  be  present 
in  quantities  sufficient  to  cause  interferences  are  the  purine  and 
pyrimidine  bases  occurring  in  nucleic  acids.  The  values  for  histi¬ 
dine,  arginine,  and  lysine  were  not  affected  when  hydrolyzed  yeast 
nucleic  acid,  in  amounts  several  times  higher  than  would  occur  in 
proteins,  was  added  to  the  amino  acid  solutions  before  chromato¬ 
graphing  (Table  IV). 

Decolorization  of  the  acid  hydrolyzates  affected  slightly  the 
basic  amino  acid  values,  particularly  histidine  and  arginine  val¬ 
ues  (Table  V).  However,  it  was  found  that  this  preparation  of 
Norit  adsorbed  slight  amounts  of  the  basic  amino  acids.  The 
variation  of  values  from  the  treated  samples  were  greater  in  some 
cases  than  the  values  from  the  untreated  samples.  Even  though 
there  was  some  color  removed  during  the  elution  of  histidine, 
this  did  not  account  for  the  differences  obtained  in  the  histidine 
values.  It  is  recommended  that  the  protein  hydrolyzates  be 
chromatographed  without  decolorization. 

The  values  for  arginine  and  histidine  found  in  some  corn  grain 
hydrolyzates  are  compared  to  values  obtained  from  the  same  sam¬ 
ples  by  Doty  et  al.  (5)  by  use  of  phosphotungstic  acid  to  separate 


Table  IV.  Effect  of  Nucleic  Acid  on  Basic  Amino  Acid  Values" 


Lysine  Histidine  Arginine 


100 

100 

100 

No 

mg.  of 

No 

mg.  of 

No 

mg.  of 

nucleic 

nucleic 

nucleic 

nucleic 

nucleic 

nucleic 

Protein 

acid 

acid 

acid 

acid 

acid 

acid 

% 

% 

% 

% 

% 

% 

Lactalbumin 

9.4 

9.3 

1.8 

1.8 

2.8 

2.8 

Egg  albumin 

6.2 

6,3 

2.1 

2.1 

4.6 

4.7 

Blood  albumin 

7.1 

7.1 

2.2 

2.2 

3.8 

3.8 

a  Protein  Hydrolyzates  treated  with  Norit. 


the  basic  amino  acids  before  determination  of  histidine  and  argi¬ 
nine  (Table  VI).  There  were  no  corrections  made  for  the  solu¬ 
bility  of  the  phosphotungstates,  which  accounts,  at  least  in  part, 
for  the  lower  values  obtained  by  the  phosphotungstic  acid  pre¬ 
cipitation  method. 

CONCLUSIONS  AND  SUMMARY 

The  individual  basic  amino  acids  have  been  separated  chroma- 
tographically  from  amino  acid  mixtures  and  protein  hydrolyzates 
by  use  of  Lloyd’s  reagent.  This  is  the  first  time  that  a  single  ad¬ 
sorption  has  been  used  successfully  for  the  separation  of  the  basic 
amino  acids.  The  recoveries  of  the  basic  amino  acids  when  they 
were  adsorbed  from  amino  acid  mixtures  were  103  =*=  2%  for 
lysine,  100  ±  1%  for  histidine,  and  99  =*=  2%  for  arginine.  The 
method  is  simple,  rapid,  and  reliable.  Arginine  was  determined 
by  a  modification  of  the  Sakaguchi  reaction  and  histidine  by  a 
modification  of  Pauly’s  diazo  reaction.  Lysine  was  determined 
by  a  modification  of  the  ninhydrin  Colorimetric  reaction  which 
was  standardized  for  quantitative  determination.  Evidence  indi¬ 
cates  that  substances  from  protein  hydrolyzates  that  may  inter¬ 
fere  with  this  reaction  were  absent.  Accurate  determination  of 
lysine  in  protein  hydrolyzates  was  possible  even  when  the  per¬ 
centage  of  this  amino  acid  was  small.  Nucleic  acid  did  not  inter¬ 
fere  with  the  adsorption  or  subsequent  determination  of  the  basic 
amino  acids. 


Table  VI.  Basic  Amino  Acids  in  Corn 


Histidine 

Argi 

nine 

Lysine 

Adsorp- 

Adsorp- 

Adsorp- 

Nitro- 

tion  PTA 

tion 

PTA 

tion 

Sample 

gen 

value  value 

value 

value 

"Value 

% 

Mg./g. 

Mg./g. 

Mg./g. 

1 

1.50 

2.9  2.0 

3.9 

3.6 

2.3 

2 

1.59 

2.7  2.2 

4.0 

4.1 

2.6 

3 

1.45 

2.5  2.0 

3.7 

3.8 

2.5 

4 

1.45 

2.6  2.3 

4.0 

3.9 

2.4 

Values  of  the  basic  amino  acids  determined  in  seven  protein  hy¬ 
drolyzates  were  compared  to  literature  values.  The  lysine  and 
histidine  values  obtained  by  the  adsorption  method  were  generally 
higher  than  the  average  of  the  reported  values,  but  the  adsorption 
values  checked  more  closely  with  the  most  recent  literature  val¬ 
ues.  The  adsorption  values  for  arginine  compared  satisfactorily 
with  the  average  literature  values. 

The  basic  amino  acids  were  determined  in  four  corn  grain  hy¬ 
drolyzates.  The  values  for  arginine  and  histidine  were  compared 
to  values  obtained  when  the  basic  amino  acids  were  separated 
from  hydrolyzates  from  the  same  corn  grain  samples  by  phospho¬ 
tungstic  acid  precipitation.  The  arginine  values  checked  very 
closely,  but  the  adsorption  values  for  histidine  were  appreciably 
higher  than  those  obtained  after  phosphotungstic  acid  precipita¬ 
tion. 
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Protein 

Lysine 

Untreated  Treated 

Casein 

% 

7.4 

% 

7.6 

Fibrin 

7.7 

7.7 

Lactalbumin 

9.7 

9.4 

Egg  albumin 

6.3 

6.2 

Blood  albumin 

7.0 

7.1 

Gelatin 

4.6 

4.5 

Histidine  _ Arginine 


Untreated 

Treated 

Untreated 

Treated 

% 

% 

% 

% 

2.8 

2.8 

3.2 

3.2 

2.3 

2.2 

5.6 

5.6 

1.9 

1.8 

2.9 

2.8 

2.2 

2.1 

4.9 

4.6 

2.3 

2.2 

4. 1 

3.8 

0.78 

0.64 

8.1 

7.5 
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Aids  to  Computation  in  Spectrophotometric 
Analysis  of  Binary  Mixtures 


MARK  FRED1  and  FRANCIS  W.  PORSCHE 
Standard  Oil  Co.  (Indiana),  Whiting,  Ind. 


ieveral  methods  are  described  lor  facilitating  the  computation  of 
:oncentrations  of  binary  mixtures  from  the  observed  spectropho- 
ometer  data.  The  methods  are  especially  useful  for  cases  of  Beer’s 
aw  failure.  One  is  a  graphical  method  in  which  the  observed 
>ptical  densities  of  a  mixture  determine  the  location  of  a  point  in- 
ide  a  coordinate  network  reading  directly  in  concentrations.  The 

rHE  spectrophotometric  analysis  of  mixtures  of  absorbers  re¬ 
quires  measurement  of  the  optical  density  at  selected  wave 
engths  and  solution  of  the  resulting  simultaneous  equations. 
Hiese  equations  are  nonlinear  in  cases  in  which  there  is  an  ap- 
rarent  failure  of  Beer’s  law  and  are  consequently  tedious  to  solve 
lirectly.  A  method  of  solution  based  on  successive  approxima- 
ions  has  been  described  ( 1 ).  The  present  paper  describes 
ieveral  devices  which  have  been  used  for  some  time  to  shorten  the 
abor  of  computation  for  binary  mixtures. 

An  example  which  has  been  of  considerable  practical  impor- 
ance  in  the  production  of  nitration  grade  toluene  is  the  analysis 
>f  benzene-toluene  mixtures  in  a  transparent  solvent  such  as  iso- 
>ctane. 

For  this  case,  using  a  particular  set  of  experimental  conditions 
'constants  must  be  determined  for  every  optical  system  used)  and 
issuming  no  Beer’s  law  failure,  the  following  equations  apply: 

£268.9  =  x.oi  Cb  +  20.8  Ct  (1) 

£260.9  =  16-3  cb  +  19.4  Ct  (2) 

vhere  the  optical  densities,  D,  are  measured  at  characteristic  ab- 
.orption  peaks  at  the  indicated  wave  lengths  expressed  in  milli- 
nicrons  (the  peaks  for  the  two  compounds  happen  almost  to  co- 
ncide  in  wave  lengths  but  not  in  intensities  and  for  the  author’s 
vork  were  found  most  sensitive  to  relative  composition)  and  the 
loncentrations,  C,  are  given  in  volume  per  cent.  Equations  1  and 
l  may  be  transformed  to  the  more  convenient  form : 

Cb  =  0.0651D  260-9  —  0.0607  D268-9  (3) 

C,  =  -0.0032  Z)260-9  +  0.0510  D268-9  (4) 

GRAPHICAL  SOLUTION 

These  equations  may  be  thought  of  as  defining  a  transforma- 
ion  from  D  axes  to  C  axes,  as  illustrated  in  Figure  1.  Here  the 
iensities  at  268.9  my  for  various  concentrations  of  the  pure  com¬ 
pounds  in  a  transparent  solvent  are  plotted  as  a  function  of  the 
Iensities  at  260.9  m/i,  the  toluene  axis  having  approximately  unit 
dope  because  the  peaks  are  about  of  equal  intensity,  while  the 
dope  for  the  benzene  axis  is  much  lower  because  the  268.9  peak  is 
imuch  weaker  than  that  at  260.9  for  this  compound.  The  densi¬ 
ties  of  a  mixture  are  represented  by  a  point  somewhere  inside 

1  Present  address,  Armour  Research  Foundation,  Chicago,  Ill. 


other  method  utilizes  a  specially  constructed  slide  rule  on  which 
concentrations  are  read  when  the  position  is  adjusted  according  to 
the  densities.  Illustrative  data  for  benzene-toluene  mixtures  are 
shown.  The  saving  in  time  over  numerical  calculation  can  amount 
to  more  than  a  factor  of  20.  The  graphical  method  can  be  extended 
to  three-component  mixtures. 

these  two  lines.  It  will  be  seen  that,  speaking  in  the  language  of 
vectors,  the  components  along  the  concentration  axes  of  a  point 
defined  by  components  along  the  density  axes  can  be  obtained 
graphically  by  projecting  back  parallel  to  the  concentration  axes. 


Figure  1.  Graphical  Method  of  Obtaining  Concentrations  of 
Benzene-Toluene  Mixtures  from  Observed  Optical  Densities 

Example  shown  at  P  represents  mixture  1  o(  Table  I 


The  network  consisting  of  the  concentration  axes  repeated  at 
regular  intervals  of  benzene  and  toluene  concentration,  as  indi¬ 
cated  in  Figure  1,  is  drawn  in  merely  for  convenience.  Concen¬ 
trations  can  be  obtained  in  this  way  in  a  much  shorter  time  than 
by  numerical  solution  of  Equations  3  and  4.  The  chief  advantage, 
however,  is  found  in  the  case  in  which  the  densities  are  not  linear 
functions  of  the  concentrations.  This  situation  arises  when  ben¬ 
zene-toluene  mixtures  are  measured  on  a  Beckman  quartz  spec¬ 
trophotometer,  which  requires  an  effective  slit  width  (0.30  mm. 
corresponding  to  about  0.8  my)  comparable  with  the  width  of  the 
absorption  bands.  In  this  case  the  data  can  be  represented  by 
a  curvilinear  coordinate  system  for  the  concentration  axes  which 
is  a  distortion  of  the  previous  case,  the  concentrations  being  ob¬ 
tained  by  following  a  curvilinear  network.  Figure  1  actually  rep- 
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resents  Beckman  spectrophotometer  data.  It  will  be  seen  that 
the  curvature  of  the  axes  is  not  great  but  cannot  be  ignored  for 
accurate  work.  Linear  interpolation  between  any  two  successive 
0.01%  intervals  on  the  concentration  scales  is  satisfactory. 

SLIDE  RULE  SOLUTION 

Another  device  which  has  been  found  convenient  in  practice  is 
a  slide  rule,  Figure  2,  with  appropriate  scales  reading  directly  in 
concentrations.  These  scales  are  drawn  on  strips  of  paper  which 
are  pasted  on  a  conventional  slide  rule  and  covered  with  label 
varnish.  The  action  of  the  rule  depends  on  the  fact  that  each 
concentration  in  Equations  3  and  4  is  expressed  as  the  difference 
between  two  linear  terms,  so  that  if  the  density  scales  on  the  rule 
are  each  drawn  with  units  adjusted  in  length  according  to  the 
corresponding  coefficients  the  subtractions  can  be  performed 
mechanically.  The  operation  is  thus  analogous  to  the  operation 
of  division  on  a  conventional  slide  rule  and  requires  the  same 
length  of  time  to  obtain  each  concentration  as  a  simple  division. 
The  rule  has  one  density  scale  for  268.9  myu  but  a  separate  density 
scale  for  260.9  m,u  is  used  for  each  compound.  Based  on  the  data 
of  Equations  3  and  4  and  assuming  no  Beer’s  law  failure,  unit 
length  on  the  Z)260-9  scale  used  for  the  toluene  determination  would 
be  0.0032/0.0510  the  unit  length  on  the  Z)268-9  scale,  while  unit 
length  on  the  Z)260-9  scale  used  for  the  benzene  determination 
would  be  0.0651/0.0607  that  of  the  Z)268-9  scale.  The  concentra¬ 
tion  scales  are  not  in  equivalent  positions  on  the  rule  because  the 
algebraic  signs  of  the  coefficients  in  Equations  3  and  4  are  inter¬ 
changed.  In  operation  the  movable  hair  line  is  set  at  the  ob¬ 
served  value  on  one  of  the  Z)260-9  scales,  the  Z)268-9  scale  moved  to 
read  the  observed  value  for  this  wave  length  at  the  hair  line,  and 
the  concentration  in  volume  per  cent  read  opposite  the  index 
arrow. 
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Figure  2.  Slide  Rule  for  Obtaining  Concentrations  of  Benzene- 
Toluene  Mixtures  from  Observed  Optical  Densities 

Setting  shown  illustrates  (above)  benzene  and  (below)  toluene  determination  for 
mixture  1  of  Table  I 


The  construction  of  the  slide  rule  for  the  nonlinear  case  which 
is  actually  represented  in  Figure  2  is  not  quite  so  simple  and  is 
best  carried  out  with  the  aid  of  the  corresponding  graph — i.e., 
Figure  1.  The  following  procedure  has  been  found  to  yield  exact 
results,  although  other  choices  could  doubtless  be  made.  (It  is 
possible  that  this  method  of  attack  might  not  be  valid  in  all 
cases.) 

The  Z)260-9  scale  used  for  the  determination  of  benzene  is  laid 
out  linearly  as  before.  With  the  zero  of  the  movable  scale  in 
coincidence  with  that  of  the  fixed  scale,  the  Z)268-9  scale  is  laid  out 
from  the  readings  of  the  toluene  axis  of  the  graph — i.e.,  suitable 
increments  of  the  Z)268-9  scale  are  drawn  in  opposite  the  associated 
values  of  the  Z)260-9  scale.  For  example,  0.2  on  the  Z)268-9  scale 
would  be  placed  opposite  point  P  corresponding  to  the  associated 
density  on  the  Z)260-9  scale.  The  movable  hair  fine  and  the  mov¬ 
able  scale  are  then  adjusted  to  correspond  to  associated  densities 
for  various  concentrations  of  pure  benzene,  as  obtained  from  the 
benzene  axis,  and  the  values  for  the  Cb  (%  benzene)  scale  drawn 
in  opposite  the  index  arrow  for  each  setting.  The  same  procedure 
is  now  followed  for  the  toluene  scales,  using  the  Z)268-9  scale  al¬ 


Table  I.  Comparison  of  Different  Procedures  for  Converting  Ob¬ 
served  Densities  of  Benzene-Toluene  Mixtures  to  Concentration: 


Mixture 

No. 

Constituent 

Known 

Volume  Per  Cent 
Shell  Graph 

Rule 

1 

Benzene 

Toluene 

0.0424 

0.0012 

0.0421 

0.0014 

0 . 0423 
0.0012 

0.0423 

0.0012 

Total 

0.0436 

0.0435 

0.0435 

0.0435 

2 

Benzene 

Toluene 

0.0290 

0.0060 

0.0288 

0.0060 

0.0288 

0 . 0059 

0.0289 
0 . 0060 

Total 

0.0350 

0.0348 

0.0347 

0.0349 

3 

Benzene 

Toluene 

0.0122 

0.0121 

0.0121 

0.0122 

0.0121 

0.0122 

0.0121 

0.0122 

Total 

0.0243 

0.0243 

0 . 0243 

0 . 0243 

4 

Benzene 

Toluene 

0.0116 

0.0194 

0.0114 

0.0195 

0.0114 

0.0196 

0.0113 

0.0194 

Total 

0.0310 

0.0309 

0.0310 

0.0307 

5 

Benzene 

Toluene 

0.0081 

0.0421 

0.0078 

0.0424 

0.0076 

0 . 0427 

0.0075 

0.0424 

Total 

0.0502 

0.0502 

0.0503 

0 . 0499 

6 

Benzene 

Toluene 

0.0033 

0.0168 

0.0033 

0.0168 

0.0033 

0.0168 

0 . 0032 
0.0168 

Total 

0.0201 

0.0201 

0.0201 

0.0200 

Benzene 

Toluene 

0.0018 

0.0388 

0.0019 

0.0386 

0 . 0020 
0.0386 

0.0018 

0.0387 

Total 

0.0406 

0 . 0405 

0.0406 

0.0405 

Benzene 

Toluene 

0.0007 

0.0155 

0.0007 

0.0154 

0.0007 

0.0155 

0.0006 

0.0155 

Total 

0.0162 

0.0161 

0.0162 

0.0161 

ready  obtained,  drawing  in  another  Z)260-9  scale  from  data  from 
the  benzene  axis  with  the  zero  points  in  coincidence,  and  ther 
laying  out  the  C<  (%  toluene)  scale  from  associated  densities  ob¬ 
tained  from  the  toluene  axis. 

The  resulting  slide  rule  is  similar  to  that  used  in  the  case  of  nc 
Beer’s  law  failure,  except  that  only  one  scale  is  linear,  the  others 
converging  or  diverging.  Linear  interpolation  on  these  scales 
between  any  two  successive  0.01%  concentration  or  0.1  density 
points  is  convenient  and  satisfactory. 

COMPARISON  OF  METHODS 

A  comparison  of  the  different  methods  of  treating  the  same 
data  is  shown  in  Table  I.  The  Shell  method  refers  to  the  succes¬ 
sive  approximation  procedure  described  in  ( 1 ).  The  results  re¬ 
ported  under  graph  were  obtained  with  a  curvilinear  graph  50  X 
50  cm.,  while  a  50-cm.  (20-inch)  slide  rule  was  used  for  those  fisted 
under  rule.  The  average  time  required  for  obtaining  both  the 
benzene  and  toluene  concentrations  from  the  observed  densities 
for  a  given  mixture  is  approximately  5  to  8,  0.5,  and  0.3  minute 
for  the  respective  methods.  The  construction  of  the  graph  re¬ 
quires  3  or  4  hours,  and  the  slide  rule  scales  require  about  2 
working  days. 

THREE-COMPONENT  MIXTURES 

Linear  equations  for  three-component  mixtures  may  be  solved 
with  a  two-dimensional  graph  by  using  as  one  of  the  equations 
the  condition  that  the  sum  of  the  concentrations  is  known.  The 
optical  densities  at  any  one  wave  length  may  be  indicated  on  a 
conventional  triangular  composition  diagram  as  a  contour  map. 
It  will  be  found  that  lines  of  constant  density  for  different  com¬ 
positions  are  straight  parallel  lines.  For  another  wave  length  the 
constant  density  fines  will  have  a  different  slope  and  different 
spacing  for  the  same  density  interval.  The  composition  is  de¬ 
termined  by  the  point  of  intersection  of  the  measured  density 
fines  at  the  two  wave  lengths.  The  method  is  more  rapid  than 
numerical  solution.  It  has  not  been  tested  for  cases  of  Beer’s 
law  failure  but  should  also  apply  if  the  deviations  are  not  so  large 
as  to  introduce  contour  curvatures  with  more  than  one  point  ol 
intersection. 
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TSWETT’S  columnar  or  chromatographic  adsorption  method 
is  particularly  useful  for  the  resolution  of  mixtures  of  organic 
■ompounds  and  for  the  detection  and  estimation  of  the  individual 
:omponents.  Under  given  conditions,  compounds  adsorbed  in 
he  columns  form  a  series  of  bands  or  zones  in  definite  sequence. 
\s  a  result,  organic  substances  are  frequently  identified  and 
lamed  with  respect  to  their  relative  positions  in  the  adsorption 
columns  (13,  15).  In  several  instances,  prognostications  regard- 
ng  chemical  structures  of  organic  compounds  have  been  based 
lpon  their  adsorbability  relative  to  that  of  substances  of  known 
constitution  (9). 

This  sequence  or  adsorption  order  of  the  bands  is,  however, 
lot  the  same  under  all  circumstances;  it  varies  with  the  condi- 
ions  in  the  columns,  with  the  solvent  and  the  adsorbent,  and 
vith  the  kinds  of  substances  adsorbed  (9,  10).  Variations  of  the 
idsorption  sequence  have  been  observed  most  frequently  when 
nixtures  of  dissimilar  compounds  are  adsorbed  under  different 
conditions  (1,  6,  9).  For  example,  mixtures  of  the  green  chloro- 
ihylls  and  the  yellow  xanthophylls  isolated  from  the  green  parts 
>f  plants  often  yield  different  adsorption  sequences  (10).  Vari- 
itions  of  the  adsorption  sequence  have  also  been  observed  when 
nixtures  of  similar  substances,  such  as  the  xanthophylls  them¬ 
selves,  are  resolved  by  adsorption  (13). 

Further  investigation  of  the  relative  adsorbability  of  organic 
compounds  has  now  revealed  many  additional  examples  of  vari- 
ition  of  the  adsorption  sequence.  These  variations  have  resulted 
rom  alteration  of  one  or  more  factors  such  as  the  solvent,  the 
idsorbent,  the  temperature,  the  concentration,  the  presence  of  an 
mpurity,  or  the  concentration  of  hydrogen  ion.  As  experience 
s  gained,  additional  conditions  which  influence  the  adsorption 
sequence  wdll  undoubtedly  be  found. 

The  number  of  possible  adsorption  sequences  is  related  to  the 
lumber  of  components  in  the  mixtures  that  are  adsorbed.  With 
x  binary  mixture,  two  sequences  of  the  bands  are  possible.  Under 
certain  conditions,  one  solute  will  form  the  upper  band;  under 
ither  conditions,  this  solute  may  form  the  lower  band.  As  in  a 
series  of  permutations,  increase  in  the  number  of  components  of  a 
nixture  multiplies  the  number  of  possible  sequences  of  the  ad¬ 
sorption  bands.  For  3  components  there  are  6  possible  adsorp¬ 
tion  sequences;  with  4  components  there  are  24  possible  se¬ 
quences;  with  5  components  there  are  120  sequences;  and  for  10 
components  there  are  3,628,800  possible  sequences.  Only  with 
linary  mixtures  have  all  the  theoretically  possible  sequences  been 
obtained. 

Alteration  of  the  adsorption  sequence  may  be  utilized  to 
ncrease  the  sensitivity  and  to  broaden  the  applicability  of  the 
chromatographic  adsorption  method.  Variation  of  the  adsorp¬ 
tion  sequence  with  conditions  in  the  columns  illustrates  precau¬ 
tions  to  be  observed  in  new  applications  of  the  columnar  adsorp¬ 
tion  technique. 

MATERIALS  AND  METHODS 

Effects  of  various  conditions  upon  the  adsorption  sequence  were 
determined  by  use  of  colored  solutes,  which  are  readily  visible 
in  adsorption  columns.  These  mixtures  were  made  of  chloro¬ 
phylls,  of  chlorophylls  and  xanthophylls,  of  xanthophylls,  or  of 
common  water-soluble  dyes. 

Pigments  and  Their  Sources.  Because  of  their  lability, 
chlorophylls  and  xanthophylls  were  prepared  in  small  quantities 


as  needed.  Chlorophylls  a  and  b  were  isolated  by  adsorption  of 
the  freshly  prepared  extracts  of  green  leaves  (11).  The  labile 
isomer  of  each  of  these  pigments,  chlorophyll  a'  and  chlorophyll 
6',  was  obtained  by  adsorption  of  extracts  of  heated  leaves  (12). 
Chlorophyll  d  was  prepared  from  red  algae  (Rhodophyceae)  (7). 

Xanthophylls,  the  alcohol-soluble  oxygen  derivatives  of  polyene 
hydrocarbons,  were  extracted  from  a  variety  of  plant  sources  and 
were  isolated  by  adsorption.  Lutein  and  neoxanthin  were  ob¬ 
tained  from  leaves,  fucoxanthin  from  the  kelps  or  browrn  sea¬ 
weeds  (Pheophyceae),  diadinoxanthin  and  peridinin  (sulcato- 
xanthin)  from  the  symbiotic  alga  of  a  sea  anemone,  diatoxanthin 
from  diatoms,  violaxanthin  from  pansies,  and  taraxanthin  and 
tareoxanthin  from  dandelions  (13).  Zeaxanthin  was  isolated 
from  the  fruit  pods  of  the  Chinese  lantern  (Physalis)  (9).  On 
the  Pacific  Coast,  sources  of  many  of  these  pigments  are  avail¬ 
able  throughout  the  year. 

Solvents  and  Adsorbents.  Solvents  were  purified  by  dis¬ 
tillation  in  an  all-glass  apparatus.  Commercial  adsorbents  were 
employed,  usually  without  further  treatment. 

Heat-treated  siliceous  earths,  Hyflo  Super-Cel  and  Celite  501, 
503,  535,  and  545,  from  Johns-Manville,  were  all  weakly  ad¬ 
sorptive  (comparable  in  adsorptive  capacity  to  powdered  sugar). 
All  these  products  are  manufactured  by  the  same  alkali  flux 
calcination  process  and  differ  principally  in  particle  size. 

Powdered  sugar  (confectioners’  powdered  sugar,  grade 
XXXXXX,  containing  3%  starch  to  prevent  caking),  which  was 
obtained  from  several  sources,  exhibited  rather  uniform  adsorp¬ 
tive  properties.  Cellulose  was  prepared  for  use  in  columns  by 
disintegration  of  finely  cut  filter  paper  in  water  in  a  Waring 
Blendor.  Preparations  of  activated  magnesium  silicate  of  similar 
adsorptive  properties  but  of  greatly  different  particle  size  were 
obtained  from  three  sources:  Florisil  from  the  Floridin  Com¬ 
pany,  Warren,  Pa.;  Magnesol  from  Westvaco  Chlorine  Products 
Corporation,  Newark,  Calif.,  and  magnesium  silicate  No.  34 
from  Philadelphia  Quartz  Company  Limited,  Berkeley,  Calif. 
Activated  magnesium  oxide,  Micron  Brand  No.  2641  from  West¬ 
vaco  Chlorine  Products  Corporation,  was  mixed  with  Celite  be¬ 
fore  use  in  columns  (8). 

Procedure.  Solutions  of  the  mixtures  of  plant  pigments 
were  prepared  by  dissolving  1  to  5  mg.  of  each  substance  in  100 
ml.  of  petroleum  ether.  These  solutions  were  then  filtered  through 
adsorption  columns  (1.5  cm.  in  diameter  and  12  to  20  cm.  long) 
prepared  by  pressing  the  dry  adsorbent  into  the  tube.  As  soon 
as  a  narrow  zone  (0.3  to  1  cm.)  at  the  top  of  the  adsorbent  was 
saturated  with  pigment,  the  adsorbed  materials  were  washed 
wdth  fresh  solvent  (or  solvent  mixture)  in  order  to  develop  the 
chromatogram  and  to  reveal  the  adsorption  sequence. 

Water-soluble  dyes  were  dissolved  directly  in  water  or  in  acidic 
or  alkaline  solution.  Concentration  of  the  dyes  in  these  solu¬ 
tions  was  comparable  to  that  of  the  plant  pigments  in  the  pe¬ 
troleum  ether  solutions. 

CONDITIONS  INFLUENCING  ADSORPTION  SEQUENCE  OF  COMPONENTS 
OF  BINARY  MIXTURES 

Adsorption  from  Different  Solvents.  In  columns  of  a 
given  adsorbent,  adsorption  sequences  are  determined,  in  part, 
by  the  properties  of  the  solvent.  There  are  many  examples  of  a 
chlorophyll  and  a  xanthophyll  adsorbed  in  two  sequences  when 
different  solvents  are  used. 

With  petroleum  ether  or  benzene  as  solvent  and  wdth  Celite 
as  adsorbent,  chlorophyll  b  forms  a  yellow-green  band  above  the 
yellow  band  of  neoxanthin.  Addition  of  about  25%  of  acetone 
to  the  petroleum  ether  or  benzene  causes  the  chlorophyll  b  to  be 
adsorbed  below  the  neoxanthin. 

With  petroleum  ether,  benzene,  or  1,2-dichloroethane  as  sol¬ 
vent,  chlorophyll  d  is  adsorbed  above  fucoxanthin  in  columns  of 
powdered  sugar.  If  0.5  to  about  3%  of  an  alcohol  is  added  to 
these  solvents,  chlorophyll  d  is  adsorbed  below  fucoxanthin. 

When  petroleum  ether  containing  about  5%  acetone  is  used  as 
solvent,  chlorophyll  a  is  adsorbed  above  lutein  in  columns  of 
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Celite.  The  presence  of  about  0.75%  ethanol  in  the  petroleum 
ether  plus  acetone  causes  the  chlorophyll  a  to  be  adsorbed  below 
the  lutein. 

Many  similar  alterations  of  the  adsorption  sequence  have  been 
produced  by  adsorption  of  binary  mixtures  of  chlorophyll  a  and  a 
xanthophyll.  When  petroleum  ether  is  the  solvent  and  powdered 
sugar  is  the  adsorbent,  chlorophyll  a  is  adsorbed  above  each  of  the 
following  xanthophylls:  violaxanthin,  fucoxanthin,  diadinoxan- 
thin,  tareoxanthin,  taraxanthin,  diatoxanthin,  zeaxanthin,  and 
lutein.  With  petroleum  ether  containing  0.5  to  1%  propanol 
as  solvent,  chlorophyll  a  is  adsorbed  below  each  of  these  xantho¬ 
phylls. 

Substances  of  the  same  type,  such  as  the  xanthophylls  them¬ 
selves,  are  often  adsorbed  in  different  sequences  when  different 
solvents  are  used  with  columns  of  a  given  adsorbent.  With 
chloroform  as  solvent,  zeaxanthin  is  adsorbed  below  violaxanthin 
in  columns  of  magnesia  plus  Celite  (1  to  1).  With  petroleum 
ether  plus  about  25%  of  ketones  (such  as  acetone,  ethyl  methyl 
ketone,  or  methyl  nonyl  ketone)  as  solvent,  zeaxanthin  is  ad¬ 
sorbed  above  violaxanthin. 

With  1,2-dichloroethane  as  solvent,  fucoxanthin  is  adsorbed 
above  violaxanthin  in  columns  of  sugar.  But  with  petroleum 
ether  plus  about  0.5%  of  an  alcohol  such  as  methanol,  ethanol, 
propanol,  or  butanol  as  the  solvent,  fucoxanthin  is  adsorbed  be¬ 
low  violaxanthin. 

^  ariations  of  the  proportions  of  a  mixture  of  solvents  may  also 
suffice  to  alter  the  sequence  of  substances  adsorbed  on  a  given 
adsorbent.  When  petroleum  ether  plus  about  5%  acetone  and 
0.5%  ethanol  is  used  as  solvent,  fucoxanthin  is  adsorbed  above 
chlorophyll  a  in  columns  of  Celite.  Increase  of  the  alcohol  con¬ 
centration  to  about  2%  causes  the  fucoxanthin  to  be  adsorbed 
below  the  chlorophyll  a.  At  one  intermediate  concentration  of 
alcohol,  fucoxanthin  and  chlorophyll  a  are  difficultly  separable 
in  the  columns  of  Celite. 

Impurities  in  Solvents.  Very  small  quantities  of  alcohols 
which  may  occur  as  impurities  in  a  solvent  often  alter  the  se¬ 
quence  of  adsorbed  chlorophylls  and  xanthophylls.  In  col¬ 
umns  of  sugar,  where  fucoxanthin  is  normally  adsorbed  below 
chlorophyll  a  when  petroleum  ether  is  used  as  solvent,  as  little 
as  0.05  /o  amyl  alcohol  in  the  petroleum  ether  causes  the  fuco¬ 
xanthin  to  be  adsorbed  above  the  chlorophyll  a.  A  similar  effect 
is  produced  by  as  little  as  0.1%  cholesterol  or  ergosterol  dissolved 
m  the  petroleum  ether.  Unsaturated  hydrocarbons,  chlorinated 
hydrocarbons,  ethers,  esters,  organic  acids,  and  amides  of  organic 
acids  added  to  petroleum  ether  accelerate  the  movement  of 
fucoxanthin  and  chlorophyll  a  through  columns  of  sugar,  but  the 
adsorption  order  is  identical  with  that  produced  by  petroleum 
ether  alone. 

Addition  of  very  small  quantities  of  alcoholic  substances  to  a 
solution  of  fucoxanthin  and  chlorophyll  a  in  petroleum  ether 
before  adsorption  in  a  column  of  sugar  causes  the  chlorophyll  to 
form  the  lower  band.  But  as  the  column  is  washed  with  fresh, 
unadulterated  portions  of  petroleum  ether,  the  fucoxanthin  gradu¬ 
ally  becomes  adsorbed  below  the  chlorophyll  a. 

Alcohols  are  common  in  plants,  and  it  seems  probable  that 
they  may  cause  the  reversal  of  the  adsorption  order  of  chloro¬ 
phylls  and  xanthophylls  which  occurs  when  extracts  of  plants  are 
adsorbed.  When  a  petroleum  ether  extract  of  the  brown  seaweeds 
is  filtered  through  a  column  of  powdered  sugar,  chlorophyll  a 
is  adsorbed  below  fucoxanthin,  the  principal  xanthophyll.  As 
the  chromatogram  is  developed  with  fresh  petroleum  ether,  fuco¬ 
xanthin  slowly  appears  below  the  chlorophyll  a.  In  analogous 
fashion,  a  petroleum  ether  extract  of  the  leaves  of  higher  plants 
yields  chlorophyll  a  adsorbed  below  the  principal  xanthophyll 
lutein.  Development  of  the  chromatogram  with  petroleum  ether 
carries  the  lutein  below  the  chlorophyll  a. 

Use  of  Different  Solvents  for  Development  of  One 
Chromatogram.  As  indicated  by  the  adsorption  of  pigments 
from  solutions  containing  impurities,  bands  of  two  substances 


separated  in  one  sequence  by  adsorption  from  one  solvent  ma 
have  their  relative  positions  reversed  by  further  development  c 
the  chromatogram  with  another  solvent.  Because  the  resolutio 
effected  by  the  first  solvent  must  be  overcome  by  the  secon 
solvent  in  the  lower  unused  portions  of  the  adsorbent,  long  ac 
sorption  columns  are  usually  required. 

If  a  mixture  of  chlorophyll  a  and  zeaxanthin  in  solution  in  d: 
chloroethane  is  adsorbed  on  a  column  of  sugar,  zeaxanthin  form 
the  lower  band.  Further  development  of  the  chromatograr 
with  petroleum  ether  containing  about  0.5%  ethanol  causes  th 
chlorophyll  a  to  overtake  and  to  pass  through  the  zeaxanthi 
band,  thus  reversing  the  adsorption  sequence.  Through  th 
alternate  use  of  these  two  different  solvents  in  a  long  column  c 
sugar,  the  adsorption  sequence  of  chlorophyll  a  and  zeaxanthi 
may  be  reversed  several  times. 

Mixtures  of  either  chlorophyll  a,  b,  or  d  with  one  xanthophy 
.  have  also  been  separated  in  first  one  sequence  and  then  in  th 
other  by  the  successive  use  of  different  solvents  for  developmen 
of  the  chromatogram.  Mixtures  of  two  xanthophylls  have  like 
wise  been  separated  in  one  sequence  and  then  in  the  other  by  de 
velopment  of  the  chromatogram  with  two  different  solvents.  Thi 
may  be  illustrated  by  the  adsorption  of  taraxanthin  and  lutei: 
in  columns  of  a  mixture  of  magnesia  and  Celite.  With  dichloro 
ethane  as  solvent,  lutein  forms  a  band  below  that  of  taraxanthin 
When  the  column  is  subsequently  washed  with  petroleum  ethe 
containing  about  25%  acetone,  taraxanthin  advances  througl 
the  band  of  lutein.  Conversely,  lutein  first  separated  belov 
taraxanthin  by  adsorption  on  magnesia  from  solution  in  pe 
troleum  ether  plus  acetone  can  be  made  to  form  the  upper  bant 
by  washing  the  column  with  1,2-dichloroethane. 

Effect  of  Hydrogen  Ion.  Different  concentrations  of  hy 
drogen  ion  in  aqueous  solution  mhy  cause  mixtures  of  water 
soluble  substances  to  separate  in  different  sequences.  As  ai 
example,  on  columns  of  cellulose  bromothymol  blue  (dibromo 
thymol  sulfonephthalein)  is  adsorbed  below  fluorescein  when  th« 
solutions  are  alkaline  (ammoniacal).  From  neutral,  bufferec 
solutions  or  acidic  solutions,  however,  bromothymol  blue  is  ad 
sorbed  above  fluorescein. 

Concentration  of  Solutes.  At  higher  concentrations,  a  sol 
ute  usually  migrates  through  an  adsorption  column  faster  thai 
at  lower  concentrations.  For  this  reason,  increase  in  the  concen 
tration  of  a  more  adsorbed  constituent  of  a  binary  mixture  maj 
cause  the  band  of  this  more  adsorbed  component  to  advance  be¬ 
yond  the  band  of  the  less  adsorbed  component.  From  dilute 
ammoniacal  solution,  fluorescein  is  slightly  more  adsorbed  thar 
bromothymol  blue  in  columns  of  cellulose  (and  in  strips  of  filtei 
paper)  when  about  equal  quantities  of  the  pigment  are  adsorbed 
If  the  ratio  of  fluorescein  to  bromothymol  blue  is  increased  tc 
about  50  to  1,  fluorescein  appears  ahead  of  the  bromothymol  blue. 
But  the  advancing  band  of  fluorescein  has  a  dilute,  diffuse,  trailing 
boundary  that  moves  slower  than  the  band  of  bromothymol  blue. 


Table  I.  Adsorption  Sequences  of  Chlorophyll  b,  Chlorophyll  a, 
and  Fucoxanthin 

_ Columns  of  Magnesia  and  of  Celite 

Adsorbents  Magnesia  +  Celite  Celite 

Celite  (l#to  1) 

Solvents  Petroleum  ether  Petroleum  ether  Petroleum  ether 

+  25%  acetone  -f  0.75%  ethanol  0.75%  ethanol 

4-5%  acetone 

Adsorption  Chlorophyll  b  Fucoxanthin  Chlorophyll  b 

sequences  Chlorophyll  a  Chlorophyll  b  Fucoxanthin 

Fucoxanthin  Chlorophyll  a  Chlorophyll  a 

_  Columns  of  Sugar  _ 

Adsorbents  Sugar  Sugar  Sugar 

Solvents  Petroleum  ether -f-  Petroleum  ether  Petroleum  ether  -f 

5%  acetone  4"  0.75%  ethanol  5%  acetone  4" 

0.25%  ethanol 

Adsorption  Chlorophyll  b  Fucoxanthin  Chlorophyll  b 

sequences  Chlorophyll  a  Chlorophyll  b  Fucoxanthin 

Fucoxanthin  Chlorophyll  o  Chlorophyll  a 
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As  a  result,  the  band  of  bromothymol  blue  appears  as  a  blue 
(zone  in  the  middle  of  a  rapidly  widening  yellow  band  of  fluo- 
irescein.  If  the  concentration  of  the  fluorescein  is  not  too  great,  the 
original  band  is  not  too  wide,  and  the  column  is  long  enough,  the 
band  of  fluorescein  widens;  its  rate  of  movement  decreases;  and 
it  gradually  falls  behind  the  band  of  bromothymol  blue. 

Different  Adsorbents.  The  sequence  of  two  substances  ad¬ 
sorbed  from  a  given  solvent  varies  from  adsorbent  to  adsorbent. 
In  columns  of  Celite,  chlorophyll  a  is  adsorbed  below  lutein  when 
petroleum  ether  plus  0.5%  ethanol  plus  5%  acetone  is  used  as  sol¬ 
vent;  but  in  columns  of  sugar,  chlorophyll  a  is  adsorbed  above 
lutein.  In  columns  of  magnesia,  with  petroleum  ether  plus  5% 
acetone  as  solvent,  chlorophyll  a  is  adsorbed  above  lutein,  but  in 
columns  of  sugar  these  pigments  are  adsorbed  in  the  inverse  order. 

Relative  adsorbability  of  the  xanthophylls  also  varies  with  the 
ladsorbent.  When  magnesia  plus  Celite  is  the  adsorbent  and  di- 
chloroethane  is  the  solvent,  zeaxanthin  is  adsorbed  above  fuco- 
xanthin;  but  in  columns  of  sugar,  zeaxanthin  is  adsorbed  below 
fucoxanthin.  From  solution  in  petroleum  ether  plus  about  10% 
acetone,  lutein  is  adsorbed  below  taraxanthin  in  columns  of 
Celite  or  of  powdered  sugar;  but  in  columns  of  magnesia  or  of 
magnesia  plus  Celite  lutein  is  adsorbed  above  taraxanthin.  In 
this  latter  example,  the  resolving  power  of  the  magnesia  tending 
to  separate  the  pigments  in  one  sequence  is  greater  than  the  re¬ 
solving  power  of  the  Celite  tending  to  separate  the  pigments  in 
the  other  sequence. 

In  columns  of  different  adsorbents,  water-soluble  substances 
also  separate  in  different  sequences.  From  ammoniacal  solution 
bromothymol  blue  is  adsorbed  above  fluorescein  in  columns  of 
Celite  or  of  magnesium  silicate.  In  columns  of  magnesia  plus 
Celite,  in  columns  of  cellulose,  or  in  strips  of  filter  paper  (by 
capillary  analysis)  bromothymol  blue  is  less  adsorbed  than  fluo¬ 
rescein. 

Alteration  of  the  Adsorbent.  Treatment  of  an  adsorbent 
in  different  ways  may  serve  to  invert  the  sequence  of  adsorbed 
substances.  In  columns  of  Celite,  fucoxanthin  is  adsorbed 
above  chlorophyll  a  when  petroleum  ether  plus  about  0.75% 
ethanol  is  employed  as  solvent.  If,  however,  the  Celite  is  mois¬ 
tened  uniformly  with  water  (about  5  to  10%  by  weight)  before  it 
is  packed  into  the  adsorption  tube,  the  fucoxanthin  is  weakly  ad¬ 
sorbed,  forming  a  band  just  below  the  chlorophyll  a.  By  con¬ 
trast,  chlorophyll  a  is  adsorbed  above  fucoxanthin  in  columns  of 
dry  or  of  moist  Celite  when  petroleum  ether  plus  5%  acetone  is 
used  as  solvent. 

Impurities  on  an  adsorbent  sometimes  cause  substances  to  be 
adsorbed  in  different  sequences.  Sugar  used  for  adsorption  of  ex¬ 
tracts  of  plant  material  and  recovered  by  drying  often  retains  im¬ 
purities  in  sufficient  quantities  to  cause  chlorophyll  a  to  be  ad¬ 
sorbed  below  xanthophylls  such  as  fucoxanthin,  zeaxanthin,  and 
lutein  (with  petroleum  ether  as  solvent),  whereas  in  columns  of 
Ifresh  sugar  chlorophyll  a  is  adsorbed  above  these  xanthophylls. 
A  similar  effect  is  obtained  when  sugar  that  has  been  washed 
with  alcohol  is  completely  dried  before  re-use  in  columns. 

Layers  of  Adsorbents.  Layers  of  different  adsorbents  in  a 
single  adsorption  column  may  cause  the  bands  of  adsorbed  com¬ 
pounds  to  alter  their  relative  positions  as  they  are  carried  through 
the  adsorbent.  In  a  column  composed  of  a  deep  lower  layer  of 
magnesia  and  a  shallower  upper  layer  of  sugar,  chlorophyll  a  is 
.adsorbed  below  zeaxanthin  in  the  sugar  layer  but  gradually  be¬ 
comes  adsorbed  above  zeaxanthin  in  the  magnesia  layer  when 
petroleum  ether  plus  0.5%  ethanol  are  employed  as  the  solvent. 

Adsorption  at  Different  Temperatures.  Variation  of  the 
temperature  may  sometimes  change  the  adsorption  sequence. 
At  95°  C.,  lutein  dissolved  in  decalin  plus  0.5%  propanol  is  ad¬ 
sorbed  below  chlorophyll  a  in  columns  of  powdered  sugar.  Under 
similar  conditions  but  at  20°  C.,  lutein  is  adsorbed  above  chloro¬ 
phyll  a.  At  the  higher  temperature,  spontaneous  isomerization 
of  chlorophyll  a  causes  formation  of  a  wide  green  band  which  does 
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Table  II.  Adsorption  Sequences 


Chlorophyll  b,  Fucoxanthin,  and  Zeaxanthin 


Sugar 

1,2-Dichloroethane 

Chlorophyll  b 

Fucoxanthin 

Zeaxanthin 


Sugar 


Petroleum  ether 
+  0.5%  ethanol 
Fucoxanthin 
Chlorophyll  b 
Zeaxanthin 


Magnesia  -f 
Celite  (1  to  1) 

Petroleum  ether 
+  25%  acetone 
Chlorophyll  b 
Zeaxanthin 
Fucoxanthin 


Chlorophyll  a,  Fucoxanthin,  and  Zeaxanthin 


Magnesia  + 
Celite  (1  to  1) 
Petroleum 
ether  + 

3%  ethanol 


Magnesia  +  Sugar 
Celite  (1  to  1) 

Petroleum  Petroleum 

ether  +  ether  -f- 

25%  ace-  0.5%  etha- 

tone  nol 


Chlorophyll  a  Chlorophyll  a  Fucoxanthin 
Fucoxanthin  Zeaxanthin  Zeaxanthin 
Zeaxanthin  Fucoxanthin  Chlorophyll  a 


Chlorophyll  a,  Violaxanthin,  and  Lutein 


Sugar 

1,2-Dichloro 

ethane 


Magnesia  + 
Celite  (1  to 
Petroleum 
ether  + 
25%  ace¬ 
tone 


Sugar 

1) 


Petroleum 
ether  -f- 
0.5%  etha¬ 
nol 


Chlorophyll  a  Chlorophyll  a 
Violaxanthin  Lutein 
Lutein  Violaxanthin 


Violaxanthin 

Lutein 

Chlorophyll  a 


Sugar 

Petroleum 
ether  + 

5%  acetone 
+  0.25% 

ethanol 
Fucoxanthin 
Chlorophyll  a 
Zeaxanthin 


Sugar 

Petroleum 
ether  + 

5%  acetone 
+  0.25% 

ethanol 
Violaxanthin 
Chlorophyll  a 
Lutein 


Fucoxanthin,  Violaxanthin,  and  Zeaxanthin 

Celite  Sugar  Magnesia  -f 

Celite  (1  to  1) 

Petroleum  ether  Petroleum  ether  Petroleum  ether  + 

+  5%  acetone  +  0.5%  ethanol  25%  acetone 
Fucoxanthin  Violaxanthin  Zeaxanthin 

Violaxanthin  Fucoxanthin  Fucoxanthin 

Zeaxanthin  Zeaxanthin  Violaxanthin 


not  separate  into  distinct  bands  of  chlorophyll  a  and  chloro¬ 
phyll  a'  {12). 

At  95°  C.  bromothymol  blue  and  fluorescein,  in  dilute  ammoni¬ 
acal  solution,  pass  through  adsorption  columns  of  magnesium 
silicate  slightly  faster  than  at  20  °C.  At  each  temperature, 
fluorescein  forms  the  lower  band. 

MIXTURES  WITH  SEVERAL  COMPONENTS 

Some  mixtures  of  three  components  have  now  been  separated 
in  three  of  the  six  possible  sequences.  A  few  mixtures  of  three 
components  have  been  resolved  in  four  of  the  six  possible  se¬ 
quences. 

Examples  of  three  sequences  obtained  by  adsorption  of  two 
chlorophylls  and  one  xanthophyll  are  illustrated  in  Table  I. 
These  three  sequences  resulted  from  variation  of  both  solvent 
and  adsorbent.  Similar  sequences  were  observed  in  columns  of 
a  single  adsorbent  by  variation  of  the  solvent  alone.  Thus  far  it 
has  not  been  possible  to  alter  the  relative  adsorbabilities  of  chloro¬ 
phylls  a,  b,  and  d,  which  are  adsorbed  in  the  order  h ,  d,  and  a,  with 
a  being  least  adsorbed  (7). 

Examples  of  three  adsorption  sequences  obtained  by  adsorp¬ 
tion  of  chlorophyll  b  and  the  two  xanthophylls,  fucoxanthin 
and  zeaxanthin,  are  reported  in  Table  II.  Mixtures  of  chloro¬ 
phyll  a  and  these  two  xanthophylls  were  resolved  in  four  of  the 
six  possible  sequences. 

With  mixtures  of  chlorophyll  a,  violaxanthin,  and  lutein,  four 
adsorption  sequences  were  likewise  obtained. 

Mixtures  of  the  three  xanthophylls,  fucoxanthin,  violaxanthin, 
and  zeaxanthin,  were  readily  resolvable,  yielding  three  sequences. 

Adsorption  of  a  mixture  of  two  chlorophylls  and  two  xantho¬ 
phylls  has  yielded  as  many  as  6  of  the  24  possible  sequences,  as 
illustrated  in  Table  III.  Some  of  the  sequences  reported  there 
were  altered  by  very  slight  changes  in  the  concentration  of  alcohol 
in  the  solvent.  In  fact,  different  preparations  of  powdered  sugar 
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Table  III.  Adsorption  Sequences  of  Chlorophyll  b,  Chlorophyll  a,  Fucoxanthin,  and  Zeaxanthin 

Adsorbents  Sugar  Sugar  Magnesia  +  Magnesia  +  Sugar  Celite 

Celite  (1  to  1)  Celite  (1  to  1) 

Solvents  Petroleum  Petroleum  Petroleum  Petroleum  Petroleum  Petroleum 

ether  +1%  ether  +  5%  ether  +  3%  ether  +  ether  +  5%  ether  + 

ethanol  acetone  +  ethanol  25%  acetone  acetone  +  5%  acetone 

ca.  0.75%  ca.  0.5%  +  ca.  0.5% 

ethanol  ethanol  ethanol 

Adsorption  Fucoxanthin  Fucoxanthin  Chlorophyll  b  Chlorophyll  b  Chlorophyll  b  Chlorophyll  b 

sequences  Chlorophyll  b  Chlorophyll  b  Chlorophyll  a  Chlorophyll  a  Fucoxanthin  Fucoxanthin 

Zeaxanthin  Chlorophyll  a  Fucoxanthin  Zeaxanthin  Chlorophyll  a  Zeaxanthin 

Chlorophyll  o  Zeaxanthin  Zeaxanthin  Fucoxanthin  Zeaxanthin  Chlorophyll  a 


required  very  careful  adjustment  of  the  alcohol  concentration  in 
order  to  provide  the  adsorption  sequences  shown  in  the  table. 

By  variation  of  the  amounts  of  alcohol  and  of  acetone  added 
to  petroleum  ether,  fucoxanthin  has  been  made  to  occupy  four 
different  positions  relative  to  the  bands  of  chlorophylls  b,  d,  and  a 
in  columns  of  sugar.  With  petroleum  ether  containing  about 
1%  alcohol,  fucoxanthin  is  adsorbed  above  the  most  adsorbed 
green  pigment,  chlorophyll  b;  with  petroleum  ether  containing 
about  5%  acetone,  fucoxanthin  is  adsorbed  below  the  least  ad¬ 
sorbed  green  pigment,  chlorophyll  a.  At  intermediate  concen¬ 
trations  of  alcohol  and  of  acetone,  fucoxanthin  occupies  positions 
between  chlorophylls  b  and  d  and  between  d  and  a.  These  four 
components  thus  yield  four  sequences. 

In  columns  of  sugar  and  with  petroleum  ether  containing  dif¬ 
ferent  amounts  of  alcohol  and  acetone,  fucoxanthin  has  been 
made  to  occupy  positions  above  and  below  each  of  the  following 
chlorophylls:  b,  b ',  a,  and  o'.  In  this  way  five  components  have 
been  made  to  yield  five  sequences. 

In  all  the  experiments  leading  to  the  results  summarized  in  this 
paper,  relatively  few  adsorbents  and  solvents  were  employed. 
The  ease  with  which  chlorophylls  and  carotenoids  are  decom¬ 
posed  by  many  adsorptive  solids  necessitated  rapid  work  with 
some  adsorbents  and  precluded  the  use  of  many  others.  Further 
investigation  of  the  adsorption  of  these  plant  pigments  will  un¬ 
doubtedly  reveal  additional  adsorption  sequences. 

DISCUSSION 

Variation  of  the  adsorption  sequence  with  changes  of  condi¬ 
tions  in  the  adsorption  columns  demonstrates  the  great  sensi¬ 
tiveness  of  the  chromatographic  adsorption  method.  Substances 
inseparable  under  one  set  of  conditions  may  be  readily  separable 
under  slightly  different  conditions.  If  substances  are  to  be  iden¬ 
tified  and  named  in  relation  to  their  relative  adsorbabilities 
(13,  15),  unusual  care  must  be  exercised  in  the  purification  of 
solvents  and  in  the  preparation  and  description  of  adsorbents. 

In  order  to  be  regarded  as  “chromatographically  homogeneous” 
(9)  substances  should  be  adsorbed  on  a  variety  of  adsorbents 
from  dilute  solution  in  different  solvents  and  solvent  mixtures. 
Determination  of  the  identity  or  nonidentity  of  two  substances 
by  adsorption  of  a  mixture  of  them  upon  Tswett  columns  will  be 
most  conclusive  when  different  solvents  and  adsorbents  are  em¬ 
ployed. 

Reversibility  of  the  adsorption  sequence  often  provides  a  con¬ 
venient  and  rapid  method  for  preparation  of  substances  in  a  high 
state  of  purity,  for  the  purity  of  adsorbed  substances  is  related  to 
the  sequence.  When  a  mixture  of  substances  is  separated  in  a 
Tswett  column,  each  adsorbed  compound  may  be  contaminated 
with  small,  trailing  portions  of  each  less  adsorbed  substance  (4). 
By  contrast,  each  adsorbed  substance  is  entirely  free  of  the  com¬ 
pounds  which  are  adsorbed  above  it  in  the  column.  Consequently 
if  a  substance  which  forms  an  upper  band  can  be  readsorbed  under 
conditions  such  that  it  then  forms  the  least  adsorbed  band  it  will 
be  free  of  the  contaminants. 

Substances  adsorbed  on  a  given  adsorbent  in  one  sequence  from 
one  solvent  and  in  another  sequence  from  another  solvent  can  be 
made  to  occupy  various  intermediate  positions  by  adsorption 


from  mixtures  of  the  two  soi 
vents.  Analogously,  sub 
stances  adsorbed  from  a  give 
solvent  in  one  sequence  i 
columns  of  one  adsorbent  am 
in  another  sequence  in  column 
of  a  second  adsorbent  shout 
be  adsorbable  in  various  intei 
mediate  positions  in  column 
composed  of  mixtures  of  th 
two  adsorbents. 

Variation  of  the  adsorptio: 
sequence  especially  among  compounds  of  the  same  class  indicate 
that  the  relationship  between  adsorbability  and  chemical  struc 
ture  is  much  more  complex  than  was  at  first  supposed.  Ex 
perience  with  the  chlorophylls  and  xanthophylls  suggests  tha 
the  relative  adsorbabilities  depend  upon  competition  of  solvent 
solute,  and  adsorbent  for  one  another.  Adsorbability  of  som 
molecules  is  especially  sensitive  to  the  attraction  between  solven 
and  adsorbent.  Adsorbability  of  other  molecules  appears  to  b 
particularly  dependent  upon  the  attractive  forces  between  sol 
vent  and  solute.  With  some  molecules,  such  as  indicators,  chang 
of  solvent  may  alter  the  molecular  structure  and  the  reactivit; 
of  functional  groups,  thus  affecting  the  adsorbability.  In  stati 
systems,  the  summation  of  these  effects  has  usually  been  ex 
pressed  by  the  adsorption  isotherm,  but  the  relation  between  th. 
adsorption  isotherm  and  the  chemical  structure  of  the  solute  ha 
been  difficult  to  interpret  (1,2). 

Recent  theoretical  and  experimental  work  has  shown  that  th 
rate  of  migration  of  a  solute  through  an  adsorption  column  is  ; 
function  of  the  adsorption  isotherm  (1,  2,  4,  5,  6,  8,  14).  It  fol 
lows,  therefore,  that  the  adsorption  sequence  is  also  a  function  o 
the  adsorption  isotherms  of  the  several  solutes.  Variation  of  th. 
adsorption  sequence  with  different  conditions  in  the  column 
must  result  from  disproportionate  variation  of  the  adsorptioi 
isotherms. 

As  a  rule  the  slope  of  the  adsorption  isotherm  is  more  nearh 
constant  at  low  concentrations  of  solutes  than  at  higher  concen 
trations  (2).  Consequently,  the  adsorption  sequences  should  b. 
subject  to  less  variation  and  the  separation  of  the  bands  from  on. 
another  should  be  more  complete  when  mixtures  of  solutes  ar. 
adsorbed  from  dilute  solution  than  when  adsorbed  from  mor< 
concentrated  solution. 

As  solutes  pass  through  an  adsorption  column  the  bands  widen 
so  that  the  concentration  of  each  solute  decreases  constantly 
The  final  relative  positions  of  the  bands  in  a  long  column  will 
therefore,  be  determined  by  the  slope  of  the  adsorption  isotherm: 
at  low  concentration.  Theoretically,  the  trailing  boundaries  o 
adsorption  bands  provide  a  better  basis  for  estimation  of  the  ad 
sorption  sequences  than  do  the  leading  boundaries  (4,  5),  but  tht 
diffuse  trailing  boundaries  are  usually  more  difficult  to  locatt 
than  the  better  defined  leading  boundaries,  and  they  may  be  dis¬ 
torted  because  of  the  slowness  with  which  the  last  traces  of  solutt 
diffuse  from  porous  particles  of  the  adsorbent. 

The  resolving  power  of  an  adsorption  column  depends  upon  th( 
properties  of  the  adsorbent,  the  solvent,  and  the  solutes.  It  de¬ 
pends  in  part  upon  the  relative  concentration  of  the  solutes,  upor 
the  amount  of  solution  added  to  the  column,  and  presumably 
also  upon  the  temperature.  The  interrelationship  of  these  proper¬ 
ties  and  conditions  is  so  complex  and  the  tendency  of  many  ad¬ 
sorbents  to  combine  irreversibly  with  the  solutes  is  so  commor 
that  the  selection  of  solvents  and  adsorbents  for  the  resolution  ol 
unknown  mixtures  remains  largely  a  matter  of  trial  and  error. 

Conditions  that  fix  the  sequence  of  solutes  in  columns  shoulc 
determine  the  relative  adsorbabilities  of  these  solutes  in  othei 
adsorption  procedures  such  as  the  fractional  adsorption  tech¬ 
nique,  described  by  Craig  and  co-workers  (3),  in  which  equa 
portions  of  the  adsorbent  are  exposed  in  succession  to  one  portior 
of  the  solution  and  then  in  turn  to  successive  portions  of  th< 
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(olvent.  Variation  of  the  adsorbability  may  also  be  utilized  to 
enhance  the  sensitivity  and  to  broaden  the  applicability  of  most 
analytical  methods  based  upon  the  phenomenon  of  adsorption. 
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Determination  of  Chlorine  in 


2/2,-Dihydroxy-5,5/-dichlorodiphenylmethane 


DAVID  M.  JENKINS,  KENNETH  L.  WATERS,  and  GEORGE  D.  BEAL,  Mellon  Institute,  Pittsburgh,  Pa. 


lapid  determination  of  2,2'-dihydroxy-5,5'-dichlorodiphenyl- 
nethane  is  accomplished  by  a  modification  of  the  U.S.P.  XII  method 
or  assay  of  iodophthalein  sodium.  The  compound  is  decomposed 
>y  alkaline  permanganate  solution  and  the  chloride  formed  is  deter- 
nined  by  the  Volhard  titration  or  by  a  photometric  turbidity  method, 
'he  application  of  the  method  for  analysis  of  powders,  emulsions, 
ind  fabrics  is  of  particular  interest. 


IN  CONNECTION  with  work  on  the  compound  2,2'-dihy- 
I  droxy-5,5'-dichlorodiphenylmethane,  an  efficient  mildew-proof- 
ng  agent  ( 5 )  known  also  as  DDM,  or  as  Compound  G-4  to  the 
extile  trade,  it  became  necessary  to  devise  a  rapid  method  of 
malysis  suitable  for  control  operations.  The  procedure  developed 
lepends  upon  the  oxidation  of  DDM  with  alkaline  potassium 
lermanganate  and,  after  acidification,  reduction  of  excess  per- 
nanganate  with  sodium  nitrite.  The  liberated  chloride  is  then 
letermined  by  the  Volhard  (9)  method  or  by  the  photometric 
neasurement  of  the  turbidity  of  silver  chloride  suspensions. 

The  method  generally  used  for  determination  of  this  compound 
s  based  upon  that  of  Willard  and  Thompson  (10)  and  is  unsatis- 
actory  here  because  it  is  a  procedure  for  total  chlorine.  Further- 
nore,  it  involves  a  number  of  steps  which  prolong  the  procedure 
peyond  the  time  available  for  control  analysis.  The  authors  have 
ivoided  these  difficulties,  and  have  developed  a  method  appli- 
lable  to  technical  or  pure  DDM  powders,  solutions,  or  emulsions, 
ind  impregnated  fabrics.  The  behavior  of  organo-iodine  com¬ 
pounds  with  a  method  (2)  similar  to  the  proposed  indicates  that 
irgano-halogen  compounds  which  are  alkali-soluble  and  easily 
txidized  are  included  in  the  reaction;  hence  the  procedure  is  not 
i  specific  test  but  is  admirable  for  control  purposes. 

The  method  here  presented  is  similar  to  that  of  Leclercq  (4), 
ater  modified  by  Butler  and  Burdett  ( 1 ).  The  latter  determined 
odine  in  sodium  tetraiodophenolphthalein  by  oxidation  of  the 
prganic  matter  with  alkaline  potassium  permanganate,  and, 
ifter  acidification,  reduced  the  excess  permanganate  with  sodium 
bisulfite.  The  iodide  was  then  titrated  with  silver  nitrate  and 
he  end  point  detected  with  an  adsorption  indicator.  Excellent 
•esults  were  obtained  which  were  checked  by  the  Pregl  (6)  com¬ 
bustion  method  on  a  semimicro  scale.  The  Butler-Burdett 
nethod  is  now  one  of  the  official  U.S.P.  XII  (8)  procedures  for 
he  determination  of  iodine  in  organic  pharmaceuticals. 

The  determination  of  iodine  in  organic  compounds  by  an  acid 
permanganate  oxidation  is  well  known.  Seeker  and  Mathewson 
(7)  used  an  acid  permanganate  oxidation  to  determine  the  iodine 


content  of  erythrosine.  Of  more  recent  date  is  the  work  of  Clark 
and  Jones  (2)  who  employed  both  an  acid  and  alkaline  perman¬ 
ganate  method  for  the  determination  of  iodine  in  organic  com¬ 
pounds  soluble  in  acids  or  bases.  To  the  knowledge  of  the  authors, 
the  alkaline  permanganate  oxidation  method  has  not  yet  been 
applied  to  the  determination  of  chlorine  in  organic  compounds. 
No  claim  is  made  of  its  general  applicability  to  organic  compounds 
containing  chlorine,  but  it  has  l>een  successfully  applied  to  the 
estimation  of  DDM. 


Table  1. 

Analysis  of  Purified  DDM 

Method 

Chlorine 

Deviation  from  Theory 

% 

% 

Proposed 

26.  12 

-0.24 

Pregl 

26.46 

+  0. 10 

PROCEDURE  FOR  DDM  POWDER 

Place  approximately  0.2  gram  of  DDM  powder,  accurately 
weighed,  into  a  500-ml.  Erlenmeyer  flask  and  dissolve  in  15  ml.  of 
10%  sodium  hydroxide.  Add  35  ml.  of  saturated  potassium  per¬ 
manganate;  the  characteristic  purple  color  of  the  permanganate 
should  persist.  If  the  mixture  is  green,  add  more  saturated  potas¬ 
sium  permanganate.  Add  a  few  glass  beads  to  control  bumping 
and  boil  the  mixture  gently  for  10  minutes.  Cool  under  the  tap 
to  room  temperature  and  add  75  ml.  of  distilled  water  followed 
by  10  ml.  of  concentrated  nitric  acid.  Reduce  the  excess  per¬ 
manganate  immediately  with  10%  sodium  nitrite,  preferably 
added  from  a  buret.  Add  25  ml.  of  0.1  N  silver  nitrate  and  titrate 
the  excess  with  0.1  N  ammonium  thiocyanate,  using  2  ml.  of 
ferric  alum  as  the  indicator. 

Perform  a  blank  determination  with  the  same  quantities  of  the 
same  reagents  and  in  the  same  manner. 

DISCUSSION  OF  METHOD 

The  proposed  method  was  checked  by  analysis  of  both  technical 
and  pure  DDM.  Purified  DDM,  prepared  from  the  technical 
grade  by  three  crystallizations  from  ethylene  dichloride  followed 
by  a  single  crystallization  from  distilled  water,  was  analyzed  by 
the  proposed  method  and  checked  by  a  Pregl  microcombustion 
analysis  (Table  I).  From  the  good  agreement  obtained  with 
these  independent  methods,  it  is  apparent  that  oxidation  of  the 
DDM  is  complete  with  alkaline  permanganate,  and  that  the 
method  is  more  than  sufficiently  accurate  for  control  procedures. 
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Table  II. 

Analysis  of  Technical  DDM 

Per  Cent  DDM 

Sample 

Proposed  method  Pregl  method 

A 

94.2 

99.6 

B 

93.9 

96.4 

Table  III. 

Analysis  of  DDM 

on  Fabric 

Per  Cent  of  DDM  on  Fabric 

Gottlieb-Marsh 

Silver  chloride 

Sample  No. 

method 

turbidity  method 

1 

0.89 

0.84 

0.80 

2 

1.09 

1.04 

1.05 

3 

1.51 

1.56 

1.55 

4 

1,72 

1.68 

1.64 

The  proposed  method  has  been  applied  to  the  analyses  of 
technical  DDM  samples.  An  inspection  of  the  results  ir^  Table 
II  shows  that  analysis  of  technical  DDM  by  total  halogen  deter¬ 
mination  may  lead  to  erroneous  conclusions  as  to  the  DDM 
content.  The  lower  DDM  values  obtained  by  the  proposed 
method  compared  with  those  obtained  by  Pregl  microcombustion 
analysis  would  indicate  the  presence  in  technical  DDM  of  organic 
halogen  compounds  which  were  not  oxidized  by  the  alkaline  per¬ 
manganate  method.  A  check  of  these  technical  DDM  samples 
revealed  a  negligible  amount  of  inorganic  halogen  present. 

ANALYSIS  OF  EMULSIONS 

The  analysis  of  emulsions  containing  DDM,  frequently  used 
to  impart  water-repellency  as  well  as  mildew-proofness  to  fabrics, 
requires  little  change  in  the  procedure  described  previously  for 
DDM  powder.  For  the  purpose  of  choosing  a  sample  weight  or 
aliquot  volume,  0. 1  gram  of  DDM  requires  7.43  ml.  of  0. 1  N  silver 
nitrate.  The  wax  used  in  these  emulsions  presents  no  difficulty, 
since  it  readily  separates  to  the  surface  during  oxidation  and 
does  not  interfere  with  the  final  titration. 

ANALYSIS  OF  FABRICS 

Because  of  the  small  quantity  of  DDM  generally  applied  to 
fabrics,  the  chloride  content  of  the  oxidized  extract  does  not  per¬ 
mit  convenient  titration.  However,  the  liberated  chloride  is 
readily  determined  by  photometric  methods.  The  acidity  of  the 
solution  following  addition  of  sodium  nitrite  is  adjusted  so  that 
the  silver  chloride  is  maintained  in  suspension.  The  turbidity  of 
this  suspension  is  then  measured  with  a  suitable  photometer — a 
Fisher  electrophotometer  was  employed  in  the  work  presented 
here — and  the  DDM  content  determined  by  reference  to  a 
standard  calibration  curve. 

Solutions.  Nitric  acid,  1  to  4.  Dilute  50  ml.  of  concentrated 
nitric  acid,  sp.  gr.  1.42,  with  150  ml.  of  distilled  water. 

Sodium  carbonate,  0.025%.  Dissolve  0.5  gram  of  anhydrous 
sodium  carbonate  in  2  liters  of  distilled  water. 

Sodium  hydroxide,  2.5%.  Dissolve  5  grams  of  sodium  hy¬ 
droxide  in  195  ml.  of  distilled  water. 

Phenolphthalein  indicator,  0.5%.  Dissolve  0.5  gram  of  phenol- 
phthalein  in  100  ml.  of  95%  ethyl  alcohol. 

Standard  Curve.  Since  the  logarithm  of  the  transmittance 
of  silver  chloride  suspensions  is  an  inverse  and  very  nearly  linear 
function  of  the  turbidity,  four  determinations  are  adequate  to 
establish  the  curve.  To  illustrate  this  point,  2,  4,  6,  10,  and  15 
mg.  of  DDM  in  a  final  volume  of  200  ml.  gave  respective  photo¬ 
metric  logarithmic  readings  (corrected  for  reagent  blank)  of  9.8, 
18.0,  28.1,  48.1,  and  74.  Establish  the  curve  by  first  dissolving 
500  mg.  of  DDM  in  sufficient  2.5%  sodium  hydroxide  to  make  100 
ml.  ol  solution.  Use  suitable  aliquots  of  this  solution,  containing 
5  mg.  of  DDM  per  ml.,  to  cover  the  range  of  2  to  15  mg.  The  pro¬ 
cedure  followed  is  exactly  as  described  below  for  the  fabric  ex¬ 
tract. 


Fabric  Analysis.  Weigh  a  2-gram  sample  of  the  very  finel 
cut  fabric  to  the  nearest  milligram  and  place  in  a  150-ml.  beakei 
Extract  three  times  with  successive  50-ml.  portions  of  0.025') 
sodium  carbonate  by  boiling  gently  for  5  minutes  and  decantin 
the  hot  solution  into  a  200-ml.  Pyrex  volumetric  flask.  Wash  th 
extracted  fabric  twice  with  15-ml.  portions  of  0.025%  sodiur 
carbonate  and  combine  with  the  extract  solution.  Dilute  to  th 
mark  with  0.025%  sodium  carbonate  after  the  flask  has  coole 
to  room  temperature.  Filter  about  50  ml.  through  a  dry  filtei 
Then  follow  the  oxidation  procedure  for  analysis  of  DDM  powde 
with  these  exceptions:  Use  a  25-ml.  aliquot  of  the  filtrate;  reduc 
the  volume  of  saturated  potassium  permanganate  to  25  ml 
omit  the  dilution  with  water  after  oxidation.  Following  reduc 
tion  of  the  excess  permanganate  with  10%  sodium  nitrite,  add 
few  drops  of  phenolphthalein  indicator  and  then  sufficient  109 
sodium  hydroxide  to  produce  a  faint  pink  color.  Acidify  with  1 
ml.  of  1  to  4  nitric  acid  and  transfer  to  a  200-ml.  volumetric  flasl 
Cool  to  room  temperature,  add  4  ml.  of  0.1  N  silver  nitrate  dilut 
to  the  mark  with  distilled  water,  and  invert  the  flask  several  times 
Let  stand  10  minutes  and  read  with  the  Fisher  electrophotometei 
using  a  525  filter. 

With  the  above  procedure  it  is  necessary  to  establish  tw 
blank  values — extract  blank  and  reagent  blank.  For  the  extrac 
blank,  pipet  a  25-ml.  aliquot  of  the  filtrate  into  a  200-ml.  voli 
metric  flask,  add  125  ml.  of  0.025%  sodium  carbonate,  10  ml.  c 
1  to  4  nitric  acid,  and  4  ml.  of  0.1  N  silver  nitrate,  and  dilute  t 
the  mark.  Invert  the  flask  several  times  and  read  after  10  mir 
utes.  This  extract  blank,  representing  inorganic  chloride,  is  fre 
quently  negligible.  For  the  reagent  blank,  follow  the  procedur 
described  above,  omitting  the  25-ml.  extract  aliquot.  This  re 
agent  blank  value  need  be  determined  only  once  for  a  set  of  re 
agents. 


The  extract  procedure  above  described  is  essentially  the  sam 
as  that  developed  by  Gottlieb  and  Marsh  ( 3 )  for  the  determine 
tion  of  DDM  by  the  color  reaction  with  4-aminoantipyrine  in  th 
presence  of  potassium  ferricyanide  and  dilute  sodium  carbonate 
Table  III  gives  the  comparative  results  obtained  from  analysi 
of  four  samples  of  fabric  by  the  Gottlieb-Marsh  colorimetric  an 
silver  chloride  turbidity  methods. 


CONCLUSIONS 

The  alkaline  permanganate  procedure  used  successfully  for  th 
analysis  of  certain  organic  iodine  compounds  has  been  adapte 
for  the  routine  analysis  of  DDM.  Analysis  of  purified  DDD 
indicates  the  reaction  is  complete,  as  substantiated  by  a  Prej 
microcombustion  analysis.  The  alkaline  permanganate  metho 
appears  to  be  of  particular  value  in  the  analysis  of  technical  DDD 
which  has  organic  chlorine-containing  impurities.  Analysis  c 
such  technical  material  indicates  that  these  impurities  are  not  a 
susceptible  to  oxidation  by  the  proposed  method  as  by  the  Prej 
microcombustion  total  halogen  method.  Of  further  particula 
interest  is  the  applicability  of  the  described  method  for  analys: 
of  powders,  emulsions,  and  fabrics  containing  DDM. 
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Viscosities  of  Pure  Hydrocarbons 

J.  M.  GEIST1  and  M.  R.  CANNON 

School  of  Chemistry  and  Physics,  The  Pennsylvania  State  College,  State  College,  Pa. 


“HE  purpose  of  this  paper  is  to  record  the  viscosities  of  pure 
hydrocarbons. 

The  viscosities  were  determined  in  several  viscometers  of  the 
pe  shown  as  Figure  1,  which  is  but  a  slight  modification  of  the 
pe  previously  recommended  for  nonviscous  materials  (4). 


er  this  work  was  finished  it  was  found  that  the  viscometer 
iwn  as  Figure  2  is  faster  to  use  and  just  as  accurate,  and  it  is 
ng  used  in  extending  this  work.  For  viscous  liquids  above 
I  centipoises  it  is  more  accurate  because  the  larger  diameter  and 
er  reservoir  reduces  the  effect  of  drainage  on  the  driving  fluid 
d.  It  is  used  in  the  manner  described  previously  (4).  For 
low  viscosity  data  reported  here,  this  drainage  effect  is  below 

5%. 

"he  most  troublesome  source  of  error  in  the  viscosity  range 
3W  2  centipoises  is  the  so-called  “kinetic  energy”  error.  This 
i  kept  small  by  so  designing  the  viscometers  that  velocities 
e  kept  low  enough  to  prevent  this  correction  from  exceeding 
7o-  As  the  probable  error  in  making  this  correction  is  of  the 
er  of  ±20%,  a  net  error  of  0.04%  may  occur  from  this  source. 
ier  sources  of  error  in  viscosity  measurements  have  been  dis¬ 
ced  in  detail  (4) . 

he  type  C  viscometer  shown  as  Figure  1  is  loaded  as  pre- 
islv  described  (4).  A  slight  excess  of  0.2  or  0.3  cc.  is  then 
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added  to  the  instrument  which  is  placed  in  an  accurately  con¬ 
trolled  constant-temperature  bath.  The  0°  C.  bath  was  con¬ 
trolled  to  within  =*=  0.05°  C.  while  the  20°  C..  and  40°  C.  baths 
were  controlled  to  within  ±0.01°  C.  When  bath  temperature 
is  attained,  slight  pressure  is  applied  to  the  wide  arm  of  the  vis¬ 
cometer  and  the  bottom  of  the  meniscus  is  brought  to  etched 
line  A.  The  slight  excess  liquid  is  then  wiped  from  the  capillary 
arm.  The  excess  so  removed  will  be  somewhat  different  from 
the  excess  charged,  because  the  volume  of  liquid  will  change  in 
going  from  ‘room  temperature  to  the  test  temperature  of  the 
bath.  This  simple  technique  allows  the  same  viscometer  con¬ 
stant  to  be  used  over  a  wide  temperature  range,  although  other 
methods  of  making  the  necessary  slight  corrections  in  the  vis¬ 
cometer  constant  for  each  temperature  are  satisfactory.  The 
viscometers  were  calibrated  with  distilled  water  at  20°  C.  and 
checked  by  hydrocarbons  which  had  been  standardized  in  master 
viscometers  ( 3 ).  The  viscosity  of  the  test  sample  is  obtained 
lay  multiplying  the  efflux  time  in  seconds  (the  efflux  volume  timed 
is  that  between  lines  B  and  C )  by  the  viscometer  constant.  This 
yields  kinematic  viscosity  in  centistokes,  which  in  turn  must  be 
multiplied  by  density  in  order  to  obtain  absolute  viscosity  in 
centipoises. 


Figure  2.  Type  E  Viscometer 


All  samples  were  tested  with  two  separate  viscometers  and 
stop  watches.  The  stop  watches  were  spring-wound  and 
tested  against  a  large  electric  clock  operated  by  constant-fre¬ 
quency  constant-voltage  power.  The  spring-wound  stop  watches 
were  found  more  reliable  than  several  types  of  electric  stop 
clocks  which  operate  by  a  magnetic  clutch  engaging  and  disen¬ 
gaging  a  constant-speed  rotor.  In  these  the  clutch  frequently 
slips  and  sometimes  fails  to  make  a  sharp  disengagement,  so  that 
the  clock  drifts  past  the  true  stopping  point.  The  correction 
necessary  on  the  spring-wound  stop  watches  employed  never 
exceeded  0.05%. 


611 


612 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  18,  No 


Table  I.  Viscosities  of  Octanes 

(Listed  in  decreasing  value  at  20°  C.) 


Density 

Hydrocarbon  0°  C.  20°  C.  40°  C. 


Gram  per  cc. 

2,2,3,3-Tetrameth3dbutane 

Solid 

Solid 

Solid 

2,3,3-Trimethylpentane 

0.741 

0.726 

0 

.711 

2,2,3-Trimethylpentane 

0.731 

0.715 

0 

.699 

3-Methyl-3-ethylpentane 

0.742 

0.727 

0 

.712 

2,3,4-Trimethylpentane 

0.734 

0.719 

0 

.703 

n-Octane 

0.718 

0.712 

0 

.686 

2,2-Dimethylhexane 

0.711 

0.695 

0 

.679 

2,2,4-Trimethylpentane 

0.707 

0.691 

0 

.675 

2-Methylh  ep  tane 

0.713 

0.698 

0 

.681 

3 ,3-Dimethylhexane 

0.726 

0.710 

0 

.694 

2,3-Dimethylhexane 

0.729 

0.713 

0. 

.697 

3,4-Dimethylhexane 

0.734 

0.718 

0. 

703 

3-Methylheptane 

0.721 

0.705 

0. 

689 

2-Methyl-3-ethylpentane 

0.735 

0.719 

0. 

702 

2,5-Dimethylhexane 

0.710 

0.693 

0. 

677 

4-Methylheptane 

0.720 

0.704 

0. 

689 

2,4-Dimethylhexane 

0.716 

0.700 

0. 

683 

3-Ethylhexane 

0.729 

0.714 

0. 

697 

Kinematic  Viscosity  Absolute  Viscosity 


0°  C. 

20°  C. 

40°  C. 

b 

o 

O 

20°  C. 

40°  C. 

Centistokes , 

Centipoise, 

cm1.  . 

X  sec. 

X  10-1 

g.  X  cm. 

-1  X  sec.~l 

X  10-1 

Solid 

Solid 

Solid 

Solid 

Solid 

Solid 

1.227 

0.933 

0.739 

0.909 

0.677 

0.525 

1.074 

0.836 

0.674 

0.785 

0.598 

0.471 

1.034 

0.799 

0.642 

0.768 

0.581 

0.457 

0.969 

0.764 

0.624 

0.712 

0.549 

0.438 

0.985 

0.771 

0.626 

0.707 

0.542 

0.429 

0.975 

0.758 

0.611 

0.694 

0.527 

0.414 

0.917 

0.738 

0.598 

0.649 

0.504 

0.403 

0.909 

0.717 

0.586 

0.648 

0.500 

0.399 

0.890 

0.703 

0.575 

0 . 645 

0.499 

0.399 

0.881 

0.698 

0.571 

0.643 

0.497 

0.398 

0.862 

0.686 

0.564 

0.633 

0.493 

0.396 

0.886 

0.697 

0.570 

0.639 

0.492 

0.393 

'0 . 856 

0.678 

0.556 

0.628 

0.488 

0.390 

0.883 

0.698 

0.571 

0.626 

0.484 

0.386 

0.829 

0.659 

0.542 

0.597 

0.464 

0.373 

0.824 

0.658 

0.542 

0.590 

0.461 

0.370 

0.799 

0.635 

0.523 

0.583 

0.453 

0.364 

and  one  compound  may 
compared  with  another 
that  degree  of  precision. 

The  viscosities  of 
eighteen  isomeric  octanes 
listed  in  Table  I  accorq 
to  decreasing  absolute 
cosity  at  20°  C.  Many 
the  compounds  have  wic 
different  viscosity  tempi 
ture  coefficients;  thus 
20°  C.  the  absolute 
cosity  of  3,4-dimethylhex 
is  higher  than  that  of 
methylheptane,  but  the  revi 
is  true  at  0  °  C. 

From  a  study  of  Tal 
II  and  III  it  is  seen  t 


Table  II.  Viscosities  of  Some  5-,  6-,  and  7-Carbon  Hydrocarbons 


Hydrocarbon 


n-Pentane 

Isopentane 

Cyclopentane 

n-Hexane 

2- Methylpentane 

3- Methylpentane 

2.3- Dimethylbutane 
Methylcyclopentane 
Cyclohexane 
Cyclohexene 
Benzene 
n-Heptane 

2.2.3- Trimethylbutane 
Ethylcyclopentane 
Methylcyclohexane 
Toluene 


Density 


O' 

°  C. 

20°  C. 

40°  C. 

Gram 

:  per 

CC. 

0 

.644 

0 

.626 

Vapor 

0 

.638 

0 

.619 

Vapor 

0 

.764 

0 

.745 

0 

.726 

0 

.677 

0. 

659 

0 

.641 

0 

.671 

0. 

653 

0. 

.635 

0 

.681 

0. 

664 

0. 

.646 

0 

.679 

0. 

661 

0. 

.642 

0. 

.766 

0. 

748 

0. 

730 

Solid 

0. 

778 

0. 

.759 

0 

.831 

0. 

813 

0. 

794 

Solid 

0. 

879 

0. 

857 

0 

700 

0. 

683 

0. 

666 

0. 

707 

0. 

690 

0. 

673 

0 

.783 

0. 

766 

0. 

.749 

0. 

787 

0. 

769 

0. 

753 

0. 

883 

0. 

865 

0. 

848 

Kinematic  Viscosity 


0°  C. 

20°  C. 

40°  C. 

Centistokes 

0.426 

0.362 

Vapor 

0.435 

0.363 

Vapor 

0.728 

0.590 

0.489 

0.564 

0.468 

0.397 

0.523 

0.437 

0.372 

0.544 

0.451 

0.382 

0.626 

0.508 

0.422 

0.848 

0.677 

0.555 

Solid 

1.259 

0.926 

1.066 

0.816 

0.653 

Solid 

0.739 

0.573 

0.745 

0.602 

0.499 

1 . 141 

0.853 

0.668 

0.928 

0.740 

0.609 

1.263 

0.954 

0.750 

0.878 

0.676 

0.549 

Absolute  Viscosity 


0°  C. 

20°  C. 
Centipoises 

40°  C. 

0.274 

0.227 

Vapor 

0.278 

9.225 

Vapor 

0.555 

0.440 

0 . 355 

0.382 

0.308 

0.254 

0.351 

0.286 

0.237 

0.371 

0.299 

0.247 

0.425 

0.336 

0.271 

0.650 

0.507 

0.405 

Solid 

0.980 

0.703 

0.886 

0.664 

0.518 

Solid 

0.649 

0.492 

0.521 

0.411 

0.333 

0.806 

0.589 

0.449 

0.726 

0.567 

0 . 456 

0.993 

0.734 

0.564 

0.774 

0.585 

0.465 

in  general  cyclic  compou 
have  higher  viscosities  a 
given  temperature  than  pa 
finic  compounds  with 
same  number  '  of  carl 
atoms.  The  cis  compou 
listed  have  higher  viscosi 
than  the  trans,  and  in  gen 
the  alkylcyclohexanes  are  m 
viscous  than  the  correspo 
ing  alkylbenzenes. 

Andrade  and  others 
6)  have  correlated  visco; 
with  temperature  by  me 
of  the  following  equation: 


Table  III.  Viscosities  of  Some  8- 


Density 


Hydrocarbon 

0 

°  c. 

20°  C. 

40°  C. 

Grams  per 

CC. 

o-Xylene 

0 

.897 

0 

.880 

0 

.862 

m-Xylene 

0 

.881 

0 

.864 

0 

.847 

p-Xylene 

Solid 

0 

.861 

0 

.84.3 

Ethylbenzene 

0 

.886 

0 

.868 

0 

.851 

Ethvlcyclohexane 

0 

.804 

0 

.788 

0 

.772 

cis-l,2-Dimethyleyclohexane 

0 

.812 

0 

.796 

0 

.780 

£rans-l,2-Dimethylcyclohexane 

0 

.791 

0 

.776 

0 

.760 

cis-l,3-Dimethylcyclohexane 

0 

.802 

0 

.785 

0 

.769 

£rans-l,3-Dimethylcvclohexane 

0. 

.782 

0 

.766 

0 

.750 

cis-l  ,4-Dimethvlcyeiohexane 

0. 

.799 

0 

.783 

0 

.766 

^rans-1 ,4-Dimethylcyclohexane 

0. 

779 

0. 

762 

0. 

746 

p-Propylcyclopentane 

0. 

792 

0. 

776 

0 

756 

Isopropvlcyclopentane 

0. 

792 

0. 

776 

0. 

761 

1 , 1 ,3-T  rimethyleyclohexane 

0. 

794 

0. 

778 

0. 

763 

n-Propyleyclohexane 

0. 

809 

0. 

793 

0. 

778 

Isopropylcyclohexane 

0. 

817 

0. 

803 

0. 

786 

n-Propylbenzene 

0. 

878 

0. 

862 

0. 

845 

Isopropylbenzene 

0. 

879 

0. 

862 

0. 

845 

2-Methylnonane 

0. 

742 

0. 

727 

0. 

712 

3-Methylnonane 

0. 

747 

0. 

733 

0. 

718 

4-Methylnonane 

0. 

747 

0. 

732 

0. 

716 

5-Methylnonane 

0. 

747 

0. 

732 

0. 

717 

9-,  and  10-Carbon  Hydrocarbons 


Kinematic  Viscosity  Absolute  Viscosity 


0°  C. 

20°  C. 

Centistokes 

40°  c: 

0°  c. 

20°  C. 

Centipoises 

40°  C. 

1.240 

0.922 

0.723 

1.111 

0.811 

0.624 

0.916 

0.714 

0.581 

0.807 

0.617 

0.402 

Solid 

0.748 

0.602 

Solid 

0.643 

0.507 

1.010 

0.781 

0.631 

0.895 

0.678 

0.536 

1.420 

1.068 

0.842 

1.142 

0.842 

0  651 

1.988 

1.399 

1.048 

1.615 

1.114 

0.818 

1.404 

1.053 

0.825 

1.111 

0.817 

0.627 

1 . 501 

1.103 

0.850 

1.203 

0.866 

1.063 

0.825 

0.667 

0.831 

0.631 

0.500 

1 . 531 

1.119 

0.861 

1.224 

0.875 

0  659 

1.222 

0.926 

0.733 

0.951 

0.706 

0.547 

1.123 

0.877 

0.711 

0.889 

0.681 

0  540 

1.162 

0.909 

0.735 

0.920 

0.706 

0.559 

1 . 510 

1.120 

0.871 

1.199 

0.873 

0.664 

1.744 

1.268 

0.976 

1.410 

1.005 

0.759 

1.880 

1.369 

1.049 

1.535 

1.097 

0  824 

1.348 

0.995 

0.778 

1.183 

0.857 

0.657 

1.226 

0.917 

0 . 725 

1.077 

0.790 

0.613 

1 . 644 

1.199 

0.925 

1.220 

0.872 

0.659 

1.582 

1.159 

0.898 

1.182 

0.849 

0.645 

1.498 

1.100 

0.854 

1.118 

0.804 

0  612 

1.526 

1.116 

0.866 

1.140 

0.816 

0.620 

V  =  A(e)B/RT 

where  p  =  viscosity  in  ce 
poises 

R  =  gas  constant 

T  =  absolute  tempi 
ture 

e  =  natural  logarit 
base 

A  and  B  =  consta 
for  a  given  ci 
pound 

With  the  data  listed 
Table  I  the  values  of  A  i 
B  were  determined  for  2,1 
trimethylpentane,  and  i 
cosities  at  other  temperatu 
were  then  calculated.  Evi 


The  viscosities' obtained  in  the  separate  viscometers  were  in 
disagreement  by  less  than  0.1%.  Efflux  times  were  maintained 
above  200  seconds  in  order  to  make  accurate  time  measurements 
possible  as  well  as  keep  the  kinetic  energy  error  low.  The  ac¬ 
curacy  of  the  viscosity  data  is  dependent  upon  the  accuracy  to 
which  the  viscosity  of  water  at  20°  C.  is  known,  since  it  was 
employed  as  the  primary  calibrating  liquid.  A  value  of  1.007 
centistokes  was  used,  as  recommended  by  the  American  Society 
of  Testing  Materials  (1).  Because  of  the  great  difficulties  in 
determining  absolute  viscosities,  the  error  inherent  in  the  1.007 
value  may  be  of  the  order  of  ±0.5%. 

However,  the  precision  of  the  data  recorded  here  is  ±0.1%. 
Therefore,  while  absolute  viscosities  may  be  in  error  by  as  much 
as  0.5%,  the  comparative  viscosities  are  in  error  by  only  0.1% 


— — ■■  (5)  measured  the  viscosit 

of  this  compound  at  seve 
temperatures;  hence  it 
possible  to  compare  the  calculated  values  with  measured  val 
(Table  IV). 


Table  IV.  Viscosity  of  2,2,4-Trimethylpentane 


Temperature 

Observed  Viscosity, 
Evans 

Calculated  Viscosity, 
Andrade  Equation 

°  C. 

Centipoise 

Centipoise 

5 

0.608 

0.607 

15 

0.534 

0.535 

30 

0.447 

0. 4491 

45 

0.380 

0.383 

60 

0.327 

0.331 

75 

0.284 

0.290 

90 

0.248 

0.257 
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chromatographic  procedure  is  described  for  the  separation  of  p- 
nzoquinone  monoxime  from  p-benzoquinone  dioxime  and  prod- 
ts  of  side  reactions  which  take  place  during  the  nitrosation  of 
enol  and  oximation.  The  sample  is  dissolved  in  acetone  and 
sorbed  on  a  column  of  activated  alumina.  The  monoxime  forms  a 
lliant  green  band  which  is  removed  from  the  column  and  eluted 
:h  aqueous  sodium  hydroxide.  The  concentration  is  determined 
spectrophotometric  mea  urements  at  363  and  399  m/r.  The 
omatographic  resolution  and  optical  properties  of  the  ortho  iso- 
rs  are  also  discussed. 

iOTH  p-benzoquinone  dioxime  and  its  derivatives  have  been 
|(  used  for  the  nonsulfur  vulcanization  of  rubber  (8),  and  are 
current  interest  for  the  vulcanization  of  GR-I.  The  parent 
npound  is  usually  formed  by  the  nitrosation  of  phenol  (17), 
lowed  by  oximation  (12). 

OH  +  HN02  — ^  ON  <(  ^  OH  : 

NOH  =  <^==N>  =  O  +  H2NOH  — > 

HON  =  ==  NOH 

During  the  course  of  work  on  the  preparation  of  this  material 
Ivas  of  interest  to  follow  the  rate  of  oximation,  and  determine 
I  concentration  of  unreacted  monoxime  in  the  final  product. 
\s  this  substance  is  tautomeric  with  p-nitrosophenol,  a  method 
cribed  by  Clauser  (5)  for  the  determination  of  the  nitroso 
up  by  reaction  with  phenylhydrazine  and  measurement  of 
Ived  nitrogen  was  investigated.  However,  under  these  eon- 
ons  a  large  volume  of  gas  is  obtained  from  the  dioxime.  Both 
lpounds  are  reduced  by  potassium  iodide  in  hydrochloric  acid 
ition  (6),  but  the  reduction  of  the  monoxime  proceeds  more 
idly.  This  suggested  the  possibility  of  a  polarographic  anal- 
l  At  a  pH  of  7.0  in  a  phosphate  buffer,  the  half-wave  poten- 
of  the  monoxime  was  found  to  be  0.15  volt  more  positive  than 
t  of  the  dioxime,  and  on  solutions  of  the  pure  compounds,  the 
msion  currents  are  well  defined.  However,  an  unresolved 
ve  is  usually  obtained  on  the  crude  product,  owing  to  an  un- 
lorable  concentration  ratio  and  the  presence  of  other  electro- 
ucible  materials  in  the  mixture. 

-Benzoquinone  monoxime  is  readily  soluble  in  dilute  sodium 
Iroxide  with  the  formation  of  the  sodium  salt,  which  is  be- 
I  ed  to  exist  largely  in  the  ionized  quinone  oxime  form  (1,  10). 

•“  principal  absorption  maximum  of  the  ion  is  at  399  m^  (Figure 


1),  while  that  of  the  neutral  molecule  in  acid  solution  is  at 
301.5  mp.  Anderson  and  Yanke  (1)  point  out  that  the  absorption 
spectrum  of  the  system  is  sensitive  to  changes  in  hydrogen-ion 
concentration  between  pH  3  and  7  and  is  independent  of  this 
factor  in  more  strongly  acid  o'r  alkaline  solutions.  In  order  to 
ensure  reproducibility  of  the  extinction  coefficients,  and  provide  a 
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Figure  1 .  Absorption  Spectra  of  Quinone 
Oximes  in  0.1  N  Aqueous  Sodium  Hydroxide 
Solution 


I.  p-Bemoquinone  monoxime 

II.  p-Benzoquinone  dioxime 


medium  in  which  the  product  is  sufficiently  soluble,  the  quantita¬ 
tive  measurements  described  in  this  paper  were  made  in  0.1  N 
sodium  hydroxide  solution.  Quinone  dioxime  behaves  in  an 
analogous  manner.  The  principal  maximum  attributable  to  the 
free  ion  is  at  363  m/z  (Figure  1),  while  that  of  the  neutral  molecule 
occurs  at  317  mp  (Figure  2).  As  both  compounds  obey  the  Beer- 
Lambert  law  within  experimental  error,  a  direct  calculation  of  the 
composition  of  a  binary  mixture  is  possible  from  optical  readings 
made  at  363  and  399  m/z  on  solutions  of  the  sodium  salts,  provid¬ 
ing  no  interfering  substances  are  present  and  the  concentration 
ratio  is  favorable.  As  these  conditions  cannot  be  predicted,  and 
in  general  are  not  satisfied,  it  is  necessary  to  remove  the  products 
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of  side  reactions  which  take  place  during  the  nitrosation  of  phenol 
and  concentrate  the  monoxime  at  the  expense  of  the  dioxime  with¬ 
out  loss  of  the  former. 

When  a  solution  of  the  crude  oximation  product  in  acetone  is 
percolated  through  a  column  containing  activated  alumina,  the 
constituents  of  the  mixture  adsorb  in  easily  distinguishable  zones 
which  can  be  further  resolved  by  washing  the  column  with  a 
more  polar  solvent.  The  monoxime  forms  a  green  zone,  while 
the  dioxime  forms  a  brilliant  yellow  zone.  The  schematic  dia¬ 
gram  (Figure  3)  illustrates  the  separations  normally  obtained. 
Band  I  is  dark  brown  in  color,  and  contains  an  amorphous  ma¬ 
terial  of  indefinite  composition  produced  by  resinification  of  the 
monoxime  (17).  Band  II  contains  p-benzoquinone  monoxime, 
and  Band  III,  p-benzoquinone  dioxime.  In  the  lower  section  of 
the  column,  narrow  blue,  red,  and  yellow  bands  appear  which  are 
completely  removed  from  the  column  during  development  with 
solvent.  The  initial  fraction  of  the  percolate  is  orange  yellow  in 
color,  and  contains  substances  not  readily  adsorbed  from  acetone 
by  alumina.  On  evaporation  of  the  solvent  and  readsorption 
from  petroleum  ether,  these  materials  can  be  further  resolved. 

The  green  zone  containing  quinone  monoxime  initially  forms 
directly  below  the  brown  resinous  material  and  is  not  readily 
separated  from  it  by  continued  washing.  Complete  resolution 
is  achieved  by  treatment  of  the  column  with  a  dilute  solution  of 
acetic  acid  in  acetone.  The  acid  is  adsorbed  less  strongly  than 
the  resinous  material,  and  more  strongly  than  the  monoxime 
which  results  in  the  formation  of  a  colorless  zone  between  the  two 
materials.  The  development  of  the  column  is  completed  by 
washing  with  300  ml.  of  a  5%  solution  of  methanol  in  acetone. 
The  effect  of  this  solvent  is  to  wrash  the  low'er  zones  and  part  of 
the  dioxime  into  the  percolate,  and  improve  the  separation  of  the 
oximes.  At  the  end  of  this  treatment  the  green  zone  contains  all 
of  the  monoxime  but  is  contaminated  with  20  to  35%  dioxime 
which  is  not  readily  removed  by  further  washing.  As  a  spectro- 
photometric  correction  can  be  made  for  residual  dioxime,  a  com¬ 
plete  separation  is  unnecessary.  The  analytical  values  in  Table  I 
show  that  after  300  ml.  of  solvent  have  been  used  the  results  are 
independent  of  the  volume  of  solvent  used  in  developing  the 
chromatogram  and  the  purity  of  the  zone. 


s. 

tu 
1 — 
o 


k 

k 

& 


O 

<o 


k 

k 


"j 

o 

k 


O 


CD 

O 

^1 


540  460  380  300  220 

MILLIMICRONS 


Figure  2.  Absorption  Spectra  of  Quinone 
Oximes  in  0.1  N  Aqueous  Sulfuric  Acid 
Solutions 


I.  p-Benzoquinone  monoxime 

II.  p-Benzoquinone  dioxime 


The  analysis  is  completed  by  separating  the  adsorbent  con¬ 
taining  monoxime  from  the  rest  of  the  column  and  eluting  it  with 
aqueous  sodium  hydroxide.  A  yellow-brown  solution  is  obtained 
on  which  the  monoxime  content  is  determined  by  absorption 
measurements  at  399  and  363  m,u.  In  making  the  analysis  as 
outlined,  low  results  are  obtained  owdng  to  incomplete  elution  of 
the  material  from  the  adsorbent.  Experiments  made  on  the 
pure  compound  indicate  that  the  average  recovery  is  95.0  ± 
0.8%.  When  this  factor  is  incorporated  into  the  calculations, 
results  close  to  theory  are  obtained. 


BROWN  BAND 

STRONGLY  ADSORBED  RESINOUS  MATERIALS 


GREEN  BAND 

p  ■  BENZOQUINONE  MONOXIME 


YELLOW  BAND 

P  -  BENZOQUINONE  DIOXIME 


BLUE  RED  AND  YELLOW  BANDS 
WEAKLY  ADSORBED  IMPURITIES 


YELLOW  ORANGE  PERCOLATE 
NON  ADSORBABLE  IMPURITIES 


Figure  3.  Chromatographic  Resolution  of  Crude 
p-Benzoquinone  Dioxime 
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Table  I.  Effect  of  Volume  of  Solvent  Used  in  Development 
Chromatogram  on  Results  of  Monoxime  Analysis  and  Purity  of  Zc 


Solvent 

Monoxime 

Found 

Dioxime  in 
Monoxime  Zone 

Ml. 

% 

% 

0 

4.9 

72 

100 

5.5 

28 

200 

5.4 

34 

300 

5.6 

23 

500 

5.6 

25 

800 

5.6 

35 

1000 

5.6 

20 

Table  II.  Analytical  Constants 

Compound 

K  at  399  mil  Slit  Setting 
Mm. 

K  at  363  m/j. 

Slit  Sett 
Mnt. 

p-Benzoquinone 

monoxime 

224  0.10 

109 

0.15 

p-Benzoquinone 

dioxime 

283  0.10 

65.7 

0.15 

Per  cent  monoxime 


100  V  (K'xzDm  -  K\ iDx,) 
GF  (K'mK\ i  -  K'mKm) 


where  D\ i  and  D\ 2  are  the  measured  optical  densities  at  399  £ 
363  mu,  G  is  the  sample  wreight,  T'  is  the  volume  in  liters  to  wh 
the  solution  is  diluted,  K'\ i  and  K\ 2  are  the  specific  extinction 
efficients  of  the  monoxime  at  399  and  363  m/r,  K'\ i  and  K'\ 2 
the  specific  extinction  coefficients  of  the  dioxime  at  399  and  1 
m/n,  and  F  is  the  decimal  per  cent  monoxime  recoverable  af 
adsorption  on  alumina. 


This  equation  is  a  modification  of  the  type  generally  used  in 
spectrophotometric  analysis  of  binary  mixtures  where  the  : 
sorption  bands  overlap.  Details  concerning  the  derivation  , 
given  by  Ashley  (S). 

Spectrophotometric  constants  determined  on  solutions  of 
pure  compounds  in  0.1  N  sodium  hydroxide  are  shown  in  Ta 
II.  The  optical  measurements  were  made  with  a  Beckn 
Model  DU  spectrophotometer  in  1-cm.  quartz  cells,  using 
tungsten  lamp  and  a  red  purple  filter.  Both  compounds  ol 
the  Beer-Lambert  law  within  experimental  error  at  concent 
tions  corresponding  to  a  density  range  of  0.4  to  1.0. 


APPARATUS 

Adsorption  columns  are  conveniently  made  from  35-cm.  leng 
of  18-mm.  outside  diameter  Pyrex  tubing  constricted  to 
internal  diameter  of  about  0.5  cm.  about  10  cm.  from  the  ei 
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Table  III.  Analyses  of  Synthetic  Mixtures 


Monoxime 

Monoxime 

Added 

Found 

Deviation 

% 

% 

% 

5.5 

5.7 

+  0.2 

4.3 

3.9 

-0.4 

4.5 

4.3 

-0.2 

4.6 

4.4 

-0.2 

6.5 

6.7 

+  0.2 

4.9 

5.5 

+0.6 

5.8 

5.5 

-0.3 

6.0 

6.2 

+  0.2 

7.8 

8.0 

+  0.2 

4.8 

5.0 

+  0.2 

4.8 

4.8 

0.0 

7.0 

6.9 

-0.  1 

Av.  5.54 

5.58 

±0.23 

Table  IV. 

Analysis  of  Crude  Reaction  Products 

Monoxime,  % 

4.9 

5.6 

3.5 

4.8 

4.4 

Dioxime,  % 

90.7 

84.5 

79.4 

77.8 

91  3 

Resinous  ma¬ 

2.6 

4.5 

14.6 

10.9 

3.1 

terial,  % 
Inorganic,  % 

0.8 

2.9 

1.6 

1.1 

0. 1 

Total 

99.0 

97.5 

99.1 

94.6 

98.9 

The  shorter  end  is  connected  to  a  suction  flask  and  the  constric¬ 
tion  plugged  with  glass  wool.  The  column  is  filled  to  a  height 
)f  15  cm.  with  a  mixture  of  90  parts  by  weight  of  grade  F-l  — 
,:50-mesh  activated  alumina  (Aluminum  Company  of  America) 
md  10  parts  of  Hyflo  Super-Cel  (Johns  Manville  Company) 
vhich  is  included  to  increase  the  percolation  rate.  The  adsorbent 
s  added  to  the  column  in  2-  to  3-cm.  portions  and  tamped  firmly 
nto  place  with  a  wooden  dowel.  Solvent  is  delivered  continu- 
>usly  to  the  head  of  the  column  from  a  500-ml.  separatory  funnel. 

REAGENTS 

Anhydrous  analytical  reagent  grade  solvents  are  used  for  the 
^reparation  of  the  chromatogram.  The  column  is  developed 
vit.h  a  1%  by  volume  solution  of  acetic  acid  in  acetone,  and  a  5% 
lolution  of  anhydrous  methanol  in  acetone.  The  adsorbent  is 
‘luted  with  aqueous  N  sodium  hydroxide. 


PROCEDURE 

A  1-gram  sample  is  dissolved  in  100  ml.  of  acetone  under  reflux 
ind  filtered  through  a  tared  Selas  crucible  to  remove  acetone- 
nsoluble  resin  and  inorganic  constituents.  If  desired,  the 
mounts  of  these  materials  can  be  determined  by  the  usual 
gravimetric  procedures.  The  filtrate  is  reduced  to  half  its 
iriginal  volume  on  a  steam  bath  and  after  cooling  percolated 
hrough  a  column  containing  the  adsorbent.  The  column  is 
hen  washed  with  10  ml.  of  acetic  acid  solution,  followed  by  300 


Figure  4.  Absorption  Spectra  of  Quinone 
Oximes  in  0.1  N  Aqueous  Sodium  Hydroxide 
Solution 


I.  o-Benzoquinone  monoxime 

II.  o-Benzoquinone  dioxime 


ml.  of  methanol  in  acetone.  The  top  brown  layer  is  removed  with 
a  spatula  and  discarded.  The  green  segment  is  transferred 
quantitatively  to  a  250-ml.  beaker  and  eluted  with  successive 
portions  of  sodium  hydroxide.  A  total  volume  of  about  100  ml. 
is  required.  The  separation  of  the  yellow  zone  need  not  be  com¬ 
plete,  as  a  correction  for  residual  dioxime  is  made  in  the  calcula¬ 
tions.  After  filtration,  the  elutriate  is  diluted  to  1  liter  with 
distilled  water  and  then  rediluted  to  a  concentration  at  which 
optimum  optical  density  readings  can  be  obtained.  The 
measurements  are  made  at  399  and  363  m n  with  a  Beckman 
spectrophotometer. 

PRECISION  AND  ACCURACY 

The  appearance  of  the  adsorption  column  is  subject  to  varia¬ 
tion,  depending  on  the  composition  of  the  sample  and  differences 
in  the  techniques  used  in  preparing  and  developing  the  chromato¬ 
grams.  Impurities  in  the  solvents  and  changes  in  the  adsorptive 
capacity  of  the  alumina  may  alter  the  widths  of  the  bands  formed 
from  equal  amounts  of  monoxime.  Although  a  measurement  of 
the  band  width  will  not  give  a  quantitative  estimate  of  the  con¬ 
centration,  the  appearance  of  a  green  zone  provides  direct  visual 
evidence  of  the  presence  of  the  monoxime.  A  band  width  of  2  to 
6  mm.  is  obtained  on  samples  containing  10  mg.  of  this  compound. 
Thus,  the  method  is  sufficiently  sensitive  to  establish  the  presence 
of  this  substance  in  mixtures  in  which  it  occurs  to  the  extent  of 
less  than  1%. 

In  order  to  evaluate  the  accuracy  of  the  method  under  the  con¬ 
ditions  normally  encountered  in  the  analysis  of  crude  reaction 
products,  weighted  quantities  of  the  pure  monoxime  were  added 
to  a  sample  on  which  a  preliminary  analysis  of  5.6%  was  obtained. 
This  value  was  then  subtracted  from  the  analytically  determined 
results.  This  information  is  shown  in  Table  III.  The  average 
deviation  is  ±0.23%,  while  the  average  of  the  analytically  de¬ 
termined  values  is  0.04%  higher  than  theory.  The  precision  of 
the  method  as  determined  by  the  analysis  of  64  samples  in  dupli¬ 
cate  by  a  routine  analyst  is  ±3.6%  of  the  material  present. 
This  series  included  samples  containing  from  2  to  55%  quinone 
monoxime. 

The  use  of  this  method  for  the  analysis  of  crude  reaction  prod¬ 
ucts  is  illustrated  by  the  data  in  Table  IV.  The  quinone  dioxime 
content  of  the  materials  was  determined  by  a  gravimetric  pro¬ 
cedure  based  on  its  oxidation  to  polymeric  “p-dinitrosobenzene” 
(13)  with  potassium  ferricyanide  in  a  carbonate  buffer.  The 
materials  in  bands  IV  to  VI  and  the  percolate  are  not  included  in 
the  analyses.  These  values  are  not  representative  of  the  yields 
obtained  on  nitrosation  and  oximation,  as  the  determinations 
were  made  on  samples  which  were  partly  purified  by  separation 
from  the  mother  liquor. 

While  the  results  obtained  by  the  chromatographic  procedure 
are  not  comparable  in  precision  to  those  obtained  by  direct 
spectrophotometric  methods  under  favorable  conditions,  in  this 
application  the  removal  of  interfering  impurities  and  the  con¬ 
centration  of  the  minor  constituent  permits  a  reasonably  accurate 
analysis  which  would  otherwise  be  impossible  to  obtain. 

DISCUSSION 

The  para  isomer  is  the  principal  reaction  product  formed  in  the 
nitrosation  of  phenol.  However,  Veibel  (17)  has  shown  that  as 
much  as  10%  of  the  o-nitrosophenol  may  be  formed  under  certain 
conditions.  As  this  compound  is  tautomeric,  oximation  would 
result  in  the  presence  of  o-benzoquinone  dioxime  in  the  crude 
product.  In  order  to  investigate  the  possibility  of  interference 
from  this  source,  the  chromatographic  behavior  and  optical  prop¬ 
erties  of  the  ortho  isomers  were  investigated.  The  experimental 
data  are  outlined  in  Table  V. 

Both  ortho  isomers  adsorb  above  p-benzoquinone  dioxime,  and 
if  present,  can  be  mechanically  removed  from  the  column  before 
elution.  In  the  reaction  products  examined,  these  bands  were 
not  evident,  probably  owing  to  loss  by  solubility  of  the  o-monox- 
ime  in  the  mother  liquor. 
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Table  V.  Chromatographic  and  Spectrophotometric  Properties  of 
Quinone  Oximes 


o- Mon¬ 
oxime 


Position  of  band  I 

Color  of  band  Red 

^mai.  (ion)  (mp)  470 

(mu.  (ion)  6,130 

XmiL  (molecule)  (mp)  400 

(mu  (molecule)  1,110 


Dipole  moment  (p  X 
10‘8) 


o-Di- 

p-M  on- 

p-Di- 

oxime 

oxime 

oxime 

II 

III 

IV 

Orange 

Green 

Yellow 

433.5 

399 

363 

5,600 

27,570 

39,010 

398 

301.5 

317 

5,720 

16,820 

23,300 

3.84 

4.72 

2.37 

The  isomeric  dioximes  are  adsorbed  in  the  order  of  their  dipole 
moments,  the  ortho  isomer  with  a  moment  of  3.84  D  (1 1)  forming 
the  upper  orange  band,  and  the  para  isomer  with  a  moment  of 
2.37  D  forming  the  lower  yellow  band.  This  behavior  is  analo¬ 
gous  to  that  of  the  position  isomers  of  benzene,  and  to  the  cis- 
trans  isomers  of  azobenzene  in  which  the  compound  with  the 
higher  dipole  moment  is  usually  most  strongly  adsorbed  (2,  15). 
The  moment  of  p-benzoquinone  monoxime  in  dioxane  solution 
has  been  reported  to  be  4.72  D  (7).  This  compound  is  adsorbed 
between  the  o-  and  p-dioximes.  Data  on  the  electric  moment  of 
the  o-monoxime  are  not  available.  However,  a  direct  correlation 
between  dipole  moment  and  adsorbability  should  not  necessarily 
be  expected  in  this  case,  owing  to  possible  shifts  in  the  tautomeric 
equilibria.  The  o-monoxime  is  adsorbed  as  a  red  band  at  the  top 
of  the  column,  while  the  para  isomer  appears  as  a  green  band. 
This  suggests  that  the  ortho  compound  is  adsorbed  in  the  quinoid 
form,  while  the  para  isomer  is  adsorbed  as  p-nitrosophenol,  for  the 
green  color  is  similar  to  that  of  compounds  containing  the  free 
nitroso  group  (14).  The  proximity  of  the  functional  groups  in 
the  ortho  compound,  on  the  other  hand,  might  lead  to  chelation 
with  the  adsorbent.  This  would  tend  to  shift  the  equilibrium  to 
the  quinoid  modification. 

A  more  direct  correlation  is  observed  between  the  order  of 
adsorption  and  the  wave  lengths  of  the  spectrophotometric  max¬ 
ima  in  alkaline  solution.  In  this  case  the  compounds  which  ab¬ 
sorb  light  of  longer  wa.ve  length  are  bound  more  tightly.  It  is 
evident  that  the  compounds  are  polarized  by  contact  with  the 
alumina,  for  the  free  acids  are  pale  yellow  to  almost  colorless. 
While  the  formation  of  colored  bands  is  not  requisite  to  a  good 
separation,  it  is  of  great  practical  convenience  in  lQcating  and 
distinguishing  between  the  adsorbed  compounds. 

Owing  to  restricted  rotation  about  the  C=N  bond,  the  exist¬ 
ence  of  cis-trans  isomers  of  the  benzoquinone  dioximes  was  con¬ 
sidered  possible.  However,  under  the  experimental  conditions 
described,  the  bands  appear  homogeneous  and  no  differences  in 
properties  can  be  detected  between  materials  eluted  from  the 
upper  and  lowrer  portions  of  the  columns. 

The  choice  of  the  solvent,  adsorbent,  and  eluant  was  guided  by 
a  consideration  of  the  physical  properties  of  the  compounds. 
Acetone  is  the  only  solvent  readily  available  in  which  they  are 
easily  soluble  and  from  which  they  can  be  adsorbed  by  alumina. 
However,  it  is  difficult  to  free  from  traces  of  water  and  alcohol  and 
undergoes  a  condensation  reaction  in  contact  with  the  adsorbent 
which  results  in  the  presence  of  a  high-boiling  liquid  in  the  perco¬ 
late  (18).  These  factors  may  cause  variations  in  the  widths  of 
the  bands,  and  complicate  recovery  of  the  impurities  found  in  the 
percolate,  but  otherwise  do  not  interfere  with  the  analysis.  Alu¬ 
mina,  magnesia,  talc,  silica  gel,  and  a  number  of  other  materials 
were  tested  as  adsorbents,  but,  aside  from  alumina,  magnesia  was 
found  to  be  the  only  one  of  potential  value.  Of  the  possible 
eluants,  aqueous  sodium  hydroxide  is  the  most  effective.  The 
compounds  are  readily  removed  from  the  adsorbent  and  optical 
measurements  can  be  made  directly  on  the  filtered  and  diluted 
solutions  without  further  adjustments. 

The  chromatographic  adsorption  method  of  Tswett  (16)  has 
found  extensive  use  in  the  purification  and  estimation  of  naturally 
occurring  substances.  However,  applications  in  the  field  of  in¬ 


dustrial  organic  analysis  have  been  comparatively  few.  Thi 
may  in  part  be  ascribed  to  the  relatively  poor  precision  obtaine 
when  compared  to  standard  gravimetric  and  volumetric  method; 
and  to  the  small  quantities  of  materials  which  can  be  isolated  o 
columns  of  convenient  size.  However,  when  used  in  conjunctio 
with  absorption  spectrophotometry,  the  usefulness  of  bot 
methods  is  greatly  extended,  for  the  small  amounts  of  material 
recovered  from  the  column  can  often  be  measured  conveniently 
while  frequently  compounds  can  be  separated  which  woul 
otherwise  produce  unresolved  absorption  spectra.  While  optics 
methods  have  been  proposed  in  which  a  number  of  constituent 
are  determined  from  a  series  of  measurements  made  on  a  comple 
reaction  mixture,  it  is  evident  that  they  are  completely  valid  onl; 
in  cases  w'here  the  qualitative  composition  of  the  mixture  can  b 
predicted  with  certainty.  If  the  properties  of  the  materials  pei 
mit,  a  preliminary  separation  will  frequently  augment  the  reha 
bility  of  the  analysis. 


EXPERIMENTAL 

p-Benzoqui  none  monoxime  was  prepared  by  the  nitrosation  c 
phenol,  and  purified  by  repeated  recrystallizations  from  wate 
until  a  pale  yellow  product  was  obtained  with  a  melting  point  o 
126°  C. 

o-Benzoquinone  monoxime  was  prepared  by  the  oxidation  c 
phenol  with  hydrogen  peroxide  in  the  presence  of  cupric  acetat 
and  hydroxylamine  hydrochloride  (4).  The  reaction  mixtur 
was  acidified  and  extracted  with  petroleum  ether,  and  th 
monoxime  concentration  determined  iodometrically  (6).  Spec 
trophotometric  measurements  were  made  on  a  solution  obtaine' 
by  extracting  an  aliquot  of  the  petroleum  ether  with  aqueou 
sodium  hydroxide. 

p-Benzoquinone  dioxime  was  prepared  by  oximation  of  th 
monoxime  with  hydroxylamine  acid  sulfate.  The  crude  produc 
was  adsorbed  on  alumina,  the  zones  containing  impurities  re 
moved  and  discarded,  and  the  dioxime  displaced  by  treatmen 
with  a  solution  of  acetic  acid  in  acetone.  After  evaporation  o 
the  solvent,  the  product  was  further  purified  by  precipitatio: 
from  acetone  solution  by  the  addition  of  petroleum  ether,  i 
pale  yellow  product  was  obtained  with  a  decomposition  point  o 
239°  C. 

.  o-Benzoquinone  dioxime  was  prepared  by  the  oxidation  of  c 
nitraniline  with  sodium  hypochlorite  (5),  followed  by  reduction  o 
the  benzfurazan  oxide  with  sodium  hydrosulfide.  The  crud 
product  was  dissolved  in  aqueous  ammonia,  filtered,  and  pre 
cipitated  by  the  addition  of  acetic  acid.  Yellow  needles  with  . 
melting  point  of  145°  C.  were  obtained. 
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Determination  of  Free  Fatty  Acids  in  Dried  Egg  Powders 
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A  method  for  the  determination  of  free  fatty  acids  in  dried  egg  pow¬ 
ders  is  described.  The  egg  powders  are  extracted  with  acetone  and 
the  traces  of  cephalin  are  removed  with  magnesium  chloride  before 
titration.  The  removal  of  the  cephalin,  previously  shown  to  be  re¬ 
sponsible  for  as  much  as  70%  of  the  total  acidity  of  ether  extracts 
of  egg  powders,  facilitates  accurate  measurement  of  small  amounts  of 
free  fatty  acid  acidity.  The  acidity  of  extracts  of  egg  powders 
from  which  cephalin  has  been  removed  by  the  acetone-magnesium 
chloride  treatment  is  not  appreciably  influenced  by  variations  in  the 
moisture  content  of  the  powder  (at  least  within  the  range  0.3  to 
6.5%).  Errors  caused  by  the  formation  of  a  fatty  acid-protein  com¬ 
plex  have  been  studied.  Fatty  acids  are  bound  by  basic  proteins  in 
a  nonextractable  form  when  the  egg  is  in  the  liquid  state  or  when 
dried  egg  powder  is  reconstituted.  The  fatty  acids  thus  bound  can 
be  recovered  completely  only  if  the  egg  emulsion  is  adjusted  to  pH 
4  before  drying  and  extracting.  Fatty  acids  which  develop  in  the 
dry  egg  powder  during  storage  are  not  bound  and  can  be  completely 
extracted  by  the  proposed  method. 

A  RECENT  paper  ( 9 )  was  concerned  with  the  differences  be¬ 
tween  the  total  acidity  of  the  ether  extract  of  dried  egg  pow¬ 
ders  as  determined  by  the  A.O.A.C.  method  U)  and  the  free  fatty 
acid  acidity  of  the  powders.  In  some  cases  over  70%  of  the  acid- 
ty  of  the  ether  extract  of  unstored  egg  powders  was  found  to  be 
lue  to  cephalin.  The  amount  of  cephalin  appearing  in  the  ether 
extract,  in  contrast  to  the  free  fatty  acid  content,  was  influenced 
by  the  moisture  content  of  the  powder,  so  that  it  was  necessary 
hat  the  powders  be  uniformly  dried,  as  specified  in  the  A.O.A.C. 
procedure,  in  order  to  obtain  reliable  total  acidity  values. 

When  recovery  experiments  were  carried  out  (S),  it  was  found 
hat  oleic  acid,  that  had  been  added  to  liquid  egg  mixtures,  was 
ipparently  bound  in  some  way  that  prevented  its  extraction 
rom  the  corresponding  dried  egg  powders  unless  the  liquid  egg 
vas  adjusted  to  about  pH  4  before  drying.  Thus  it  appeared  that 
■eliable  free  fatty  acid  values  for  the  dried  egg"  powders  could  be 
>btained  only  by  reconstituting  the  dried  egg,  acidifying  to  pH  4, 
md  redrying  prior  to  extraction.  In  addition,  a  correction  for  the 
:ephalin  content  of  the  extract  was  necessary. 

This  paper  describes  a  more  satisfactory  method  of  determining 
he  true  free  fatty  acid  content  of  dried  egg  powders  and  presents 
additional  information  on  the  combination  of  free  fatty  acids  in 
he  liquid  whole  egg. 

I  The  proposed  method  makes  use  of  the  differential  solvent 
>ower  of  cold  (room  temperature)  acetone.  Glycerides  and  fatty 
>cids  are  fully  soluble  in  cold  acetone,  whereas  the  phospholipides 
phosphatides)  are  only  slightly  soluble.  Traces  of  dissolved 
ihospholipide  are  removed  by  treatment  with  alcoholic  magne- 
ium  chloride  (<?).  The  phospholipide  concentration  is  thus  re¬ 
duced  to  negligible  amounts,  the  phosphorus  content  of  the 
ireated  oil  is  usually  less  than  0.01%. 

ANALYTICAL  PROCEDURE 

A  2-gram  sample  of  the  dried  egg  powder  was  transferred  to  a 
0-ml.  conical,  graduated  centrifuge  tube,  and  15  ml.  of  c.p. 
cetone  were  added.  The  sample  was  centrifuged  after  it  had 
tood  in  the  a,cetone  for  0.5  hour.  The  acetone  extraction  was  re- 
'eated  four  times,  using  10-ml.  portions  of  acetone  and  only  5-  to 
0-minute  extraction  times.  The  acetone  suspension  of  the  egg 
owder  was  frequently  stirred  during  each  of  the  extraction 
•eriods.  All  the  extracts  from  a  given  sample  were  combined  in  a 
ingle  centrifuge  bottle.  The  final  volume  of  acetone  extract  was 
ept  below  60  ml. 

.  One  milliliter  of  a  saturated  solution  of  magnesium  chloride 
exahydrate  in  absolute  ethanol  was  then  added  with  rapid 


swirling  to  the  combined  extracts.  The  treated  acetone  solution 
was  centrifuged  and  the  supernatant  liquid  transferred  to  a  500- 
ml.  separatory  funnel  (with  stem  cut  to  0.5  inch,  1.25  cm.).  The 
magnesium  chloride-phospholipide  precipitate  was  washed  twice 
by  suspending  in  5  ml.  of  acetone  and  centrifuging.  The  washings 
were  combined  with  the  original  supernatant  in  the  separatory 
funnel. 

Thirty  milliliters  of  petroleum  ether  (Skellysolve  B)  were 
added  to  the  acetone  solution  in  the  separatory  funnel  and  thor¬ 
oughly  mixed.  Two  hundred  to  250  ml.  of  distilled  water  were 
then  added  and  the  contents  of  the  funnel  were  agitated  gently 
to  prevent  emulsion  formation.  The  volume  of  acetone  in  the  sep¬ 
aratory  funnel  should  be  maintained  as  small  as  possible  (60  to  80 
ml.)  because  the  acetone  concentration  in  the  washing  procedure 
must  lie  between  20  and  30%  in  order  to  prevent  losses  of  fatty 
acids  in  the  washing  step.  This  means  that  200  to  250  ml.  of  wa¬ 
ter  must  be  added  if  the  initial  acetone  volume  is  70  to  80  ml. 

After  separation  of  the  phases,  the  aqueous  acetone  was  dis¬ 
carded.  The  aqueous  phase  was  turbid,  owing  to  traces  of  mag¬ 
nesium  chloride  and  phospholipide.  The  petroleum  ether  was 
washed  with  two  25-ml.  portions  of  distilled  water.  The  wash¬ 
ings  gave  a  negative  chloride  test.  The  petroleum  ether  solution 
was  then  transferred  quantitatively  to  a  125-ml.  glass-stoppered 
Erlenmeyer  flask. 

Fifty  milliliters  of  isopropanol  and  10  drops  of  1%  ethanolic 
phenophthalein  were  added,  and  a  stream  of  carbon  dioxide— free 
air  was  bubbled  through  the  solution  for  10  minutes.  The  solution 
was  titrated  with  0.025  N  sodium  ethylate  with  the  stream  of 
carbon  dioxide-free  air  passing  through  the  solution.  Oleic  acid 
has  been  reported  to  constitute  approximately  50%  of  the  egg 
fatty  acids  (10).  Therefore,  as  a  matter  of  convenience,  the  re¬ 
sults  were  calculated  as  oleic  acid. 


RESULTS  AND  DISCUSSION 

Recovery  of  Oleic  Acid  Added  to  Dry  Egg  Powders. 
Recovery  of  oleic  acid  was  determined  by  adding  known  amounts 
of  oleic  acid  in  acetone  solution  to  samples  of  a  spray-dried  egg 
powder  suspended  in  acetone.  These  samples  and  controls  were 
carried  through  the  procedure  as  outlined  above.  The  data  in 
Table  I  show  satisfactory  recovery  of  the  added  acid. 

Analysis  of  Stored  Egg  Powders.  Samples  of  spray-dried 
egg  powders,  containing  only  the  free  fatty  acids  developed  dur¬ 
ing  storage  in  the  dry  state,  were  analyzed  by  the  proposed 
method.  Samples  of  the  same  egg  powders  were  also  exhaus¬ 
tively  extracted  with  diethyl  ether  in  a  Soxhlet  apparatus,  the 
ether  removed  from  the  Soxhlet  extracts  under  a  stream  of  nitro¬ 
gen,  and  the  residual  oil  taken  up  in  acetone  and  subjected  to  the 
magnesium  chloride  treatment  and  washing  as  outlined  above. 
Thus  only  the  effect  of  different  types  of  extraction  was  studied. 
The  results  in  Table  II  indicate  that  the  shorter  acetone  extrac¬ 
tion  procedure  yields  results  from  2  to  7.5%  lower,  but  an  error  of 
this  magnitude  is  probably  permissible  for  many  purposes.  In 
some  cases,  the  more  time-consuming  ether  Soxhlet  extraction 
may  be  desirable. 

The  phospholipide  content  of  all  extracts  treated  with  magne¬ 
sium  chloride  was  negligible,  as  evidenced  by  phosphorus  contents 


Table  1.  Recovery 

of  Oleic  Acid  Added  to  Spray-Dried  Egg 

Powder 

Oleic 

Acid  Initially  Present 

Acid 

Acid  Recovered  as 

Re¬ 

as  Oleic  Acid 

Added 

“  Oleic  Acid 

covery 

Mg. 

Mg. 

Mg. 

% 

10.0,  9.8,  10. 1,  10.1 

5.0 

15.1,  15.1,  15.1,  15.1 

101.5 

10.0,  9.8,  10.1,  10.1 

25.1 

34.0.  34.4,34.3,34.6 

96.4 

10.0,9.8,  10.1,  10.1 

50.2 

59.0,  59.4,57.6,58.5 

96.6 

.  “Added  in  acetone  solution  to  acetone  suspension  of  egg  powder  sample 
in  first  step  of  procedure. 
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Table  II.  Free  Fatty  Acid  Values  of  Dried  Egg  Powders 

as  Influenced 

by 

Extraction  Method  and  Pretreatment 

Standard 

Sample  Treatment 

Oleic  Acid 

Average 

Deviation 

Mg.  per  gram  of  dry  powder 

A 

Soxhlet  extraction  with  ether 

20.7,  21.2,  21.0 

20.8,  20.2,  20.5,  20.8 

20.8 

0.3 

A 

Proposed  method 

20.6,  19.6,  19.9 

18.5,  18.6,  19.0,  18.6 

19.3 

0.8 

A 

Sample  adjusted  to  pH  4.0 

19.4,  19.6,  19.5,  19.8 

Soxhlet  extraction  with  ether 

19.7,  19.9,  19.6,  20.0 

19.7 

0.2 

A 

Sample  adjusted  to  pH  4.0 

18.5,  19.1,  19.4,  19.4 

Proposed  method 

19.3,  19.0,  19.2,  18.8 

19.1 

0.3 

C 

Soxhlet  extraction  with  ether 

3.82,  3.94 

3.88 

C 

Proposed  method 

3.50,  3.52,  3.73,  3.63,  3.52,  3.65 
3.49,  3.55,  3.55,  3.54,  3.72,  3.65 

3.59 

0.08 

C 

Sample  adjusted  to  pH  4.0 
Soxhlet  extraction  with  ether 

3.47,  3.57,  3.52,  3.54 

3.52 

0.03 

C 

Sample  adjusted  to  pH  4.0 
Proposed  method 

3.37,  3.47,  3.47 

3.44 

(method  of  Allen,  3)  of  0.001  to  0.01%.  Cephalin,  therefore, 
could  make  only  a  very  small  contribution  to  the  acidity  values  of 
these  extracts. 

Effect  of  Moisture  Content  of  Powders  on  Free  Fatty 
Acid  Values.  The  proposed  method  does  not  require  prelim¬ 
inary  drying  of  the  egg  sample  prior  to  extraction.  Average  free 
fatty  acid  values,  calculated  to  the  moisture-free  basis,  were  17.1, 
16.8,  16.9,  and  16.6  mg.  of  oleic  acid  per  gram  of  powder  at  mois¬ 
ture  levels  of  6.5,  4.9,  1.8,  and  0.3%,  respectively.  This  relative 
constancy  of  results  over  the  moisture  range  was  expected,  since 
the  cephalin  content  of  the  extracts  was  negligible  as  the  result  of 
the  magnesium  chloride  treatment.  However,  the  total  acidity 
of  ether  extracts  that  are  not  treated  with  acetone  and  magne¬ 
sium  chloride  may  vary  as  much  as  30%  over  comparable  mois¬ 
ture  ranges.  This  variation  has  been  shown  (5)  to  be  due  to  the 
different  amounts  of  cephalin  extracted  by  ether  at  the  different 
moisture  levels.  This,  of  course,  is  the  reason  for  the  preliminary 
drying  of  the  samples  in  the  A.O.A.C.  procedure  for  the  acidity 
of  the  ether  extract. 

Errors  Resulting  from  Fatty  Acid-Protein  Complex 
Formation.  Another  possible  source  of  error  in  the  free  fatty 
acid  determination  in  egg  powders  was  suggested  by  the  observa¬ 
tion  that  oleic  acid,  which  had  been  added  to  whole  liquid  egg  mix¬ 
tures,  was  incompletely  recovered  in  the  ether  extract  of  the  sub¬ 
sequently  dried  powder  unless  the  pH  of  the  egg  mixture  was  ad¬ 
justed  to  4  prior  to  drying  ( 9 ). 

A  similar  situation  exists  for  acetone  extraction.  Only  50  to 
55%  of  the  oleic  acid  added  to  liquid  egg  mixtures  was  extracted 
by  neutral  acetone.  Therefore,  a  modified  procedure  based  on  the 
use  of  acidified  acetone  (0.088  N  with  respect  to  hydrochloric 
acid)  was  tried  on  samples  to  which  oleic  acid  was  added  before 
drying.  The  acidified  acetone  was  used  in  the  first  two  extrac¬ 
tions  and  neutral  acetone  in  the  last  three  extractions.  Acidified 
acetone  was  not  used  in  the  last  three  extractions,  since  high  re¬ 
sults  due  to  the  extraction  of  phosphorus  compounds  that  were 
not  removed  by  the  magnesium  chloride  treatment  were  obtained. 
Acidified  acetone  in  the  first  two  extractions  did  not  extract  phos¬ 
phorus  compounds  that  could  not  be  removed  by  magnesium 
chloride. 


from  egg  powders  which  have  develop* 
free  fatty  acid  acidity  while  stored  in  tl 
dry  state.  Tables  II  and  III  show  that  tl 
recovery  of  fatty  acids,  by  the  propose 
method,  is  not  increased  by  the  adjustmei 
of  the  acidity  of  samples  of  either  spra; 
dried  or  lyophilized  egg  powders  to  pH 
If,  on  the  other  hand,  samples  of  ej 
powders,  in  which  acidity  had  develope 
are  reconstituted  and  allowed  to  stand 
the  liquid  state  at  its  natural  pH  for 
time  before  being  lyophilized,  then  pa 
of  the  fatty  acids  are  no  longer  extrac 
able.  For  example,  a  suspension  of  recoi 
stituted  egg  powder  had  a  pH  of  6.7 ;  aft 
redrying  by  lyophilizing,  only  86%  of  tl 
fatty  acids  were  recovered.  Recovery 
free  fatty  acids  from  a  similar  samp 


which  had  been  adjusted  to  pH  4  was  complete. 

These  results  may  be  explained  by  assuming  that  liberation 
free  fatty  acids  in  the  dry  egg  powder  occurs  in  a  substantial 
fatty  medium — i.e.,  the  fatty  acids  are,  in  a  microscopic  sens 
in  or  near  the  egg  lipides — and,  for  this  reason  or  because  the  m 
dium  is  essentially  nonaqueous,  the  free  fatty  acids  have  little  i 
no  opportunity  to  combine  with  bases  present  in  the  egg.  Wht 
fatty  acids  are  present  in  the  liquid  egg  mixture,  they  are  free  1 
combine  with  bases  to  an  extent  determined  by  the  pH  of  tl 
mixture. 

It  might  be  expected  that  egg  white  would  bind  fatty  acids  mo: 
strongly  than  the  egg  yolk,  since  the  proteins  of  the  white  conta: 
many  basic  groups  that  may  combine  with  fatty  acids.  Lysi 
zyme,  in  particular,  is  an  unusually  basic  protein  constituent  < 
egg  white  (2)  which  has  been  shown  to  form  salts  with  stror 
acids  (i).  The  higher  fatty  acids  would  doubtless  also  form  sal 
with  lysozyme  and  would  hardly  be  expected  to  be  removed  froi 
the  lysozyme  in  the  pH  region  of  6  to  8  which  is  midway  bettvec 
the  isoelectric  point  of  lysozyme  and  the  pK  of  the  acids.  Su] 
port  for  this  assumption  is  also  obtained  from  reports  ( 5 ,  6)  ths 
the  lower  fatty  acids  and  serum  albumin  combine  in  solution  i 
give  complexes  that  are  more  heat-stable  than  serum  albumin  di 
solved  in  solutions  containing  only  inorganic  ions.  These  worke: 
have  also  presented  evidence,  based  on  electrophoretic  measur 
ments,  for  anion-albumin  association  which  increases  with  chai 
length  of  the  anion. 

An  experiment  was  performed  to  determine  whether  there  was 
difference  in  the  fatty  acid  binding  capacity  of  egg  wrhite  and  eg 
yolk.  Known  amounts  of  oleic  acid  w7ere  added  to  fresh  mixe 
yolks  and  the  fresh  mixed  whites.  Portions  of  each  sample  wei 
adjusted  to  pH  8  and  also  to  pH  4  before  drying  by  lyophilizatioi 
At  pH  8,  only  4%  of  the  added  oleic  acid  was  recovered  from  th 
whites,  while  81%  was  recovered  from  the  yolk.  At  pH  4,  84° 
of  the  oleic  acid  was  recovered  from  the  whites  and  96%  from  th 
yolks. 

The  formation  of  the  nonextractable  fatty  acid-protein  con 
plexes  is  of  analytical  significance  in  the  case  of  samples  of  ur 
known  history  or  in  those  cases  where  opportunity  for  contac 


Although  the  pH  of  the  suspension  of  the  residues  from  the  acid 
acetone  extraction  was  near  4.0,  only  80  to  90%  recovery  could 
be  attained  by  this  technique.  Therefore,  the  acid  acetone  ex¬ 
traction  is  not  recommended  as  a  means  of  obtaining  complete  ex¬ 
traction  of  fatty  acids  from  egg  samples  wrhich  may  contain 
bound  fatty  acids.  Rather,  the  procedure  involving  reconstitu¬ 
tion,  adjusting  to  pH  4,  and  lyophilizing  is  recommended  in  these 
cases.  The  fatty  acids  in  the  dried,  adjusted  powder  may  then  be 
determined  by  the  proposed  method. 

Although  the  recovery  of  oleic  acid  added  to  or  present  in 
liquid  egg  mixtures  prior  to  drying  is  not  complete  unless  the  pH 
of  the  liquid  mixture  is  adjusted  to  pH  4.0,  extraction  is  complete 


Table  III.  Free  Fatty  Acid  Content  of  Stored  Lyophilized  Eggs  i 
a  Function  of  pHa 


Sample 

pH 

Oleic  Acid 

1 

7.7 

10.9 

Mg./g. 

10.6 

4.0 

11.0 

10.4 

2 

7.5 

11.5 

11.4 

3.8 

11.2 

11.4 

3 

7.4 

10.0 

10.0 

3.7 

10.0 

9.9 

4 

7.1 

11.4 

11.1 

4.1 

11.2 

11.2 

°  pH  of  suspension  of  1  part  egg  powder  and  3  parts  distilled  water. 
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oetween  fatty  acids  and  proteins  in  aqueous  media  has  been 
snown  to  exist.  Thus  the  free  fatty  acids  in  shell  eggs  which  have 
mdergone  some  deterioration  would  have  an  opportunity  to 
combine  with  protein  and  the  pH  should  be  adjusted  to  4  prior 
;o  drying  the  sample. 

J  The  lowest  moisture  content  at  which  interaction  of  the  fatty 
icids  and  proteins  occurs  is  not  known.  However,  egg  powders 
containing  as  much  as  8%  moisture  gave  the  same  free  fatty  acid 
values  before  and  after  adjustment  of  the  pH.  Since  few  dried  egg 
camples  are  prepared  at  higher  moisture  levels,  no  adjustment  of 
he  pH  of  dried  powders  that  have  been  prepared  from  good  shell 
eggs  seems  necessary. 

INTERFERENCES  AND  LIMITATIONS 

The  production  of  lactic  acid  in  certain  types  of  egg  deteriora- 
ion  has  been  reported  (7).  Lactic  acid  is,  of  course,  easily  soluble 
q  water  and  is  not  determined  in  the  method  outlined  above. 
Amounts  of  lactic  acid  corresponding  to  14  to  50  mg.  per  gram  of 
gg  powder  were  added  to  samples  of  the  powder  and  wrere  shown 
o  make  no  contribution  to  the  acidity  of  the  samples. 

The  method  would  not  be  applicable  to  samples  of  materials 
kely  to  contain  fatty  acids  that  are  water-soluble,  since  they 
Vould  probably  be  incompletely  partitioned  between  the  aqueous 


acetone  and  the  petroleum  ether  in  the  washing  process,  thus 
leading  to  low  results.  Since  the  lower  fatty  acids  have  been 
shown  to  be  absent  from  egg  fat  (10),  such  losses  do  not  occur  in 
the  determination  of  egg  fatty  acids  arising  from  the  usual  type  of 
glyceride  hydrolysis. 

Moderate  excesses  of  acids,  added  to  lowrer  the  pH  of  the  sam¬ 
ple,  do  not  interfere,  since  they  are  removed  during  the  washing 
procedure. 
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odometric  Method  for  the  Assay  of  Penicillin  Preparations 

JOSEPH  F.  ALICINO,  Division  of  Organic  Chemistry,  Squibb  Institute  for  Medical  Research,  New  Brunswick,  N.  J. 


rWO  methods  for  the  chemical  estimation  of  penicillin,  re¬ 
cently  proposed  (4,  5),  depend  on  the  liberation  of  an  acidic 
roup  upon  inactivation  of  penicillin  with  penicillinase  or  with 
.Ikali.  The  simple,  rapid  inactivation  by  alkali  was  being 
tilized  in  this  laboratory  in  conjunction  with  the  development  of 
n  iodometric  assay  method  which  was  suggested  by  observa- 
ons  (S)  on  the  behavior  towards  iodine  of  penicillin  and  certain 
f  its  inactivation  products.  Penicillin  is  inert  to  iodine  in  neu- 
;al  aqueous  solution,  while  penicilloic  acid  ( 1 ),  the  inactivation 
roduct  formed  from  penicillin  by  the  action  of  penicillinase  or  of 
Ikali,  consumes  from  6  to  9  equivalents  of  iodine,  depending  on 
le  conditions  used.  The  difference  in  the  iodine  consumption 
nder  standard  conditions  before  and  after  inactivation  by  alkali 
light  therefore  be  expected  to  be  approximately  proportional  to 
s  penicillin  content  as  ascertained  by  biological  assay.  This 
as  found  to  be  the  case,  with  certain  limitations. 

EXPERIMENTAL 

1  Iodine  Equivalent  of  Pure  Sodium  Penicillin  G  In- 
:tivated  with  Alkali.  The  iodine  consumption  of  a  neutral 
lution  of  alkali-inactivated  sodium  penicillin  G  is  a  function  of 
me,  and  under  the  conditions  given  below  becomes  constant 
ter  25  to  30  minutes. 

A  weighed  sample  (3  to  5  mg.)  of  crystalline  sodium  penicillin 
is  place  in  a  glass-stoppered  flask,  dissolved  in  5  to  10  cc.  of 
iter,  and  treated  with  0.5  cc.  of  1  A  sodium  hydroxide.  The 
kaline  solution  is  allowed  to  stand  for  15  minutes  and  then 
‘Utralized  with  0.5  cc.  of  1  A  hydrochloric  acid.  A  measured 
cess  of  0.01  N  iodine  solution  (about  10  cc.)  is  added.  After 
1  minutes  the  unconsumed  iodine  is  titrated  with  0.01  N  thio- 
lfate.  It  was  found  that  1  mg.  of  sodium  penicillin  G  when 
activated  will  consume  under  these  conditions  2.52  cc.  of  0.01  N 
line  solution,  corresponding  to  8.97  equivalents  of  iodine  per 
pie,  which  is  in  reasonably  good  agreement  w  ith  the  range  given 
)  for  penicilloates  (8.5  to  8.9).  This  value  is  well  reproducible 
|  d  independent  within  fairly  wide  limits  of  the  penicillin  con- 
ntrations  and  the  excess  iodine  used. 

Sodium  penicillin  F  (crystalline,  anhydrous)  after  inactivation 
iated  in  this  manner  consumed  2.64  cc.  of  0.01  N  iodine  solu- 
>n  per  milligram,  or  8.8  equivalents  per  mole,  showing  that  the 
uble  bond  in  this  compound  is  inert  to  iodine  under  these  con¬ 


ditions.  This  was  confirmed  by  the  blank  titration  (without 
prior  alkali  treatment)  which  showed  an  uptake  of  only  0.07  cc. 
per  milligram.  However,  it  is  probable  that  penicillin  X  might 
give  abnormally  high  values  in  this  procedure. 

Assay  of  Unknowns.  In  the  assay  of  unknowns  an  amount 
of  material  corresponding  to  approximately  1000  to  5000  units  is 
inactivated  with  alkali,  and  the  neutralized  solution  is  treated 
with  iodine  and  back-titrated  after  30  minutes  as  described  above 
for  pure  sodium  penicillin  G.  A  blank  titration  in  which  the 
treatment  with  alkali  is  omitted  is  carried  out  on  a  separate 
sample  of  the  same  magnitude.  The  difference  between  both 
titrations  can  be  used,  as  indicated  below,  to  calculate  either  inter¬ 
national  units  or  micromoles  of  penicillin. 

When  relatively  pure  preparations  (800  to  1000  micrograms 
per  mg.)  were  assayed  in  this  manner,  the  figures  agreed  well  with 
the  bioassay  values  regardless  of  the  time  allowed  for  contact 
of  the  blank  sample  with  excess  iodine  (30  minutes  as  in  in¬ 
activated  sample,  or  immediate  back-titration),  the  small 
amounts  of  iodine-consuming  impurities  present  in  such  prepara¬ 
tions  having  little  influence  on  the  final  result.  However,  with 
preparations  of  lower  potency  containing  proportionately  greater 
amounts  of  iodine-consuming  impurities,  the  iodometric  results 
were  considerably  lower  than  the  bioassay  figures  when  the  30- 
minute  interval  between  addition  of  iodine  and  back-titration  was 
maintained  also  in  the  blank  determination.  A  possible  ex¬ 
planation  for  this  is  that  products  formed  from  these’impurities 
by  reaction  with  iodine  catalyze  the  slow  hydrolysis  of  penicillin 
to  penicilloic  acid  normally  occurring  even  in  neutral  reaction, 
giving  rise  to  an  erroneously  high  blank  value,  since  the  latter 
would  include  the  penicilloic  acid  thus  formed  from  penicillin. 
This  assumption  is  supported  by  the  finding  that  the  addition  of 
crystalline  penicillin  to  an  impure  sample  increases  the  blank 
titration  (after  30  minutes’  contact  with  excess  iodine)  over  the 
blank  value  (also  determined  after  30  minutes  standing)  given  by 
the  impure  sample  alone. 

It  was  found  empirically  that  the  discrepancy  between  iodo¬ 
metric  and  bioassay  values  in  the  case  of  low-grade  preparations 
was  minimized  when  the  blank  value  arrived  at  by  immediate 
back-titration  was  used  in  computing  the  results.  In  the  final 
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:  1.  Correlation 

between  Iodometric  and 

Bioassay  Values 

Sample  No. 

Iodometric  Assay 

Cup  Test 

y/mg. 

y/mg. 

890 

790 

800 

816 

800 

1080 

942 

968 

964 

947 

A69-71 

120 

100 

107 

126 

D041 

495 

502 

492 

468 

D042F-1 

345 

336 

330 

340 

1088  u.u.f. 

None 

None  1 

DE43 

530 

480 

507 


Table  II.  Comparison  of  Biological  and  Chemical  Assay  Methods 
on  Solutions  of  Commercial  Penicillin  Sodium  Salts 


Biological  Chemical 


Na  Salt  Solution 

2-cc.  test  (2)  Cup  test 

Micrograms  per  cc. 

Iodometric 

Alkalimetrica 

3419 

90,900 

71,400 

88,000 

90,000 

3422 

87,100 

85,000 

92,500 

91,600 

3423 

90,400 

81,000 

88,800 

81,000 

3420 

107,300 

90,300 

112,500 

90,400 

3424 

87,000 

70,700 

88,500 

3425 

89,000 

77,600 

91,500 

89,300 

3426 

70,000 

68,700 

83,600 

66,300 

3427 

86,000 

79,000 

84,000 

92,000 

3505 

101,603 

94,500 

98,800 

99,200 

3506 

113,700 

108,700 

105,500 

106,000 

3428 

96,300 

89,100 

100,200 

81,200 

3429 

96,500 

89,300 

101,000 

90,700 

3430 

97,900 

88,500 

94,500 

94,500 

3431 

85,000 

80,300 

88,000 

87,000 

3507 

110,000 

106,800 

114,400 

,  111,500 

3428-2 

90,900 

73,700 

83,600 

92,300 

3432 

72,089 

74,000 

76,500 

86,100 

3433 

93,200 

92,900 

98,500 

107,500 

3434 

96,400 

93,000 

98,000 

107,600 

3435 

103,600 

105,200 

99,300 

95,200 

3436 

116,900 

114,000 

112,500 

114,200 

3437 

70,900 

69,400 

68,000 

68,800 

°  Method  to  be  published. 


procedure  adopted  for  the  assay  of  high-  as  well  as  low-grade 
preparations,  the  blank  sample  is  therefore  back-titrated  im¬ 
mediately  after  the  addition  of  the  iodine  solution,  whereas  with 
the  alkali-inactivated  sample  the  30-minute  interval  is  main¬ 
tained. 

Exam-pie.  A  sample  of  6.386  mg.  of  a  commercial  penicillin 
salt  (bioassay  800  micrograms  per  mg.)  was  dissolved  in  water  and 
the  volume  was  made  up  to  10.0  cc.  A  5-cc.  aliquot  was  pipetted 
into  a  125-cc.  glass-stoppered  flask,  and  10.0  cc.  of  a  0.01  N 
iodine  solution  were  added.  Immediate  back-titration  with 
10.0  N  thiosulfate  showed  that  0.92  cc.  of  0.01  N  iodine  had  been 
consumed.  When  the  back-titration  was  delayed  for  30  minutes, 
practically  the  same  result  (0.95  cc.)  was  obtained. 

The  remainder  of  the  solution  (together  with  the  pipet  wash¬ 
ings)  was  made  alkaline  with  0.50  cc.  of  1  A  sodium  hydroxide. 
After  standing  for  15  minutes,  the  solution  was  neutralized  with 
0.50  cc.  of  1  N  hydrochloric  acid,  treated  with  10  cc.  of  0.01  N 
iodine  solution,  and  back-titrated  after  30  minutes.  The  iodine 
uptake  corresponded  to  4.86  cc. 

Calculation.  Potency  (units  per  mg.)  = 

(4.86  -  0.92)  X  661 


The  factor  661  represents  the  ratio  of  the  potency  of  sodium 
penicillin  G  (1667)  to  the  number  of  cubic  centimeters  of  0.01  N 
iodine  consumed  by  1  mg.  of  alkali-treated  sodium  penicillin  G 
(2.52). 

With  the  use  of  this  procedure  good  correlation  between  the 
iodometric  and  bioassay  values  wras  obtained  on  a  variety  of  care¬ 
fully  bioassayed  solid  sodium  salt  preparations  of  widely  varying 
potency  (Table  I).  Table  II  gives  a  comparison  of  the  values  ob¬ 
tained  by  the  iodometric,  the  alkalimetric  ( 5 ),  and  two  standard 
bioassay  methods  This  survey  was  conducted  in  the  Squibb 
Biological  laboratories  on  solutions  of  commercial  sodium  salt 
preparations  ranging  in  potency  from  900  to  1150  units  per  mg. 


The  figures  show  that  the  agreement  between  the  two  chemica 
methods,  and  between  the  latter  and  the  2-cc.  test  is  in  mos 
cases  satisfactory  enough  for  practical  purposes.  It  is  possibl 
that  the  iodometric  method  can  be  used  for  rapid  control  work  ii 
the  intermediate  stages  of  the  plant  process,  but  no  data  on  sue! 
materials  are  as  yet  available. 

The  iodometric  procedure  has  certain  advantageous  feature 
not  possessed  by  the  alkalimetric  method.  It  requires  less  ma 
terial  than  the  latter,  and  therefore  can  be  applied  to  more  dilut 
solutions;  it  also  can  be  adapted  to  the  assay  of  buffered  solu 
tions,  which  is  valuable  particularly  in  chromatographic  work. 

Finally,  the  'comparison  of  bioassay  figures  with  the  iodometri 
values,  or  for  that  matter  with  the  results  obtained  by  any  assa; 
method  which  measures  the  number  of  penicillin  molecules,  i 
predicated  on  the  condition  that  the  penicillin  in  the  unknow: 
sample  be  of  the  same  type  as  in  the  pure  standard  preparatio: 
used  in  both  kinds  of  assay.  Since  the  various  penicillin  specie 
(F,  G,  X,  K,  etc.)  differ  somewdiat  in  molecular  size,  the  iodin 
consumed  after  alkaline  inactivation  will  be  inversely  propoi 
tional  to  the  molecular  weight.  Consequently,  when  the  com 
position  of  the  unknown  sample  deviates  materially  from  that  c 
the  standard  in  regard  to  the  type  or  types  of  penicillin  presenl 
the  iodometric  value  for  the  unknown  will  not  correspond  exact! 
to  its  penicillin  content  if  the  latter  is  expressed  in  terms  of  mil! 
grams.  However,  the  errors  caused  by  this  circumstance  ar 
comparatively  small  and  may  be  disregarded  in  practice. 

A  more  serious  complication  is  encountered  when  the  iodc 
metrically  measured  penicillin  content  of  an  unknown  sample  i 
expressed  in  terms  of  international  penicillin  units  and  then  com 
pared  with  the  unitage  ascertained  by  biological  assay.  It  i 
well  known  that  the  various  penicillin  species  differ  widely  i 
their  bacteriostatic  potency  towards  the  test  organism  com 
monly  used,  Staph,  aureus.  Thus  the  potencies  of  the  sodiur 
salts  of  penicillins  F,  G,  and  K  determined  by  standard  assa 
methods  employing  this  test  organism  are  1400,  1667,  and  235 
units  per  mg.,  respectively.  It  is  obvious  that  when  the  unitag 
of  an  unknown  preparation  is  computed  from  the  iodometricall 
determined  penicillin  content  by  means  of  the  conversion  facte 
1  mg.  =  1667  units  for  sodium  penicillin  G  (the  Intematioru 
Standard),  marked  discrepancies  from  the  values  ascertained  b 
bioassay  are  to  be  expected  if  penicillins  other  than  G  are  presen 
as  major  components.  Since  quantitative  information  on  th 
latter  point  is  hardly  ever  available,  the  applicability  of  thi 
as  of  any  chemical  method  is  necessarily  restricted  to  the  com 
parative  assay  of  products  similar  in  respect  to  derivation  an 
mode  of  preparation.  Therefore,  in  cases  in  which  the  measure 
ments  reveal  a  consistent  discrepancy  between  the  chemical  an 
the  bioassay  data,  it  is  preferable  to  base  the  computation  c 
unitage  from  the  chemical  assay  on  a  conversion  factor  empirical! 
determined  with  an  impure  standard  preparation  of  the  same  typ 
rather  than  on  the  factor  for  pure  sodium  penicillin  G  given  abovf 
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Spectrophotometric  Changes  during  Oxidation  of 

Vitamin  A  Oils 

GEORGE  R.  HALPERN,  The  Canadian  Fishing  Company  Limited,  Vancouver,  B.  C. 


Both  the  quality  of  the  carrier  oil  and  the  quantity  of  vitamin  A  are 
important  for  the  evaluation  of  fish  liver  oils  containing  vitamin  A. 
The  former  develops  maxima  at  235  and  280  my  during  oxidation. 
These  can  be  used  advantageously  for  estimating  the  quality  of  fish 
liver  oils  by  measuring  the  ratio  E]^  280/328,  and  from  the  per¬ 
centage  by  which  the  absorption  of  the  unsaponifiable  fraction  is 
lower  than  that  of  the  whole  oil  at  280  m y.  The  quantity  of  the 
{vitamin  A  in  oils  of  high  potency  can  be  estimated  from  the  un¬ 
saponifiable  fraction  absorption  at  325  m^  since  the  unsaponifi- 
sble  fraction  does  not  change  appreciably  during  the  early  stages  of 
sxidation. 

FISH  liver  oils  containing  vitamin  A  are  essentially  solutions 
of  the  esters  of  that  vitamin  in  fatty  oil  (carrier  oil) .  It  may 
he  divided  into  two  fractions,  the  saponifiable  and  the  unsapon- 
fiable  carriers — i.e.,  the  portions  respectively  nonextractable 
ind  extractable  with  ether  after  saponification  of  the  oil. 
Knowledge  of  the  quality  of  the  carrier  oil  is  of  utmost  impor¬ 
tance  for  the  over-all  evaluation  of  vitamin  A  oils,  since  carrier 
>ils  containing  degradation  products  due  to  oxidation  have  con- 
iderable  influence  on  the  extinction  coefficient  at  328  m/4  and  the 
Ivhole  vitamin  A  curve.  While  the  vitamin  A  ester  itself  has  a 
'harp  maximum  at  328  rri/4,  biologically  inactive  substances, 
vhich  may  accompany  it,  do  not  show  this  sharp  peak,  but  have 
naxima  at  wave  lengths  sufficiently  close  to  328  m/i  to  pro- 
luce  considerable  absorption  at  this  point,  thus  causing  an  ap¬ 
parent  broadening  of  the  vitamin  A  absorption  band  and  an 
rroneously  high  value  at  this  point.  Oxidized  oils  can  also 
nterfere  with  the  vitamin  A  absorption  in  vivo  (7,  12,  13,  16)  and 
o  inhibit  its  action. 

The  method  of  Oser  et  al.  (18)  of  plotting  absorption  curves  of 
itamin  A  oils  in  terms  of  absorption  ratios  (E\%m  X328)  could  be 
iseful  in  detecting  anomalous  or  oxidized  oils.  However,  the 
aethod  for  measuring  the  ratio  300/328  with  the  limit  of 

.72  for  acceptable  oils  (11, 19)  did  not  prove  satisfactory.  Work 
i  this  laboratory  had  disclosed  the  fact  that  an  oil  could  be  con- 
iderably  oxidized  and  still  show  a  satisfactory  E\^°m  300/328 
atio  and  Oser  et  al.  (19)  showed  that  oils  with  an  acceptable 
I'l^nn.  300/328  ratio  did  not  always  show  the  biological  potency 
lorresponding  to  their  El  '°m  value  at  328  my. 

It  therefore  seemed  desirable  to  study  spectrophotometric 
urves  of  both  components  of  the  carrier  oil,  apart  from  vi- 
amin  A,  during  accelerated  oxidation,  in  an  effort  to  establish 
heir  influence  upon  the  absorption  curve  of  vitamin  A  oils, 
uch  a  study  could  also  be  helpful  in  developing  better  criteria 
>r  the  evaluation  of  vitamin  A  oils. 

EXPERIMENTAL 

. 

Outline  of  Procedure.  Freshly  prepared  oils  were  oxidized 
t  75°  C.,  and  the  absorption  curves  measured  in  the  region  from 
20  to  400  m/i  on  both  the  whole  oil  and  the  unsaponifiable  frac- 
on,  the  difference  between  the  two  representing  the  absorption 
i  the  saponifiable  carrier.  The  absorption  of  a  part  of  oxidized 
itamin  A  which  is  washed  out  during  the  saponification  proce¬ 
dure  (18)  is  also  included  in  the  subtracted  curve.  In  order  to 
btain  the  curve  of  the  unsaponifiable  carrier,  the  unsaponifiable 
action  was  destructively  irradiated.  On  the  assumption  that 
oly  vitamin  A  is  being  destroyed  by  irradiation,  the  absorption 
irve  obtained  after  irradiation  would  represent  the  absorption 


of  the  unsaponifiable  carrier.  By  subtracting  the  absorption 
values  of  the  unsaponifiable  carrier  from  those  of  the  unsaponi¬ 
fiable  fraction  a  vitamin  A  curve  can  be  obtained  representing 
essentially  the  pure  vitamin  A  absorption.  The  values  so  ob¬ 
tained  are  referred  to  as  the  modified  values  (17), 

Preparation  of  Oils.  Two  test  oils  were  used:  a  grayfish 
(Squalus  suckleyi)  liver  oil  and  a  ling  cod  (Ophiodon  elongatus) 
liver  oil.  The  grayfish  liver  oil  was  prepared  by  steaming  minced 
fresh  livers  with  live  steam  for  10  minutes,  and  then  centrifuging; 
the  ling  cod  liver  oil  by  similarly  steaming  minced  fresh  livers  for 
10  minutes,  extracting  the  steamed  livers  with  a  mixture  of 
methylene  chloride  and  ethylene  dichloride,  and  distilling  off  the 
solvent  in  vacuum.  The  oils  showed  a  very  high  stability. 
The  grayfish  oil  especially  had  a  stability  far  in  excess  of  that  ob¬ 
served  on  commercially  prepared  grayfish  liver  oils. 

Apparatus,  Reagents,  and  Procedures.  The  oxidation  of 
the  oils  was  carried  out  at  75°  C.  in  a  constant-temperature  oil 
bath,  using  the  following  technique:  From  0.33  to  0.36  gram  of 
the  oil  was  introduced  into  vials  of  23-mm.  outside  diameter  and 
25  mm.  high.  These  were  then  placed  in  a  frame  bored  with 
holes  which,  when  lined  with  felt,  were  of  a  suitable  size  to  hold 
the  viaLs  firmly  upright.  The  frame  was  kept  immersed  in  an  oil 
bath  maintained  at  a  constant  temperature  of  75°  C.  For  each 
oxidation  4  to  10  vials  were  used.  The  oils  were  heated  for  vary¬ 
ing  lengths  of  time  in  order  to  obtain  oils  at  different  stages  of 
oxidation.  The  oxidized  oils  from  these  vials  were  afterwards 
combined  and  kept  for  analyses  in  full  ampoules  at  —20°  C. 

The  spectrophotometric  analyses  were  carried  out  in  duplicate 
with  a  Beckman  quartz  spectrophotometer,  using  an  ultraviolet 
phototube  and,  as  light  source,  a  hydrogen  discharge  tube  below 
320  m/i  and  a  tungsten  lamp  above  320  m/t.  All  determinations 
were  made  in  quartz  cuvettes  with  isopropanol  as  solvent.  The 
latter  was  purified  by  refluxing  for  one  hour  with  zinc  dust  and 
sodium  hydroxide,  and  then  distilling. 

The  saponifications  were  carried  out  essentially  according  to 
the  method  of  Oser  et  al.  (18).  Blank  saponifications  made  on 
the  reagents  were  used  as  blanks  for  the  spectrophotometric  de¬ 
terminations.  The  irradiation  of  the  saponified  samples  was 
carried  out  with  a  Uviarc  lamp  UA  32A6,  and  a  Corning  filter 
No.  597.  The  quartz  cuvette  containing  the  material  to  be 
irradiated  was  placed  in  a  water-cooled  holder  at  a  distance  of 
about  20  cm.  from  the  lamp  and  irradiated  for  1  hour.  Corning 
filter  597  does  not  give  such  a  sharp  maximum  as  the  arrangement 
used  by  Little  (17)  but  has  a  flat  maximum  at  about  350  m/t  and 
cuts  out  all  wave  lengths  below  300  m/t. 

DISCUSSION  OF  RESULTS 

In  Figures  1  to  10  are  plotted  the  absorption  curves  of  both 
test  oils;  the  numbers  on  the  individual  curves  refer  to  hours 
heated  at  75  °C.  In  Table  I  are  collected  those  characteristic 
values  which  wrere  considered  important  for  the  present  investi¬ 
gation. 

Saponifiable  Carrier.  In  Figures  4  and  9,  representing  the 
absorption  of  the  saponifiable  carrier,  it  can  be  seen  that  during 
oxidation  new  maxima  at  235,  275  to  280,  and  335  to  345  m/t  are 
formed.  The  latter  increases  at  first  but  decreases  in  the  later 
stages  of  oxidation,  indicating  instability  of  the  substance  which 
causes  this  maximum.  Formation  of  the  maximum  at  335  to 
345  m/t  could  be  due  to  oxidation  of  highly  unsaturated  acids 
which  are  known  to  be  present  in  fish  liver  oils. 

The  shape  of  the  curves  of  the  oxidized  saponifiable  carrier  of 
both  test  oils  resembles  the  curves  of  rancid  and  oxidized  fats. 
Holman  et  al.  (14,  15)  found  the  formation  of  the  235  and  275  to 
280  m/t  maxima  during  oxidation  of  dienoic  and  trienoic  acids  and 
of  lard.  Bradley  (2)  made  a  similar  observation  on  heat-bodied 
linseed  oil,  Edisbury  et  al.  (8)  on  ling  oil,  and  Castle  et  al.  (4) 
found  that  vitamin  A  carefully  oxidized  with  chromic  acid  ab¬ 
sorbs  at  275  to  280  m/4. 
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Table  I.  Characteristics  of  Test  Oils  durin 

Whole  Oil _  _ Unsaponifiable 


Time  of 
heating, 

Vitamin 
A  esti- 

Decrease 
in  vitamin 

A  estimate, 

Maximum 

F.F.A., 

Per¬ 

oxide 

260 

e)% 

1  cm. 

280  300 

350 

Vitamin  A 

Decrease 
in  vitamin 

A  estimate, 

Maximum 

280 

1  cm 

300 

350 

hours 

mate6 

% 

at  mjx 

% 

value 

328 

328  328 

328 

estimate  c 

% 

at  m/z 

328 

328 

328 

Original 

19,930 

0 

327 

0.46 

Grayfish  Liver  oil 

0.2  0.22 

(Unsaponifiable  21 

0.37  0.67  0.57 

•0%) 

19,620 

0 

325 

0.34 

0.68 

0.50 

24 

18,600 

6.7 

326 

0.64 

1.9 

0.33 

0.47  0.71 

0.58 

17,660 

10 

325 

0.36 

0.68 

0.51 

45 

17,490 

12.2 

325 

0.71 

3.1 

0.39 

0.54  0.74 

0.57 

16,200 

17.4 

325  • 

0.38 

0.70 

0.51 

136 

12,780 

35.9 

323 

0.91 

5.1 

0.71 

0.87  0.90 

0.58 

10,380 

47.1 

325 

0.40 

0.71 

0.53 

199 

9,300 

53.3 

281 

1.21 

5.6 

1.13 

1.32  1.09 

0.57 

6,900 

64.8 

325 

0.58 

0.81 

0.52 

248 

2,080 

89.6 

5.79 

62.4 

5.53 

3.88  2.12 

0.56 

316 

98.4 

280 

3.68 

2.84 

0.60 

Original 

68,820 

0 

328 

2.3 

Ling  Cod  Liver  Oil  (Unsaponifiable  10.5%) 

0.9  0.14  0.28  0.58  0.62  65,040 

0 

325 

0.26 

0.59 

0.54 

6 

67,740 

1.6 

328 

2.6 

2.3 

0.16 

0.30  0.59 

0.62 

61,640 

5.2 

325 

0.28 

0.61 

0.54 

18 

64,340 

6 . 5 

328 

2.6 

4.8 

0.22 

0.36  0.63 

0.61 

55,420 

14.8 

325 

0.29 

0.61 

0.54 

24 

55,160 

19.8 

328 

2.6 

5.8 

0.29 

0.43  0.67 

0.62 

44,560 

31.5 

325 

0.33 

0.63 

0.55 

32 

33,440 

51.4 

327 

2.8 

11.7 

0.63 

0.78  0.84 

0.58 

26,800 

58.7 

325 

0.40 

0.70 

0.54 

40 

20,800 

69.8 

280 

2.9 

16.4 

1 . 19 

1.35  1.20 

0.59 

15,580 

76.0 

325 

0.56 

0.77 

0.53 

72 

8,960 

87.0 

275 

3.7 

33.0 

3.56 

3.50  2.20 

0.61 

1,540 

97.6 

2.70 

1.88 

0.55 

°  Unsaponifiable  minus  irradiated  unsaponifiable. 
f>  Per  cent  of  absorption  of  whole  oil. 
c  Determined  speetrophotometrically. 


Figures  1  to  5.  Absorption  Curves  of  Fractions  of  Grayfish  Liver  Oi 
Samples  Oxidized  at  75°  C. 


1.  Whole  oil 

2.  Unsaponifiable  fraction 

3.  Modified  values  (unsaponifiable  minus  irradiated  unsaponifiable) 

4.  Whole  oil  minus  unsaponifiable  (saponifiable  carrier) 

5.  Irradiated  unsaponifiable  (unsaponifiable  carrier) 


October,  1946 
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Accelerated  Oxidation  at  75°  C. 

Modified  Values0 


Per  Cent  Extraneous  Absorption  6 


Decrease 

Maxi- 

E\  /0 

1  cm. 

Saponifiable  Carrier 

Unsaponi" 

Vitamin 

in  vitamin 

mum 

At 

At 

At 

fiable 

Total 

A  esti- 

A  estimate 

at 

300 

350 

328 

280 

260 

carrier  at 

at  328 

matec.J 

% 

m/i 

328 

328 

m/x 

m/x 

mu 

328  m/x 

m/x 

Grayfish  Liver  Oil  (Unsaponifiable  21.0%) 

18,060 

0 

325 

0.57 

0.51 

1.6 

20 

19.2 

7.8 

9.4 

16,100 

10.9 

325 

0.53 

0.51 

5.0 

28.4 

34.8 

8.4 

13.4 

14,980 

17.0 

325 

0.56 

0.52 

7.3 

41.0 

41.7 

7.1 

14.4 

9,220 

49.0 

325 

0. 55 

0.54 

18.7 

63.0 

77.7 

9.2 

27.9 

5,900 

67.4 

325 

0.58 

0.54 

25.8 

67.9 

71.4 

10.8 

36.6 

140 

99.2 

0.82 

0.69 

84.8 

75.5 

85.9 

8.5 

93.3 

Ling  Cod  Liver  Oil  (Unsaponifiable  10.5%) 

61,280 

0 

325 

0.48 

0.55 

5.5 

16.1 

12.9 

5 . 5 

11.0 

58,280 

4.9 

325 

0.50 

0.54 

9.0 

17.9' 

23.5 

5 . 0 

14.0 

49,280 

19.6 

326 

0.49 

0.56 

13.9 

34.4 

41.5 

9 . 5e 

23. 4e 

40,400 

34.1 

326 

0.50 

0.57 

19.2 

39.0 

44.1 

7.6 

26.8 

23,980 

60.9 

325 

0 . 55 

0.55 

19.6 

54.6 

60.0 

8.7 

28.3 

13,400 

78.1 

325 

0.52 

0.55 

25  1 

69.4 

73.5 

10.5 

35.6 

940 

98.5 

315 

1.00 

0.58 

82.8 

87.3 

86.6 

7.7 

89.5 

4  Values  too  low,  owing  to  absorption  of  irradiated  vitamin  A. 
‘  Value  too  high,  owing  to  insufficient  irradiation  of  sample. 


standpoint,  result  in  only  a  slight  increase  and 
are  possibly  of  little  value  as  criteria.  At  260  and 
280  m/x  the  per  cent  of  extraneous  absorption  in¬ 
creases  significantly  during  the  first  stages  of  oxida¬ 
tion.  It  is  most  pronounced  at  260  m/x  because 
here  the  influence  of  the  235  m/x  maximum  is 
greater  than  at  280  m/x.  Both  points,  however, 
could  be  used  as  criteria.  A  certain  advantage  can 
be  given  to  the  260  m/x  point,  at  which  wave  length 
the  determination  can  be  carried  out  more  accu¬ 
rately  on  the  flat  of  the  curve. 

Unsaponifiable  Carrier.  It  is  obvious  that 
vitamin  A  determinations  should  not  be  carried 
out  on  the  whole  oil.  The  determination  on  the 
unsaponifiable  fractions  will  be  sufficient  in  cases 
where  the  extraneous  absorption  of  the  saponifiable 
carrier  does  not  change  considerably  during  the  first 
stages  of  oxidation.  Commercially  prepared  oils 
which  frequently  are  slightly  oxidized  would  thus 
not  give  erroneously  high  absorption  values  at  325 
m/x  when  determined  on  the  unsaponifiable  frac¬ 
tions  and  calculated  with  a  uniform  factor. 


The  appearance  of  the  new  maxima  during  oxidation  is  gener- 
dly  attributed  to  the  formation  of  different  conjugated  systems, 
jroduced  by  isomerization  in  the  case  of  unconjugated  fats  and 
>y  the  destruction  of  a  part  of  the  four  conjugated  double  bonds 
n  the  case  of  vitamin  A.  Both  components  of  the  oxidized 
iaponifiable  carrier  (fatty  acid  and  oxidized  vitamin  A)  can 
herefore  be  responsible  in  various  degrees  for  the  formation  of 
he  275  m/x  band.  The  extinction  coefficients  of  conjugated 
atty  acids  are  of  such  a  high  order  (3)  that  their  formation  even 
n  small  quantities  can  markedly  affect  the  shape  of  the  vitamin 
V  curve. 

It  can  be  seen  in  Figures  1  and  6  that  the  whole  left  side  of  the 
dtamin  A  curve  is  affected  by  the  formation  of  the  three  new 
naxima.  The  minimum  of  the  vitamin  A  curve  at  260  m/x 
teadily  increases  during  oxidation  despite  loss  in  potency.  This 
■auses  a  broadening  of  the  curve,  an  increase  of  the  Ex  '°m  300/328 
atio,  and  a  shifting  of  the  328  him  peak  to  a  lower  wave  length  in 
he  later  stages  of  oxidation.  By  studying  the  curves  of  the 
iaponifiable  carrier  (Figures  4  and  9)  it  can  be  seen  that  the 
joint  at  260  m/x  (minimum  of  vitamin  A  curve)  or  at  about  280 
n/x  (maximum  of  the  saponifiable  carrier)  is  more  indicative  for 
aking  the  ratio  than  the  300  mji  point.  At  these  points  the 
5 j  om.  values  increase  during  oxidation,  while  at  the  same  time 
values  at  328  m/x  decrease  (Figures  1  and  6).  At  300  m/x 
.he  E\°^m  values  remain  rather  constant  while  those  at  328  m/x 
lecrease.  The  point  at  300  m/x  was  apparently  empirically 
elected  not  for  any  significance  in  the  detection  of  extraneous 
ibsorption  but  for  the  convenience  of  taking  readings  at  a  wave 
ength  where  the  use  of  quartz  cuvettes  and  of  a  hydrogen  dis¬ 
charge  lamp  is  unnecessary.  In  Figure  11  are  plotted  the  ratios 
’f  300/328,  280/328,  and  260/328  of  the  oxidized  test  oils. 
The  steeper  curves  of  the  260  and  280  ratios  are  the  graphical 
•esults  of  the  considerations  mentioned  above. 

The  extraneous  absorption  (expressed  in  per  cent  of  the  ab- 
lorption  of  the  whole  oil)  of  the  saponifiable  carrier  steadily  in- 
ireases  during  oxidation  and  could  also  be  used  as  a  criterion  for 
he  evaluation  of  the  quality  of  vitamin  A  oils.  At  328  m/x  the 
extraneous  absorption  of  the  saponifiable  carrier  increases  only 
lightly  during  oxidation,  the  increase  being  dependent  mostly  on 
ormation  of  the  maxima  at  275  to  280  m/x  and  at  335  to  345  m/x. 
The  increase  in  per  cent  extraneous  absorption  is  therefore 
nainly  due  to  the  decrease  of  vitamin  A.  Such  an  increase  of  per 
cent  extraneous  absorption  at  328  m/x  was  also  observed  by  Oser 
t  al.  (18)  on  different  high-potency  oils  and  by  Coy  et  al.  (5,  6) 
>n  cod  liver  oils.  It  can  be  seen,  however,  in  Figure  12,  that  the 
irst  stages  of  oxidation,  which  are  important  from  the  practical 


Curves  showing  essentially  the  absorption  of  the  unsaponifiable 
carrier  are  represented  in  Figures  5  and  10.  The  vitamin  A 
appears  to  be  destroyed  in  all  samples  by  irradiation  of  the  un¬ 
saponifiable  fraction,  with  the  exception  of  the  18-hour  sample  of 
ling  cod  liver  oil.  It  can  be  seen  in  the  curves  of  both  test  oils 
that  a  new  maximum  at  270  m/x  appeared  during  irradiation.  It 
represents  a  substance  formed  from  vitamin  A  during  destructive 
irradiation.  The  formation  of  a  similar  maximum  at  275  m/x 
during  irradiation  of  vitamin  A  acetate  was  observed  by  Sobotka 
et  al.  (21).  The  absorption  band  of  the  irradiated  unsaponifiable 
fraction  includes,  therefore,  not  only  the  absorption  of  substances 
originally  present  in  the  unsaponifiable  fraction,  but  also  that  of 
the  irradiation  product  of  vitamin  A. 

The  additional  absorption  of  the  irradiation  product  of  vitamin 
A  affects  considerably  the  curves  of  the  modified  values  (Figures 
3  and  8)  which,  as  mentioned  above,  are  obtained  by  subtraction. 
The  entire  left  side  of  the  modified  curves  appears  steeper  and  re¬ 
sults  in  negative  values  below  280  m/x.  Part  of  the  absorption  at 
325  m/x  can  be  caused  by  the  absorption  of  the  irradiation  product 
which  seems  to  extend  beyond  325  m/x,  with  the  result  that  the 
modified  vitamin  A  value  appears  to  be  too  low. 

During  oxidation  of  the  test  oils  the  absorption  of  the  irra¬ 
diated  samples  at  325  m/x  showed  a  tendency  to  decrease  but  the 
differences  were  within  the  range  of  experimental  error.  It  can 
therefore  be  assumed  that  no  significant  changes  occur  in  the 
unsaponifiable  carrier  during  the  first  stages  of  oxidation  of  either 
test  oil  at  325  m/x.  The  determination  of  the  modified  values  is 
therefore  not  justified. 

The  unsaponifiable  carrier  of  the  ling  cod  liver  oil  (Figure  10) 
shows  no  pronounced  maxima  caused  by  components  originally 
present  in  this  fraction.  The  unsaponifiable  carrier  of  grayfish 
liver  oil  (Figure  5),  on  the  other  hand,  contains  substances  ab¬ 
sorbing  at  about  238  m/x.  The  absorption  of  these  substances 
partly  masks  the  absorption  of  irradiated  vitamin  A  at  270  m/x. 
The  absorption  at  238  m/x,  however,  does  not  affect  the  325  m/x 
point.  It  remains  constant  in  the  first  stages  of  oxidation,  but 
decreases  considerably  later.  In  order  to  identify  the  sub¬ 
stances,  the  unsaponifiable  fraction  of  a  grayfish  liver  oil  was 
chromatographed,  using  Swain’s  method  (22)  of  the  flowing 
chromatogram.  The  absorption  curves  of  three  fractions  ob¬ 
tained  by  elution  with  different  solvents  are  presented  in  Figure 
13.  The  amount  of  absorption  of  the  separate  fractions  is  ex- 
pressed  in  E l  c°m  values  based  on  the  weight  of  the  total  unsaponi¬ 
fiable  fraction.  The  absorption  curve  for  the  vitamin  A  eluate 
is  omitted  in  the  figure.  It  can  be  seen  that  the  main  substance 
absorbing  at  238  m/x  belongs  to  the  glyceryl  ether  fraction,  prob- 
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Figures  6  to  10.  Absorption  Curves  of  Fractions  of  Ling  Cod  Liver  Oil 
Samples  Oxidized  at  75°  C. 


6.  Whole  oil 

7.  Unsaponifiable  fraction 

«  w,?d,iflecl,  values  (unsaponifiable  minus  irradiated  unsaponifiable) 
r  h?le  0,1  minus  unsaponifiable  (saponifiable  carrier) 

10.  Irradiated  unsaponifiable  (unsaponifiable  carrier) 


ably  being  a  higher  unsaturated  homolog  of  selachyl  alcohol  (20). 
Another  substance  absorbing  very  strongly  at  238  mji  was  dis¬ 
covered  in  the  methanol  eluate.  This  substance  of  unknown  con¬ 
stitution  is  present  in  only  very  small  quantities. 

Although  the  unsaponifiable  carrier  of  the  two  test  oils  did 
not  show  oxidizable  substances  which  would  affect  considerably 
the  absorption  curve  of  vitamin  A,  some  fish  liver  oils  can  contain 
substances  which  carry  through  to  the  unsaponifiable  fraction 
and  produce  an  anomalous  vitamin  A  curve.  In  presence  of  such 
substances  as  kitol  (10),  vitamin  A2  (9),  anhydro  vitamin  A 
(20),  and  others,  an  accurate  estimate  of  vitamin  A  by  means 
mentioned  above  is  impossible.  The  commercial  conversion 


factor  of  2000  allows  a  certain  amount  of  extraneous  absorption 
in  all  oils  because  the  crystalline  vitamin  A  alcohol  was  shown 
to  have  a  conversion  factor  2460  (1).  In  cases  where  the  sub¬ 
stances  which  produce  excessive  extraneous  absorption  in  the 
unsaponifiable  fraction  do  not  interfere  with  the  Carr-Price  reac¬ 
tion,  the  colorimetric  estimate  can  be  used  advantageously  (19). 

CONCLUSIONS 

The  ratio  280/328  was  found  more  indicative  of  the  qual¬ 

ity  of  fish  liver  oils  containing  vitamin  A  than  the  ratio  E\^mi 
300/328  since,  while  the  300  m^  point  was  arbitrarily  selected, 
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V.  LOSS  VITAMIN  A 

igure  11.  Changes  in  Absorption 
!atios  of  Test  Oil  Samples  Oxidized 
at  75°  C. 

1.  Grayfish  liver  oil,  ratio  260/328 

2.  Grayfish  liver  oil,  ratio  280/328 

3.  Grayfish  liver  oil,  ratio  300/328 

4.  Lins  cod  liver  oil,  ratio  260/328 

5.  Lins  cod  liver  oil,  ratio  280/328 

6.  Lins  cod  liver  oil,  ratio  300/328 
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X  LOSS  VITAMIN  A 

Figure  12.  Per  Cent  Absorption  of 
Saponifiable  Carrier 


Whole  oil,  minus  unsaponifiable  ^ 
whole  oil 

1.  Grayfish  liver  oil  at  260  m/x 

2.  Grayfish  liver  oil  at  280  m/x 

3.  Grayfish  liver  oil  at  328  m/x 

4.  Lins  cod  liver  oil  at  260  m/x 

5.  Lins  cod  liver  oil  at  280  m/x 

6.  Lins  cod  liver  oil  at  328  m/x 


240  280  320  360 

m  Jd 

Figure  1  3.  Absorption  Curves  of  Frac¬ 
tions  of  Unsaponifiable  Grayfish  Liver 
Oil  Obtained  by  Flowing  Chromatog¬ 
raphy 

E:  values  calculated  on  basis  of  total  un- 

i  cm. 

saponifiable 

1.  Petroleum  ether,  eluate,  1.4%  (hydrocarbons) 

2.  Ether  eluate,  81 .4%  (slycery  I  ethers) 

3.  Chimyl  alcohol,  m.p.  59.5-50°,  crystallized 

from  ether  eluate,  20.8% 

4.  Methanol  eluate,  2.6% 

Not  shown,  benzene  eluate  (vitamin  A  and  steiols), 

11.2% 


e  saponifiable  carrier  develops  at  280  m/x  a  definite  maximum 
lring  oxidation.  The  formation  of  this  maximum  is  responsible 
r  the  increase  in  the  ratios  on  the  left  slope  of  the  vitamin  A 
irve  in  oxidized  fish  liver  oils.  The  280  m/x  point  shows  there- 
re  a  proportionately  greater  increase  in  its  absorption  value  at 
e  same  degree  of  oxidation  than  the  300  m/x  point.  Alterna¬ 
tely,  the  ratio  260/328  could  be  used  because  at  260  m/x, 

e  minimum  in  the  vitamin  A  curve,  the  determination  can 
s  carried  out  more  accurately  than  on  the  slope.  The  260  m/x 
>int  is  not  only  affected  by  the  maximum  at  280  m/x,  but  also 
t  the  increased  absorption  at  wave  lengths  lower  than  260  m/x 
.used  by  oxidation  of  the  saponifiable  carrier. 

Considering  the  great  difference  in  the  ratios  of  both  original 
st  oils,  it  seems  that  the  establishment  of  a  definite  limit  for  its 
agnitude  for  evaluating  the  quality  of  fish  liver  oils  is  not  satis- 
ctory.  A  rigorous  limitation  for  good  oils  and  a  range  for  doubt- 
1  ones  would  be  more  satisfactory.  It  is  suggested  that  in  doubt- 
1  cases  the  percentage  of  extraneous  absorption  of  the  saponi- 

1  or  i  07 

E ic°m  whole  oil  —  £1  °m  unsaponifiable 

ible  carrier  - : - - ; -  X  100  at 

E\  cm.  whole  oil 

>0  or  260  m/x  might  be  helpful  in  the  estimation  of  the  quality 
fish  liver  oils. 

From  the  present  work  and  from  other  experience  in  this  labo- 
tory  it  appears  that  the  value  of  0.72  for  the  ■E’lf’m.  300/328  in- 
cates  that  oxidation  has  taken  place,  in  the  case  of  high-potency 
Is  at  least.  Further  work,  particularly  biological,  will  be  neces- 
ry  to  establish  proper  limitations  of  the  values  to  be  used  as 
iteria. 

The  irradiation  technique  for  determining  vitamin  A  was  not 
und  suitable  for  high-potency  fish  liver  oils  because  the  irra- 
:ated  vitamin  A  which  has  a  maximum  at  about  275  m/x  shows  a 
rtain  absorption  at  325  m/x.  This  results  in  the  modified  ab- 
rption  values  at  325  m/x  being  too  low. 

In  both  test  oils  the  absorption  of  the  unsaponifiable  carrier  at 
!5  m/x  was  found  to  remain  stable  during  oxidation.  Taking 
to  account  the  fact  that  the  unsaponifiable  fraction  of  grayfish 
rer  oil  is  composed  mostly  of  glyceryl  ethers  and  that  of  ling  cod 
./er  oil  of  cholesterol,  it  appears  that  a  fairly  accurate  estimation 
.  the  quantity  of  vitamin  A  can  be  made  in  high-potency  fish 


liver  oils  on  the  unsaponifiable  fraction,  even  when  the  oils  are 
oxidized. 
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Indirect  Calibration  of  the  Filter  Photometer  by  Means 

of  the  Spectrophotometer 

Considerations  on  Use  of  Standards 


C.  L.  COMAR,  Florida  Agricultural  Experiment  Station,  Gainesville,  Fla. 


Absorption  spectra  are  very  sensitive  to  changes  in  molecular  struc¬ 
ture  which  may  otherwise  pass  unnoticed,  and  serious  errors  occur  in 
filter  photometry  and  spectrophotometry  unless  the  absorption  co¬ 
efficients  of  the  standards  are  identical  with  those  of  the  unknown  in 
the  measured  solution.  Changes  in  the  absorption  of  the  standard 
may  result  from  standing  or  from  chemical  treatment  during  the  isola¬ 
tion  procedure.  This  situation  occurs  frequently,  since  standards 
are  usually  subject  to  a  rigorous  purification  process  whereas  the 
analytical  determinations  are  usually  made  on  simple  extracts  in 
which  the  substance  measured  has  had  little  opportunity  to  undergo 
degradation.  This  type  of  error  can  be  avoided  and  the  method 
simplified  by  use  of  appropriate  calibration  procedures  which  may 
involve  interchangeability  of  spectrophotometric  data. 

COLORIMETRIC  and  spectrophotometric  analytical  meth¬ 
ods  may  be  broadly  classified  into  two  groups:  those  in 
which  the  substance  or  element  is  treated  with  a  reagent  to  form 
a  system  having  suitable  colorimetric  properties  and  those  in 
which  the  substance  itself  has  absorption  characteristics  suitable 
for  the  analytical  measurement.  By  far  the  greater  number  of 
colorimetric  methods  fall  into  the  first  category,  and  adequate  re¬ 
views  have  been  published  emphasizing  the  limitations  and  the 
precautions  to  be  observed  with  this  type  of  method  (7,  8). 
While  comparatively  few  systems  are  found  in  the  second  group, 
many  of  the  biologically  important  compounds,  especially  the 
complex  substances  of  high  molecular  weight,  have  absorption 
spectra  which  allow  measurement  without  the  need  for  chemical 
transformations. 

If  the  analytical  results  are  to  have  any  meaning,  it  is  essential 
that  the  absorption  spectrum  of  the  standard  be  identical  with 
that  of  the  compound  under  consideration  as  measured  in  the  un¬ 
known  solution.  This  paper  emphasizes  the  precautions  which 
should  be  observed  where  absorption  spectra  of  purified  sub¬ 
stances  are  used  for  analytical  purposes,  and  more  particularly 
where  purified  substances  are  used  as  calibration  standards  in 
filter  photometry.  Advantages  of  an  indirect  method,  which 
involves  calibration  of  the  filter  photometer  by  means  of  the 
spectrophotometer  and  established  absorption  coefficients,  are 
presented.  Although  this  work  has  been  developed  employing 
photoelectric  colorimeters,  the  method  should  be  applicable  to 
visual  instruments  as  well. 

SPECTROPHOTOMETRIC  METHODS 

\\  ithin  the  past  few  years  the  availability,  at  reasonable  cost, 
of  commercial  spectrophotometers  capable  of  absolute  absorp¬ 
tion  measurements  has  placed  this  facility  at  the  disposal  of  a 
great  many  laboratories  throughout  the  country.  While  the  use 
of  published  absorption  coefficients  must  always  be  approached 
with  caution,  it  seems  evident  that  if  the  physical  and  instru¬ 
mental  factors  are  satisfactorily  taken  into  account,  significant 
errors  should  not  be  introduced  by  using  coefficients  on  instru¬ 
ments  other  than  the  one  on  which  they  were  established  (see  4 
for  definition  of  absorption  coefficient).  Methods  are  available 
by  which  the  worker  can  determine  for  himself  that  his  individual 
spectrophotometer  is  giving  linear  response,  is  in  proper  wave¬ 
length  adjustment,  and  that  significant  amounts  of  scattered 
radiation  are  absent  ( 6 ,  9) . 


The  size  of  the  spectral  region  isolated  is  a  factor  which  mus 
be  considered  in  terms  of  the  substance  being  measured.  Sine 
any  given  measurement  represents  the  integrated  absorptioi 
over  the  spectral  region  isolated,  it  follows  that  an  inst rumen 
capable  of  giving  absolute  absorption  coefficients  for  a  substanc 
with  a  broad  maximum  may  not  be  satisfactory  for  a  substanc. 
with  a  narrow  absorption  peak.  Table  I  (2)  shows  the  effect  o 
the  spectra]  region  isolated  on  the  absorption  coefficients  o 
chlorophyll  A  in  diethyl  ether  solution;  these  measurements  wer. 
made  with  a  photoelectric  spectrophotometer  at  Purdue  Univer 
sity  similar  to  that  described  by  Hogness,  Zscheile,  and  Sidwel 
[6)  but  containing  a  Miiller-Hilger  double  monochromator.  I 
is  clear  that  for  absolute  measurements  on  this  particular  systen 
the  spectral  region  isolated  should  not  exceed  31  to  36  A.  ai 
6600  A.,  or  about  60  A.  at  4290  A.;  at  the  broad  minimum  neai 
4720  A.  significant  errors  are  not  introduced  even  when  the  regior 
isolated  approaches  1 55  A.  Zscheile  et  al.  (15)  have  reported  sim- 
liar  information  for  /3-carotene.  These  data  illustrate  how  this 
particular  instrumental  requirement  for  absolute  measurements 
on  a  given  system  may  be  determined.  The  spectral  region  iso¬ 
lated  for  given  slit  settings  on  an  instrument  may  usually  be  ob¬ 
tained  from  the  manufacturer’s  specifications  but  should  be 
checked  by  established  methods  (6) . 

It  is  axiomatic  that  a  worker  should  determine  absorption  co¬ 
efficients  on  his  own  instrument  whenever  possible.  In  the  case 
of  many  of  the  biologically  important  substances,  however,  it  is 
'  ery  difficult  to  obtain  the  isolated  highly  purified  material  with 
its  absorption  properties  unaltered;  in  other  words,  differences 
between  laboratories  may  more  often  be  due  to  variations  in  the 
samples  measured  than  to  instrumental  differences.  It  is  in  such 
instances  that  interchangeability  of  spectrophotometric  data  be¬ 
comes  of  definite  advantage.  Zscheile,  Comar,  and  Mackinney 
(U)  exchanged  samples  and  solutions  of  purified  chlorophylls 
and  inorganic  salts  (Weigert’s  solution)  and  made  comparative 
measurements  on  the  Purdue  spectrophotometer  mentioned 
above  and  another  instrument  described  by  Smith  (11).  There 
were  no  instrumental  differences  and  it  was  evident  that  inter¬ 
changeability  of  data  on  the  systems  studied  was  feasible.  Co¬ 
mar  (3)  showed  that  absolute  absorption  coefficients  for  the 
chlorophyll  components  as  determined  on  the  Purdue  spectro¬ 
photometer  could  be  used  with  a  Cenco-Sheard  spectrophotel- 
ometer  to  give  accurate  analytical  results.  Vandenbelt,  Forsyth, 


„.^ect  Spectral  Region  Isolated  on  Absorption 
Coefficients  of  Chlorophyll  A  in  Diethyl  Ether  Solution 


Table  I. 

i 

Wave  Length  6600  A. 


(Maximum) 


Region, 
isolated  (A.) 

Logio  j 

10 

0.442 

15 

0.445 

20 

0.444 

25 

0.442 

31 

0.442 

36 

0.437 

41 

0.430 

51 

0.424 

61 

0.416 

71  - 

0.409 

81 

0.402 

102 

0.389 

153 

0.359 

Wave  Length  4290  A. 


(Maximum) 

Region, 

Lot  u 

isolated  (A.) 

•  l 

10 

0.582 

13 

0.581 

16 

9.581 

21 

0.582 

26 

0.583 

33 

0.581 

41 

0.581 

49 

0.576 

66 

0.574 

82 

0.568 

99 

0.563 

114 

0.556 

164 

0.536 

Wave  Length 

4720  A. 

(Minimum) 

Region 
isolated  (A.) 

Logio  j 

9 

0.484 

11 

0.486 

13 

0.484 

18 

0.487 

22 

0.486 

33 

0.485 

44 

0.486 

55 

0.487 

66 

0.487 

89 

0.487 

110 

0.486 

155 

0.489 

177 

0.492 
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and  Garrett  (12)  have  demonstrated  that  a  Beckman  spectro¬ 
photometer  can  give  absolute  absorption  coefficients  with  certain 
inorganic  salts  and  the  natural  Vitamin  A  ester.  It  is  obvious 
then  that  interchangeability  of  spectrophotometric  data  on  a 
sound  basis  will  soon  be  possible  among  many  laboratories. 

The  sensitivity  of  the  absorption  spectra  of  complex  organic 
compounds  to  changes  in  molecular  structure  is  a  disadvantage 
in  analytical  studies.  Small  modifications  of  the  structure  of 
high  molecular  weight  compounds,  such  as  changes  in  the  degree 
of  conjugation  of  double  bofids  or  in  the  elements  comprising  the 
conjugated  system,  can  scarcely  be  detected  by  ordinary  chem¬ 
ical  methods  and  yet  they  may  profoundly  influence  the  absorp¬ 
tion  characteristics.  Therefore  it  should  always  be  ascertained 
that  the  spectrum  of  the  compound  in  question  has  not  under¬ 
gone  any  change  during  the  isolation  and  purification  procedure 
prior  to  determination  of  the  absolute  absorption  coefficients. 
This  can  be  done  critically  and  conveniently  by  employing  the 
absolute  absorption  coefficients  at  several  wave  lengths  for  the 
analysis  of  the  simple  extract.  As  an  illustration,  consider  the 
chlorophyll  components;  it  was  necessary  to  demonstrate  that 
the  absorption  of  the  chlorophylls  after  rigorous  purification  was 
identical  with  that  of  the  pigments  after  immediate  extraction  of 
the  leaf  material  with  solvent.  Comar  and  Zscheile  (5)  obtained 
analytical  agreement  between  measurements  at  several  wave 
lengths  when  simple  plant  extracts  were  analyzed  spectrophoto- 
metrically  using  the  established  absorption  coefficients,  which  was 
considered  sufficient  evidence  for  the  validity  of  the  original 
absorption  data.  The  analytical  results  are  extremely  sensitive 
to  changes  in  the  absorption  and  satisfactory  values  are  not  ob¬ 
tained  if  there  are  significant  discrepancies  in  the  absorption  data. 
This  procedure  may  also  be  used  to  determine  the  adequacy  of  a 
spectrophotometer  for  a  given  compound  when  a  purified  prepa¬ 
ration  is  unobtainable.  For  instance,  if  a  simple  plant  extract 
were  analyzed  satisfactorily  for  the  chlorophyll  components  at 
several  wave  lengths  using  established  absorption  coefficients, 
this  would  indicate  that  the  particular  spectrophotometer  was 
adequate  for  absolute  measurements  on  this  system. 

FILTER  PHOTOMETRY 

Whenever  possible  it  is  desirable  that  a  spectrophotometric 
method  be  adapted  for  use  with  the  photoelectric  colorimeter. 
Practically  every  laboratory  has  a  colorimeter  available  and  this 
instrument  is  less  complicated  and  more  easily  used  than  the  spec¬ 
trophotometer.  Absolute  absorption  measurements  are  not  pos¬ 
sible  with  today’s  photoelectric  colorimeter  and  each  instrument 
must  have  its  own  calibration  curve  for  each  substance.  Inter¬ 
changeability  of  calibration  and  absorption  data  is  not  to  be 
recommended  even  between  instruments  of  the  same  make  and 
design. 

The  filter  photometer  is  usually  calibrated  by  using  weighed 
amounts  of  the  purified  compound  and  making  up  solutions  of 
known  concentration.  Some  function  of  the  absorption  of  each 
solution  is  plotted  against  the  concentration  to  give  the  calibra¬ 
tion  curve.  In  the  case  of  labile  substances,  this  method  may 
produce  errors  which  pass  unnoticed  and  are  therefore  all  the 
more  serious.  This  situation  arises  because  the  substance  used  for 
the  calibration  standard  has  usually  been  exposed  to  conditions 
during  isolation,  purification,  and  storage  which  may  cause 
changes  in  the  absorption,  whereas  the  analytical  measurements 
are  customarily  made  on  simple  extracts  in  which  absorption 
changes  are  at  a  minimum.  This  type  of  error  is  illustrated 
below. 

A  practical  solution  to  this  problem,  where  absorption  coeffi¬ 
cients  have  been  established,  involves  calibration  of  the  photo¬ 
electric  colorimeter  by  means  of  spectrophotometric  measure¬ 
ments  on  the  simple  extract.  This  method  has  proved  entirely 
satisfactory  for  chlorophyll  analysis  ( 1 ,  4)-  The  general  proce¬ 
dure  is  as  follows: 


The  worker  prepares  a  simple  extract  in  the  manner  decided 
upon  for  the  colorimetric  analysis.  From  the  original  extract  a 
series  of  known  dilutions  is  made  which  covers  the  optimum  logio 

I  range  of  the  colorimeter  to  be  used.  The  absorbency  of 

each  dilution  is  measured  on  the  colorimeter,  and  an  aliquot  of  the 
original  extract  is  measured  on  a  spectrophotometer  which  is 
known  to  be  satisfactory  for  absolute  measurements  on  the  sys¬ 
tem  under  study.  The  concentration  of  each  of  the  dilutions 
used  for  the  colorimetric  measurement  can  then  be  calculated 
from  the  spectrophotometric  value,  and  the  calibration  curve 
constructed. 

Table  II  (see  4  for  details)  shows  the  results  obtained  with 
chlorophyll  by  this  method  and  also  points  out  the  deviations 
which  resulted  when  various  purified  preparations  were  used 
as  calibration  standards.  The  spectrophotometric  as  well  as  the 
colorimetric  measurements  were  made  on  aliquots  from  the  same 
leaf  extract.  These  data  support  the  viewpoint  that  colorimetric 
results  must  be  viewed  with  suspicion  where  the  calibration  stand¬ 
ard  has  not  been  studied  spectrophotometrically. 

Table  III  shows  how  this  indirect  method  of  calibration  may  be 
employed  for  the  determination  of  total  carotene. 

In  this  study  a  Fisher  Electrophotometer  was  used  with  23-ml. 
cylindrical  cells,  and  the  425  filter  supplied  with  the  instrument. 
The  data  for  the  direct  calibration  were  obtained  in  the  usual  way 
by  using  weighed  amounts  of  crystalline  carotene  (90%  0, 
10%  a,  from  S.M.A.  Corporation)  in  hexane.  This  sample  of 
carotene  had  been  stored  under  vacuum,  in  the  dark,  at  refriger¬ 
ator  temperature  until  used.  For  the  indirect  calibration  a  plant 
extract  was  prepared  from  fresh  carrots  according  to  the  method 


Table  II.  Per  Cent  Deviation  from  Spectrophotometric  Value  for 
Total  Chlorophyll 

Photoelectric  Colorimeter  Calibrated  with 


Plant  Leaf 

Chlorophyll 
in  plant 

Chlorophyll 

Chlorophyll 

Chlorophyll 

Material 

extract 

sample  Z.-C.“ 

sample  1*> 

sample  2C 

Norway  maple 

3 . 5 

22.6 

35.2 

75.9 

Muskmelon 

1.0 

21.1 

37.7 

82.9 

Alfalfa 

-3.9 

14.7 

30.0 

70.4 

Crimean 

1.8 

23.0 

35.0 

76.7 

linden 

Tomato 

0 

20. 1 

37.3 

78. 1 

Lima  bean 

-3.7 

13.3 

32.1 

69.7 

Watermelon 

9.8 

30.8 

49.0 

94.4 

Peanut 

-4.8 

14.8 

29.2 

72.2 

Bush  string 

-1.6 

12.0 

39.1 

67.4 

bean 

Pepper 

-1.0 

12.8 

36.0 

67.0 

Oats 

—  3.5 

16.3 

32.2 

71.3 

Wheat 

-2.0 

18.3 

33.7 

74.8 

Broccoli 

-6.2 

13.8 

27.5 

69.2 

Spinach 

-4.0 

16.0 

32.0 

70.4 

Beets 

-2.7 

19.  1 

41.8 

72.7 

Carrot 

-3.3 

16.7 

32.5 

73.2 

Blue  grass 
Sunflower 

-0.8 

18.5 

34.3 

74.6 

-4.8 

14.3 

31.2 

72.5 

Rhubarb 

0 

20.3 

36.7 

77.2 

Black  locust 

-7.3 

13.3 

27.6 

67.3 

Hollyhock 

-4.2 

15.7 

31.5 

72.7 

Peach 

10.0 

32.4 

50.7 

99.1 

Clover 

-2.2 

16.4 

30.3 

69.3 

Burdock 

-4.3 

14.7 

32.2 

73.9 

a  Prepared  by  method  of  Zscheile  and  Comar  (13),  absorption  coefficient 
at  6600  A.  in  diethyl  ether  83  liters  per  gram  cm. 

&  Research  grade  commercial  chlorophyll,  absorption  coefficient  at  6600  A. 
in  diethyl  ether  44  liters  per  gram  cm. 

c  Research  grade  commercial  chlorophyll,  absorption  coefficient  at  6600  A. 
in  diethyl  ether  33  liters  per  gram  cm. 


Table  III.  Data  for  Calibration  of  Photoelectric  Colorimeter  for 
Carotene  Analyses 

(Direct  calibration  using  crystalline  carotene  compared  with  indirect  method 
using  spectrophotometric  determination  on  plant  extract) 

Direct  Calibration  with  Indirect  Calibration  with 

Crystalline  Carotene _  _ Plant  Extract 


C  arotene 

To 

Carotene 

Io 

concentration 

Logio  j 

concentration 

Log.o  j 

Mg./l. 

Mg./l. 

4.73 

0.802 

4  53 

0.796 

3.15 

0.695 

3.02 

0. 675 

2.10 

0. 552 

2.01 

0.529 

1.40 

0.417 

1.34 

0.412 

0.93 

0.312 

0 . 90 

0.296 

0.62 

0.207 

0.60 

0.205 

0.41 

0.  140 

0.40 

0.  143 

628 
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of  Moore  (10).  Aliquots  of  this  extract  were  measured  on  the 
colorimeter  and  the  carotene  concentrations  were  determined  by 
measurements  at  4520  A.  on  a  Beckman  spectrophotometer, 
using  the  absorption  coefficients  as  reported  for  pure  carotenes  in 
hexane  by  Zscheile  et  al.  (15).  The  slit  width  was  0.03  mm.  and 
1-cm.  cells  were  employed. 

These  data,  when  plotted,  .give  essentially  the  same  calibration 
curve.  This  indicates  that  when  a  good  preparation  of  carotene 
is  used,  the  analytical  results  will  be  the  same  with  either  the 
direct  or  indirect  method  of  calibration.  Any  discrepancy  in  a 
comparison  of  this  type  will  probably  be  due  to  deterioration  of 
the  crystalline  carotene  standard,  so  that  the  indirect  calibra¬ 
tion  curve  is  considered  the  more  reliable. 

ADVANTAGES  OF  INDIRECT  CALIBRATION 

The  fundamental  advantage  of  the  indirect  method  of  calibra¬ 
tion  as  outlined  here  is  the  reliability  of  the  results  obtained, 
which  will  lead  to  dependable  interlaboratory  agreements  where 
this  situation  is  pow  far  from  satisfactory  in  many  cases. 
Another  advantage  lies  in  the  simplicity  of  the  indirect  method. 
After  the  details  have  been  worked  out,  the  spectrophotometric 
determination  on  an  aliquot  of  the  extract  is  usually  a  simple 
matter  of  making  measurements  on  a  solution  at  a  few  given  wave 
lengths.  It  can  usually  be  arranged  to  have  the  solutions 
shipped  to  another  laboratory  for  the  spectrophotometric  meas¬ 
urement,  if  necessary.  This  practice  eliminates  .the  need  for  ob¬ 
taining  the  purified  material  either  by  purchase  or  preparation 


and  for  its  carefully  controlled  storage,  and  eliminates  the  opera¬ 
tion  of  weighing  out  the  standard  and  the  necessity  for  spectro¬ 
photometric  study  of  the  standard  prior  to  each  use. 

LITERATURE  CITED 

(1)  Benne,  E.  J.,  Rose,  D.  I.,  and  Comar,  C.  L.,  /.  Assoc.  Official 

Agr.  Chem.,  27,  517  (1944). 

(2)  Comar,  C.  L.,  dissertation,  Purdue  University,  1942. 

(3)  Comar,  C.  L.,  Ind.  Eng,  Chem.,  Anal.  Ed.,  14,  877  (1942). 

(4)  Comar,  C.  L.,  Benne,  E.  J„  and  Buteyn,  E.  R.,  Ibid.,  15,  524 

(1943). 

(5)  Comar,  C.  L.,  and  Zscheile,  F.  P.,  Plant  Physiol.,  17,  198  (1942) 

(6)  Hogness,  T.  R„  Zscheile,  F.  P„  Jr.,  and  Sidwell,  A.  E  Jr  J 

Phys.  Chem.,  41,  379  (1937). 

(7)  Mellon,  M.  G.,  Ind.  Eng.  Chem.,  Anal.  Ed.,  17,  81  (1945). 

(8)  Mellon,  M.  G.,  Proc.  Am.  Soc.  Testing  Materials,  44,  733  (1944). 

(9)  Miller,  E.  S.,  “Quantitative  Biological  Spectroscopy”,  Minne¬ 

apolis,  Burgess  Printing  Co.,  1939. 

(10)  Moore,  L.  A.,  Ind.  Eng.  Chem.,  Anal.  Ed.,  12,  726  (1940). 

(11)  Smith,  J.  H.  C.,  J.  Am.  Chem.  Soc.,  58,  247  (1936). 

(12)  Vandenbelt,  J.  M.,  Forsyth,  J.,  and  Garrett,  A.,  Ind.  Eng. 

Chem.,  Anal.  Ed.,  17,  235  (1945). 

(13)  Zscheile,  F.  P.,  and  Comar,  C.  L.,  Botan.  Gaz.,  102,  463  (1941). 

(14)  Zscheile,  F.  P.,  Comar,  C.  L.,  and  Mackinney,  G.,  Plant  Phys- 

iol.,  17,  666  (1942). 

(15)  Zscheile,  F.  P.,  White,  J.  W„  Jr.,  Beadle,  B.  W.,  and  Roach, 

J.  R., Ibid.,  17,  331  (1942). 

Presented  before  the  Florida  Section  of  the  American  Chemical  Society, 
Tampa,  Fla.,  May  12,  1945.  Published  with  the  permission  of  the  director 
of  the  Florida  Experiment  Station. 


Determination  of  Conjugated  Diolefins  with  Chloromaleic 

Anhydride 

S.  T.  PUTNAM,  M.  L.  MOSS,  AND  R.  T.  HALL,  Hercules  Experiment  Station,  Hercules  Powder  Company,  Wilmington,  Del, 


A  new  method  of  determining  conjugated  diolefins  in  hydro¬ 
carbon  mixtures  utilizes  chloromaleic  anhydride  as  the  dienophilic 
reagent.  This  method  is  based  on  the  quantitative  addition  of 
chloromaleic  anhydride  to  conjugated  dienes  to  form  an  adduct 
containing  a  highly  reactive  tertiary  chlorine  atom  which  can  be  de¬ 
termined  by  the  Volhard  method  after  refluxing  with  aqueous  silver 
nitrate,-  the  vinyl  chlorine  of  the  reagent  is  completely  unreactive 
under  the  same  conditions. 

DURING  the  early  phases  of  the  synthetic  rubber  program, 
an  investigation  of  the  preparation  of  conjugated  dienoid 
monomers  by  the  cracking  of  terpenes  was  undertaken  in  this 
laboratory.  It  soon  developed  that  the  determination  of  con¬ 
jugated  dienes  in  the  pyrolysis  products  was  one  of  the  more  im¬ 
portant  phases  of  the  problem.  Since  no  satisfactory  procedure 
was  available  for  the  analysis  of  such  mixtures,  a  number  of 
physical  and  chemical  methods  were  considered. 

It  was  recognized  that  several  physical  methods  including  ultra¬ 
violet  absorption,  infrared  absorption,  and  mass  spectrometry 
give  excellent  results  on  mixtures  of  known  constituents.  How¬ 
ever,  to  obtain  reliable  results  by  the  absorption  methods  it  is 
generally  necessary  to  know  not  only  the  functional  groups  but 
also  the  molecular  species  present.  Moreover,  a  simple  chemical 
method  requiring  no  special  equipment  appeared  desirable  for  the 
routine  determination  of  conjugated  dienes  in  the  crude  products 
from  cracking  experiments.  Consequently,  a  number  of  re¬ 
agents  were  considered  which  included  bromine  (4,  7),  sulfur 
dioxide  (10,  12),  aromatic  diazonium  coumpounds  (11),  cuprous 
chloride  (9),  maleic  anhydride  (3,  12),  and  chloromaleic  anhy¬ 
dride.  All  these  reagents  except  the  last  two  either  proved  non¬ 
specific  for  conjugated  dienes  or  did  not  react  quantitatively. 

The  first  procedure  developed  involved  fractionation  of  the 
samples  and  determination  of  the  conjugated  diene  content  of 


the  cuts  by  a  refined  gas  volumetric  procedure  utilizing  maleic 
anhydride  as  the  diene  absorbent.  However,  the  need  for  a  more 
rapid  procedure — particularly  one  that  would  not  involve  pre¬ 
liminary  fractionation  of  the  sample — resulted  in  the  develop¬ 
ment  of  a  second  method  using  the  same  reagent.  In  this  proce¬ 
dure  the  conjugated  diene  content  was  obtained  by  reacting  the 
sample  with  a  known  excess  of  maleic  anhydride  and  determining 
the  unreacted  reagent  polarographically.  Both  procedures  were 
time-consuming  and  provided  only  an  indirect  determination  of 
the  conjugated  dienes 

The  belief  that  chloromaleic  anhydride  would  also  react 
quantitatively  with  conjugated  dienes  and,  in  addition,  would 
provide  a  direct  and  more  rapid  determination  led  to  the  de¬ 
velopment  of  the  present  method. 


Figure  1.  Sample  Bulb,  Pressure  Bottle,  and 
Bottle  Cap 
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Table  I.  Determination  of  Chlorine  in  Isoprene-Chloromaleic 
Anhydride  Adduct3 


Conditions  of 
Pretreatment 


Chlorine  in  Adduct 


Temp., 

Time, 

Theoretical, 

Found, 

Compounds  Added 

0  c. 

hours 

% 

% 

None 

17.68 

17.7 

None 

17.6 

None 

17.6 

Chloromaleic  anhydride,  1  gram 

55 

2 

17.9 

Chloromaleic  anhydride,  1  gram 

50-55 

2.5 

17.8 

Mixed  Amylenes,  0.2  ml. 

50-55 

2.5 

17.7 

Chloromaleic  anhydride,  1  gram 

100 

2 

17.7 

100 

2 

17.7 

Inhibitor  solution,  2  drops 

75-80 

1 

17.8 

75-80 

1 

17.8 

a  Sample  weights  varied  from  0.2  to  0.5  gram. 


DEVELOPMENT  OF  CHLOROMALEIC  ANHYDRIDE  METHOD 

Chloromaleic  anhydride  reacts  with  conjugated  diolefins  in  the 
same  manner  as  maleic  anhydride  to  form  a  Diels-Alder  adduct. 
Thus,  isoprene  (I)  reacts  with  chloromaleic  anhydride  (II)  to  give 
'-chloro-4-methyl-4-cyclohexene-l,2-dicarboxylic  anhydride  (III) 
ind  2-chloro-4-methyl-4-cyclohexene-l,2-dicarboxylic  anhy- 
Iride  (IV). 


0 
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CH2 

4 

i 

/\ 

:h3  ch2 
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-c 
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Cl 
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II 


The  difference  in  reactivity  between  the  highly  active  tertiary 
hlorine  of  the  adduct  and  the  unreactive  vinyl  chlorine  of  the 
eagent  permits  a  quantitative  determination  of  the  adduct  in  the 
>resence  of  excess  reagent.  Refluxing  with  aqueous  silver  nitrate 
emoves  the  chlorine  completely  from  the  adduct,  leaving  the 
hlorine  of  the  chloromaleic  anhydride  untouched. 

It  is  believed  that  the  utilization  of  .the  high  reactivity  of  ter- 
iary  halogens  as  a  basis  of  organic  analysis  is  a  principle  that  has 
onsiderable  possibilities  and  has  been  exploited  to  only  a  limited 
xtent.  This  same  principle  has  been  applied  recently  in  the 
.uthors’  laboratories  to  the  determination  of  a,p-dimethyl- 
tyrene  in  styrene  mixtures  (5). 

The  practicality  of  the  new  method  was  demonstrated  by 
ubstituting  chloromaleic  anhydride  for  maleic  anhydride  in  the 
;asometric  absorption  procedure,  and  also  by  synthesizing  pure 
soprene-chloromaleic  anhydride  adduct  (melting  point  35-36°C.) 
nd  showing  that  the  chlorine  of  the  adduct  could  be  determined 
>y  the  Volhard  method  after  refluxing  with  aqueous  silver  nitrate. 
V.s  the  results  in  Table  I  show,  the  agreement  with  theoretical  is 
qually  good  when  the  determination  is  made  in  the  presence  of 
ompounds  added  to  simulate  conditions  of  an  actual  analysis. 

Samples  containing  conjugated  dienes  were  then  heated  with 
xcess  chloromaleic  anhydride  in  specially  designed  pressure 
>ottles  ( 6 )  (Figure  1),  and  the  amount  of  adduct  formed  was  de- 
ermined  as  outlined  above.  It  was  soon  apparent,  as  is  shown 
>y  the  data  in  Table  II,  that  it  was  necessary  to  purify  the  com- 
aercial-grade  chloromaleic  anhydride  to  obtain  quantitative 
dduct  formation.  Chloromaleic  acid  proved  to  be  one  of  the 
nost  troublesome  impurities,  as  it  is  readily  formed  by  hydrolysis 
f  the  anhydride.  The  low  and  erratic  results  obtained  in  the 
>resence  of  appreciable  amounts  of  this  acid,  shown  in  Table  III, 
nay  be  due  to  the  acid  catalyzing  the  dimerization  and  poly- 
nerization  of  conjugated  dienes,  thus  rendering  them  unavail¬ 


able  for  adduct  formation.  The  formation  of  chloromaleic  acid 
can,  however,  be  prevented  by  proper  care  in  handling  the  an¬ 
hydride. 

Even  with  extensive  purification  it  was  difficult  to  obtain 
chloromaleic  anhydride  that  gave  theoretical  adduct  formation. 
Consequently,  it  was  found  desirable  to  use  chloromaleic  anhy¬ 
dride  that  gave  results  between  95  and  100%  of  theory  and  apply 
an  empirical  correction  factor  determined  by  analyzing  a  sample 
of  known  conjugated  diene  content.  However,  it  is  believed  that 
if  absolutely  pure  chloromaleic  anhydride  were  available,  it 
would  be  possible  to  eliminate  the  correction  factor,  since  in  one 
instance  it  has  been  reduced  to  1.005. 

Low  and  variable  results  were  also  obtained  in  the  presence  of 
peroxides  which  catalyze  the  copolymerization  of  conjugated 
dienes  with  chloromaleic  anhydride.  Apparently  the  copolymer 
contains  more  than  a  1  to  1  ratio  of  conjugated  diene  to  chloro¬ 
maleic  anhydride,  and  furthermore,  it  is  so  insoluble  in  aqueous 
silver  nitrate  that  the  analysis  is  unsatisfactory.  In  view  of  this 
adverse  effect  of  natural  peroxides,  a  small  amount  of  inhibitor, 
such  as  p-feri-butylcatechol,  was  added  as  a  precaution  in  all  sub¬ 
sequent  analyses. 

A  study  of  the  optimum  time  and  temperature  for  adduct 

formation  showed  that  heating  at 
55  °  C.  for  2  hours  was  sufficient  for 
samples  containing  over  25%  iso¬ 
prene  or  for  cyclopentadiene.  Sam¬ 
ples  containing  smaller  amounts  of 
isoprene  should  be  heated  at  higher 
temperatures  and/or  for  longer 
periods  of  time — for  example,  sam¬ 
ples  containing  5  to  10%  should  be 
heated  for  4  hours  at  75 0  C.  Buta¬ 
diene  reacts  more  slowly  than  iso¬ 
prene  and  it  is  necessary  to  heat  the 
samples  at  55°  C.  for  12  hours  to  ob¬ 
tain  satisfactory  results.  Isoprene- 
butadiene  mixtures  containing  5  to  10%  butadiene  require  6  to  8 
hours  at  55°  C.  and  mixtures  containing  20  to  25%  butadiene  re¬ 
quire  8  to  12  hours  at  55°  C.  The  method  should  be  applicable 
to  samples  containing  less  than  5%  diene,  but  the  optimum  re¬ 
action  conditions  have  not  been  established  experimentally.  The 
accuracy  in  this  range  might  be  improved  by  increasing  the 
sample  weight. 

CHLOROMALEIC  ANHYDRIDE  REAGENT 

Commercial  chloromaleic  anhydride  is  purified  by  filtering  the 
crystals  from  the  oily  mother  liquor  and  washing  them  with  dry 
hexane.  (Commercial  chloromaleic  anhydride  may  be  pur- 


Table  II.  Effect  of  Purity  of  Chloromaleic  Anhydride  on 
Determination  of  Conjugated  Dienes 

Chloromaleic  Anhydride 


Sample  purification 

Commercial 

One  recrystallization 

Two  recrystallizations 
Three  recrystallizations 
Two  recrystallizations, 
one  distillation 
Theoretical 


Melting 
point,  0  C. 

Conjugated  Diene, 
Analysis  Results, 

%  of  Theory 

27  (ca.) 

62.2  ±  5 

31.5- 

91.6  ±  2 

32.5 

32-34 

93. 1  ±  1 

32.5-34 

95.4  ±1 

99.0  ±  1 

33  (I) 

100.0 

34.5  ( 8 ) 

Table  III.  Effect  of  Chloromaleic  Acid  on  Determination  of 
Conjugated  Dienes  with  Chloromaleic  Anhydride 


Chloromaleic  Acid  Added, 
Weight  %  of  Total  Reagents 

0 

1 

2 

3 

10 

50 


Weight  %  of  Isoprene 
Found  (Av.) 

93.9 

90.6 

92.0 

91.5 

85.3 

82.2 
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Table  IV.  Analysis  of  Standard  Conjugated  Diene  Samples  with 
Chloromaleic  Anhydride 


Conjugated 
Dienes,  Weight  % 


Composition  of  Sample 

Present 

Found0 

Deviation 

isoprene 

100.0 

99.7 

-0.3 

100.0 

99.7 

-0.3 

100.0 

99.7 

-0.3 

100.0 

100.0 

±0.0 

100.0 

100. 1 

±0.1 

laoprene-amylene  mixture 

75.5 

75.2 

-0.3 

75.5 

75. 1 

-0.4 

60.8 

60.6 

-0.2 

60.8 

61.2 

+  0.4 

60.8 

59.6 

-  1.2 

60.8 

61.8 

+  1.0 

60.8 

59.7 

-1.  1 

25.7 

25.2 

—  0.5 

25.7 

26.2 

+0.5 

25.7 

25.4 

-0.3 

faoprene-pentane  mixture 

9.9 

9.5 

-0.4 

9.9 

9.9 

±0.0 

9.9 

10.2 

+0.3 

9.9 

9.7 

-0.2 

5.0 

4.6 

-0.4 

5.0 

4.8 

-0.2 

Cyclopentadiene 

98.9 

97.5 

-1.4 

98.9 

98.5 

-0.4 

Butadiene6 

98.4 

97.8 

-0.6 

98.4 

97.9 

—  0.5 

°  Results  corrected  by  a  factor  of  1.03, 

b  Butadiene  samples  heated  for  12  hours  at  55°  C.  instead  of  2  hours. 


Table  V.  Precision  of  Typical  Determinations  on  Wide  Boiling 
Range  Isoprene  Samples  by  Chloromaleic  Anhydride  Method 


Sample  Designation 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 


Weight  %  of  Conjugated  Dienes 
Found,  Calculated  as  CsHi 

89.6,  89.7 

74.4,  75.0 

77.7,  77.5 
85.3,86.0 

92.5,  92.8 
95.4,  95.3 
95.9,  96.0 

91.6,  91.0 
28.2,  27.3 

93.8,  94.0 


chased  from  the  National  Aniline  Division,  Allied  Chemical  and 
Dye  Corporation,  40  Rector  St.,  New  York,  N,  Y.  By  special 
request  one  sample  of  chloromaleic  anhydride  was  obtained 
which  was  of  satisfactory  analytical  grade  as  received.  Should 
such  a  reagent  become  generally  available,  the  purification  pro¬ 
cedure  would  be  unnecessary.)  The  crystalline  chloromaleic 
anhydride  is  dissolved  in  the  minimum  amount  of  dry  benzene 
and  then  hexane  is  added  to  incipient  turbidity  at  room  tem¬ 
perature.  The  mixture  is  seeded  and  cooled  in  an  ice  bath  or  a 
refrigerated  room  (+3°C.).  The  recrystallized  product  is 
filtered  as  before  and  then  distilled  in  vacuo  (water  pump  with 
drying  tube  in  the  line)  under  dry  carbon  dioxide  or  nitrogen.  The 
fraction  boiling  at  110°  C.  at  44  mm.  of  mercury  is  collected  and 
sealed  in  small  glass  ampoules  under  nitrogen  or  carbon  dioxide 
until  ready  for  use.  The  purified  product  melts  at  32  0  to  34°  C.  and 
is  completely  soluble  in  dry  benzene  (insoluble  material  is  usually 
chloromaleic  acid).  The  correction  factor  for  the  reagent  is  de¬ 
termined  by  analyzing  a  sample  of  isoprene  of  known  purity.  If 
it  is  greater  than  1.05,  further  purification  is  recommended. 


ANALYTICAL  PROCEDURE 

For  the  analysis  of  volatile  samples  weigh  a  small  glass  bulb 
(Figure  1)  similar  to  those  used  in  acid  analysis  to  the  nearest  0.1 
mg.  Warm  the  weighed  bulb  slightly  with  a  small  flame  and  in¬ 
vert  the  stem  into  the  sample,  using  a  lead  washer  for  support. 
Cool  the  bulb  with  a  snugly  fitting  piece  of  dry  ice  until  the  de¬ 
sired  amount  of  sample  (0.1  to  0.2  gram)  is  drawn  into  it  and  then 
quickly  seal  the  stem  in  a  hot  flame.  To  prevent  carbonization 
and  fractionation  during  sealing,  keep  the  bulb  well  cooled  by 
holding  a  small  piece  of  dry  ice  just  below  the  tip  of  the  stem. 
Reweigh  the  bulb  after  it  reaches  room  temperature  and  place  it 
in  a  pressure  bottle  (Figure  1)  with  1.0  ±  0.1  gram  of  chloro¬ 
maleic  anhydride.  [These  small  pressure  bottles,  for  use  with 
commercial  bottle  caps,  are  available  from  the  Ace  Glass  Co 
Vineland,  New  Jersey.  Bottle  caps  with  cellophane  liners 
(“spots”)  are  recommended.]  Add  one  drop  (approximately 
0.02  ml.)  of  a  10%  solution  of  p-tert-butylcatechol  in  nitrobenzene, 
cap  the  pressure  bottle  using  a  household  bottle  capper,  and  break 
the  sample  bulb  by  striking  the  bottle  sharply  against  a  moder¬ 
ately  hard  object  like  the  heel  of  one’s  shoe. 


Heat  for  2  hours  at  55°  C.,  cool,  open  the  bottle,  and  transfer 
the  reaction  products  to  a  250-ml.  Erlenmeyer  flask  through  a 
funnel  with  10  ml.  of  acetone  and  distilled  water  (50  to  75  ml.). 
(These  conditions  are  for  samples  containing  over  25%  isoprene. 
See  the  preceding  discussion  regarding  the  conditions  to  use  for 
other  samples.)  Use  2  ml.  of  the  acetone  to  rinse  the  bottle  cap. 
Add  20  ml.  of  0.2  N  aqueous  silver  nitrate  solution  and  reflux 
the  mixture  for  1  hour.  After  cooling,  filter,  wash  the  precipitate 
thoroughly  with  distilled  water,  add  5  ml.  of  1  to  1  nitric  acid  and 
1  ml.  of  ferric  alum  indicator  to  the  filtrate,  and  titrate  the  excess 
silver  nitrate  with  0.1  iV  potassium  thiocyanate  solution. 

Nonvolatile  samples  may  be  w'eighed  directly  into  the  pressure 
bottle  from  a  small  weight  buret.  From  this  point  the  procedure 
is  the  same. 

Calculate  the  results  as  follows  (for  unknown  sarhples  an 
approximate  molecular  weight  may  be  assumed  or  the  results  may 
be  expressed  as  diene  numbers) : 

%  conjugated  diene  =  [(ml.  of  AgN03  X  N  AgNOj)  -  (ml.  of 

KSCN  X  N  KSCN)  ]  X  T mo^  diene  X  correction  factor! 

L  wt.  of  sample  X  10  J 

DISCUSSION  OF  RESULTS 

The  conjugated  diene  content  of  a  number  of  standard  samples 
of  isoprene,  isoprene-amylene  mixtures,  isoprene-pentane  mix¬ 
tures,  cyclopentadiene,  and  butadiene  was  determined  by  the 
chloromaleic  anhydride  method.  The  results  given  in  Table  IV 
indicate  that  the  average  error  of  the  determination  expressed  as 
per  cent  conjugated  diene  is  about  0.5  unit.  Duplicate  de¬ 
terminations  on  a  number  of  crude  isoprene  samples  are  given  in 
Table  V  and  show  the  precision  of  the  method  to  be  of  the  same 
order  of  magnitude  as  the  accuracy. 

Styrene  interferes  in  the  determination  because  of  the  forma¬ 
tion  of  a  copolymer  with  chloromaleic  anhydride,  even  in  the 
absence  of  peroxide  catalysts.  The  copolymer  naturally  con¬ 
tains  tertiary  chlorine  which  is  determined  along  with  the  chlorine 
of  the  conjugated  diene-chloromaleic  adduct. 

Although  the  method  has  been  used  most  extensively  for  the 
determination  of  isoprene,  it  has  been  applied  successfully  to  the 
determination  of  butadiene,  cyclopentadiene,  and  other  con¬ 
jugated  dienes.  Preliminary  experiments  indicate  that  trans- 
piperylene  and  2-methyl-l,3-pentadiene  can  be  determined  with 
chloromaleic  anhydride,  although  4-methyl-l,3-pentadiene  can¬ 
not.  The  behavior  of  the  latter  compound  is  not  surprising, 
since  it  has  been  found  (2)  that  it  will  not  form  a  Diels-Alder 
adduct  with  maleic  anhydride.  It  is  probable  that  the  method 
could  be  applied  to  other  conjugated  dienes  by  varying  the  condi¬ 
tions  of  adduct  formation  to  obtain  a  quantitative  reaction. 
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Indicator  Properties  of  Derivatives  of 
4  -Nitrophenylazo-1-naphthol 

K.  H.  FERBER 

National  Aniline  Division,  Allied  Chemical  &  Dye  Corporation,  Buffalo,  N.  Y. 


CONGO  red  indicator  test  paper,  in  common 
use  in  the  dyestuff  industry,  possesses  the 
practical  advantage  of  changing  from  the 
normally  red  neutral  form  through  a  series  of 
grays  and  blue-blacks  to  the  blue  acid  form. 

With  experience,  changes  in  pH  of  0.2  may  be 
detected.  During  some  experiments  on  the 
properties  of  1-naphthol  derivatives,  the  author 
observed  that  the  monoazo  dye,  resulting  from 
coupling  p-nitrophenyl  diazonium  chloride  to 
l-naphthol-4,8-disulfonic  acid,  had  indicator  properties  similar 
to  Congo  red  but  was  acid-  instead  of  alkali-sensitive.  Analogous 
compounds  prepared  from  derivatives  of  1-naphthol  and  p- 
nitroaniline  had  similar  properties,  changing  from  the  normal 
red  neutral  form  to  the  blue  alkaline  form  over  various  pH  ranges 
and  hence  were  useful  in  testing  common  alkaline  mixtures — 
e.g.,  sodium  bicarbonate  and  carbonate. 

Hewitt  (S)  has  described  the  indicator  4-(4'-nitro-3'-sulfo- 
phenylazo)-l-naphthol  which  changes  from  yellow  (acid)  to 
purple  (alkali).  Wenker  (6)  examined  various  2,4-dinitrophenyl- 
azo-l-naphthol  sulfonic  acids  but  concluded  that  the  dyes  re¬ 
sulting  from  ortho  coupling  were  lacking  in  sensitivity  to  pH 
changes.  This  paper  describes  the  indicator  properties  of  three 
typical  dyes  made  by  coupling  4-nitrophenyl  diazonium  chloride 
(or  the  2-methoxy  derivative)  to  l-naphthol-3,8-  or  4,8-disulfonic 
acids  which  permit  of  only  ortho  coupling. 

EXPERIMENTAL 

I.  Disodium  Salt  of  2-(4'-Nitrophenylazo)-1-naphthol- 
4,8-pisulfonic  Acid.  Alpha  blue.  A  mixture  of  138  grams  (1 
mole)  of  p-nitraniline  and  72  grams  of  technical  (95%)  sodium 
nitrite  in  1  liter  of  water  was  slowly  added  to  an  agitated  mixture 


of  1000  grams  of  ice,  250  ml.  of  commercial 
20°  Be.  hydrochloric  acid,  and  2  grams  of 
sodium  nitrite.  After  2  hours  the  resultant 
diazonium  chloride  solution  was  filtered  to 
remove  sludge  and  slowly  added  to  a  solu¬ 
tion  of  1  mole  of  l-naphthol-4,8-disulfonic 
acid  (4),  370  grams  of  sodium  carbonate,  and 
1000  grams  of  ice  in  1.5  liters  of  water.  The 
combination  was  allowed  to  agitate  overnight 
and  was  then  filtered,  reslurried  in  3  liters 
of  10%  sodium  chloride  solution,  filtered, 
and  dried  at  60°  C.  in  an  atmospheric 
oven. 

Pure  coal-tar  dye  (as  disodium  salt)  by  titration  with  titanous 
chloride,  67.1%. 

II.  Disodium  Salt  of  2-(4'-Nitrophenylazo)-1-naphthol- 
3,8-disulfonic  Acid.  Epsilon  blue.  One  mole  of  p-nitrani- 
line  was  diazotized  as  above  and  then  slowly  added  to  a 
solution  of  1  mole  of  l-naphthol-3,8-disulfonie  acid  (#),  336 
grams  of  sodium  carbonate,  and  1000  grams  of  ice  in  2  liters  of 
water.  The  resultant  dye  was  isolated  and  dried  as  above. 

Pure  coal-tar  dye  (as  disodium  salt)  by  titration  with  titanous 
chloride,  93.7%. 

III.  Disodium  Salt  of  2-(2'-Methoxy-4'-nitrophenylazo)- 
1-naphthol-4,8-disulfonic  Acid.  Nitroanisole  blue.  A  solu¬ 
tion  of  74  grams  of  95%  sodium  nitrite  in  150  ml.  of  water  was 
added  slowly  to  a  mixture  of  168  grams  (1  mole)  of  5-nitro-2- 
aminoanisole  (E.  I.  du  Pont  de  Nemours  &  Co.),  250  ml.  of  20° 
Be.  hydrochloric  acid,  and  1000  grams  of  ice.  After  2  hours’ 
agitation,  the  diazonium  chloride  solution  was  filtered  and 


Table  I.  Wave  Lengths  and  Indicator  Exponents 

I  II  III 

Wave  length  =  max.^,  m/j  610  640  630 

pK  9.6  12.0  10.0 


Three  new  indicators  of 
the  2-(4'-nitrophenyl- 
azo)-1 -naphthol  class 
are  described  and  indi¬ 
cator  properties  given. 


Figure  1  Figure  2 
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Reagent 

Distilled  water 
Alcohol 
1  N  HC1 
0.1  N  HC1 
5%  acetic  acid 
5%  sodium  bicarbonate 
5%  Na2HP04.12H20 
5%  sodium  carbonate 

5%  NajPOi.^HjO 

0.1  N  NaOH 

Buffer,  pH 
8 
9 

10 

11 

12 

13 


Table  II.  Properties  of  Solutions  and  Test  Papers 

Color  of  Solutions 


I 

Pink 

Pink 

Pink 

Pink 

Pink 

Pink 

Pink 

Light 

purple 

Light 

purple 

Light 

purple 

Pink 

Purplish 

pink 

Light 

purple 

Light 

purple 

Light 

purple 

Light 

purple 


II 

III 

I 

II 

III 

Pink 

Pink 

Pink 

Pink 

Pink 

Pink 

Pink 

Purplish  pink 

Pink 

Pink 

Pink 

Pink 

Pink 

Pink 

Pink 

Light  purple 

5R  6/10 

5R  6/10 

5R  6/10 

SR  6/10 

5R  6/10 

5R  6/10 
10RP  4/10 
10PB  3/8 

SR  5/12 

SR  5/12 

SR  5/12 

SR  5/12' 

SR  5/12 

5R  5/12 

SR  5/12 
10R  4/8 

5R  5/12 

SR  5/12 

SR  5/12 

5R  5/12 

5R  5/12' 
10RP  5/10 
SR  5/12 
10PB  3/8 

Pale  bluish 

Light  purple 

10PB  3/10 

oR  3/4 

10PB  3/10 

Pale  bluish 
purple 

Light  purple 

10PB  3/8 

10PB  3/8 

10PB  3/8 

Pink 

Pink 

Pink 

Pink 

5R  6/10 
2.5RP  3/4 

SR  5/12 

5R  5/12 

SR  5/12 
10RP  4/10 

Pink 

Purplish  pink 

5P  3/4 

5R  5/12 

2.5RP  4/6 

Pink 

Light  purple 

10PB  3/8 

5R  5/12 

10PB  3/8 

Purplish  pink 

Light  purple 

10PB  3/8 

10R  4/8 

10PB  3/8 

Light  purple 

Light  purple 

10PB  4/10 

10PB  3/8 

10PB  4/8 

coupled  to  l-naphthol-4, 8-d i- 
sulfonic  acid  in  the  same  man¬ 
ner  as  for  I. 

Pure  coal-tar  dye  (as  di¬ 
sodium  salt)  by  titration  with 
titanous  chloride,  74.1%. 

INDICATOR  PROPERTIES 

Light  Absorption.  Spectral 
transmission  curves  (Figures  1, 

2,  and  3)  of  buffer  solutions 
containing  10  p.p.m.  of  dry 
dye  were  obtained  by  means  of 
the  General  Electric  recording 
spectrophotometer,  using  a 
path  length  of  50  mm.,  band 
width  of  10  mp,  temperature 
of  30°  C.,  and  distilled  water 
as  reference  solvent.  Buffer 
solutions  for  pH  from  1  to  8 
were  essentially  as  described 
by  Clark  and  Lubs  (7);  for 
pH  9,  10,  11,  and  12,  mix¬ 
tures  of  sodium  carbonate  and 
bicarbonate  were  prepared; 
and  for  pH  13  and '  14  solu¬ 
tions  of  sodium  and  potassium 
hydroxides  were  employed.  All  buffer  solutions  were  checked 
by  a  Beckman  pH  meter  just  prior  to  determining  the  trans¬ 
mission  curves.  The  presence  of  boric  acid  in  Clark  and 
Lubs  buffers  pH  9  and  10  was  found  to  interfere  with  the  dis¬ 
solved  dye. 

Isosbestic  points  ( 5 )  in  the  visible  region  were  at  531  mu  for 
I,  532  nm  for  II,  and  551  mp  for  III. 


INDICATOR  EXPONENTS 

Indicator  exponents  (pK)  were  determined  graphically  by 
observing  the  inflection  points  of  the  curves  obtained  by  plotting 
optical  density  vs.  pH.  The  density,  D,  was  determined  from 
the  spectral  transmission  curves  (Figures  1,  2,  and  3)  at  the  wave 
lengths  of  maximum  difference  of  log  density  per  unit  change  in 

tt  •  ,  A  log  D 

pH— i.e.,  wdien  — --  T.  =  max. 

A  pH 

Selected  wave  lengths  and  resultant  indicator  exponents  are 
given  in  Table  I. 

PROPERTIES  OF  SOLUTIONS 

Dilute  aqueous  solutions  (10  p.p.m.)  showed  only  small . 
changes  in  transmittance  after  storage  for  one  month  in  clear 
glass  bottles  exposed  to  artificial  and  diffused  daylight  but  pro¬ 
tected  from  direct  sunlight. 

Eeutral  aqueous  solutions  containing  0.10  gram  of  dry  dye  per 
100  ml.  wrere  tested  by  adding  3  drops  of  indicator  solution  to 
100  ml.  of  the  reagents  described  in  Table  II  and  noting  the 
resulting  color. 

PROPERTIES  OF  TEST  PAPERS 

Strips  of  Whatman  No.  1  filter  paper  were  immersed  in  a  solu¬ 
te11  of  4.0  grams  of  dry  dye  in  1  liter  of  distilled  water  and 
allowed  to  drain  and  dry.  These  indicator  papers  were  then 
tested  by  spotting  with  the  various  reagents  with  results  as 
shown  in  Table  II.  The  closest  matching  chip  from  the  abridged 
M unsell  Book  of  Color  (Munsell  Color  Co.,  Inc.,  Baltimore  Md  ) 
is  given  as  the  color. 

DISCUSSION 


Epsilon  blue  (II)  is  noteworthy  for  its  unusually  high  pK 
value,  which  recommends  it  for  use  in  controlling  alkalinity  of 
di-  and  trisodium  phosphate  mixtures. 

The  solution  colors  described  in  Table  II  were  made  purposely 
weak  in  order  to  observe  color  changes  under  somewhat  limiting 
conditions.  Stronger  solutions  (0.2  to  0.3  gram  per  100  ml.) 
are  preferred  in  practice. 
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Although  all  three  indicators  contain  considerable  amounts  of 
inorganic  salts  and  hence  should  be  further  purified  for  use  in 
unbuffered  media,  the  sharpness  of  the  isosbestic  points  indicates 
that  the  organic  purities  are  adequate  for  most  purposes. 

Alpha  blue  (I)  appears  to  be  particularly  useful  for  distinguish¬ 
ing  between  bicarbonate  and  carbonate  alkalinity,  especially 
when  used  in  the  form  of  test  paper. 
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Theory  and  Operation  of  a  Cartesian  Diver  Type  of 

Manostat 

ROGER  GILMONT,  Polytechnic  Institute  of  Brooklyn,  Brooklyn,  N.  V. 


THE  idea  of  using  a  float,  consisting  of  an  inverted  tube  with 
entrapped  air,  for  vastly  increasing  the  sensitivity  of  pressure 
measurements  dates  as  far  back  as  1704,  when  Caswell  published 
:he  details  of  a  baroscope  embodying  this  principle  (1),  which  is 
generally  known  today  as  the  Cartesian  diver.  More  recently, 
;he  idea  was  modified  to  yield  the  low-pressure  Dubrovin  gage 
[2),  the  theory  of  which  is  described  in  a  recent  paper  (3).  An 
idaptation  of  the  Cartesian  diver  to  control  the  pressure  in  a 
dosed  system  has  been  available  for  purchase  for  the  past  few 
years  from  the  Emil  Greiner  Co.,  New  York,  N.  Y.,  where  the 
nanostat  was  developed.  This  device  has  proved  useful  in  ade¬ 
quately  maintaining  constant  pressures  in  vapor-liquid  equilib- 
-ium  measurements  and  vacuum  distillations  ranging  from  a  mod¬ 
erate  vacuum  of  a  few  millimeters  of  mercury  to  atmospheric 
pressure. 

OPERATION 

Mercury  is  introduced  into  the  container  of  Figure  1  until  the 
iisk  of  the  float  just  makes  contact  with  the  orifice, -when  the 
pressure  is  equalized  inside  and  outside  the  float.  The  device  is 
connected  to  the  vacuum  pump,  and  to  the  system  by  way  of  a 
large  reservoir  and  a  suitable  manometer.  •  With  the  stopcock 
open,  the  pressure  in  the  system  is  reduced  by  way  of  a  by-pass  be¬ 
tween  the  pump  and  system  until  the  desired  value  as  read  on 
the  manometer  is  reached,  then  both  the  stopcock  and  by-pass 
are  closed;  the  device  will  automatically  maintain  the  desired 


|  To  Vacuum 


-A3  -  Area  of  Float 


Ag  -  Afea  Between  Float 
amd  /nmer  Tube 


pressure  within  limits  determined  by  the  dimensions  of  the  con¬ 
stituent  parts  of  the  device.  If  the  system  is  vacuum-tight,  the 
pressure  will  maintain  itself;  however,  a  slight  leak,  which  may 
be  introduced  intentionally,  will  cause  the  pressure  to  rise  slightly. 
This  will  produce  a  displacement  of  the  mercury  level  downward 
outside  the  float  and  a  corresponding  displacement  upward  inside 
the  float;  the  buoyant  force  on  the  float  is  consequently  dimin¬ 
ished  and  when  the  reduction  in  buoyancy  becomes  sufficient  to 
overcome  the  suction  force  at  the  orifice  due  to  the  pressure  dif¬ 
ferential,  the  disk  will  break  away  from  the  orifice  and  permit  the 
pump  to  evacuate  sufficient  gas  from  the  system  to  restore  the  orig¬ 
inal  pressure.  W  hen  the  original  pressure  is  restored,  the  disk 
will  return  to  its  former  position  and  seal  off  the  orifice.  The 
cycle  is  repeated  indefinitely,  if  the  size  of  the  leak  in  the  system 
does  not  exceed  the  capacity  of  gas  flow  that  is  possible  through 
the  orifice,  and  the  pump  is  of  sufficient  rating  to  carry  the  load. 

THEORY 

In  designing  a  Cartesian  diver  manostat,  it  is  desirable  to  know 
the  relationship  between  its  sensitivity  and  physical  dimensions, 
so  that  the  particular  requirements  for  its  use  may  be  met.  Such 
a  relationship  is  readily  derived  using  the  symbols  of  Figure  1 . 

By  means  of  the  stopcock,  S,  and  the  by-pass,  the  system  is 
brought  to  the  desirable  pressure,  Po,  as  described  above.  The 
initial  pressure  inside  the  float,  p„,  will  be  equal  to  that  initially  in 
the  system,  Po,  and  the  level  of  mercury  inside  and  outside  the 
float  will  be  the  same — -i.e.,  hi  and  h2  are  initially  0.  As  the  pres¬ 
sure  increases  in  the  system,  owing  to  slight  leaks,  the  liquid  level 
is  depressed  outside  the  float  and  is  correspondingly  elevated  in¬ 
side  the  float,  so  that  the  buoyant  force  on  the  float  is  decreased. 
Wrhen  the  pressure  in  the  system  reaches  a  sufficiently  high  value, 
P,  so  that  the  buoyant  force  is  diminished  enough  to  counteract 
the  force  at  the  opening,  a,  due  to  the  pressure  differential,  the 
float  breaks  away  from  the  opening  and  the  vacuum  can  restore 
the  initial  pressure.  As  soon  as  the  initial  pressure,  Po,  is  re¬ 
stored,  the  float  cuts  off  the  vacuum  and  the  cycle  is  repeated  in¬ 
definitely.  The  maximum  variation  in  pressure,  P  —  P0,  is  a 
reciprocal  measure  of  the  sensitivity  of  the  instrument  and  can 
be  expressed  quantitatively  by  setting  up  the  following  equa¬ 
tions: 

Pressure  Equalities.  P  =  p  +  hi  +  h2  and  P0  =  po  (pres¬ 
sure  expressed  as  a  height  of  mercury) 

Combining,  P  —  P0  =  p  —  po  +  hi  +  h2 

and  letting  A P  =  P  —  P0  and  A P  =  P  —  Po 

Therefore,  A  P  =  Ap  +  hi  +  h2  (1) 

Equality  of  Volumes  of  Displaced  Mercury. 

hiAi  —  h2A2  (2) 

Isothermal  Compression  of  Ideal  Gas  in  Float. 
pL  =  poLo 

or  pL  —  p0L  =  poLo  —  PoL  =  po(Po  —  L)  =  pah  2 

and  L  Ap  =  (L0  —  h2)  A p  =  Poh2  (remembering  that  P0  =  p„) 

Therefore,  Po  A p  =  h2(  A p  +  P0)  (3) 

Equilibrium  of  Buoyant  Forces.  Assuming  pressure  in 
vacuum  line  is  zero  and  neglecting  buoyant  forces  due  to  gas, 

W  +  A2(mo  +  hi)d  =  ( A2  +  A3)md  +  aPd,  and  W  =  A3rru,d 

Combining,  A3mad  +  A2mod  +  A2h2d  —  A2md  +  A3md  +  aPd 

Simplifying,  hi{A2  +  A3)  +  h-2A2  =  aP 


Cfobs  -  5 ect/o a/ 

Figure  1 


A  ~  A/  f  A  ^  f  A  ^ 


633 


Substituting  Equation  2,  and  making  use  of  A P  =  P  —  P0 
hiA  =  a(  A  P  +  Po) 


(4) 
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P/G.  2 

Sea/s/t/v/ty 
Chart 

E=  %  ERROR  /*/  P 

£o  +£p 

E0  =  ERROR  AT  P=  O 

E  =  Error  Due  to  P 
d  =  D/am.  of  Or/f/ce 
D=  D/am.  of  Cohta/z/er 
^/~  Cross -sect/oazal  Area  of 

L/QU/D  OUTSZDE  FL  OA  T 

Cross- Sect/oazal  Area  of 
L/qu/d  //zs/de  float 
C  -  Lez/gth  of  Float  aeove  L/qu/d 


P=  Pressure  expressed  as  Fe/g/zt  of  L/qu/d  (same  or, 'rs  as  L) 


Equations  1  to  4  may  be  solved  simultaneously  for  AP  in  terms 
oi  r o,  Lo,  a,  A,  A i ,  and  A 2  by  eliminating  h\,  ho,  and  A p: 

Combining  2  and  4  to  eliminate  hi  and  letting 

z.  =  £ 

A  A 2 

gives  h2  =  ki(AP  +  P0) 

Combining  3  and  5  to  eliminate  h2  and  simplifying, 

Ap(L0  -klAP  -  ktPo)  =  hPo(  AP  +  Po) 

Combining  1,  2,  and  4  so  as  to  eliminate  hi  and  h2  and  letting 


(5) 


(6) 


k2 


■5&+0 


glves  AP(1  -  k2)  -  k-J\  =  Ap 

Combining  6  and  7  to  eliminate  A p  and  simplifying 

k2P  oLo 


(7) 


( AP)2 


(%-2P°) 


AP  + 


*i(l  —  kt) 


+  Po2  =  0 


Aow|,  and  k2  should  be  made  very  small  to  give  high  sensitiv¬ 
ity  so  that  the  square  term  may  be  neglected  and  (1  -  k,)  mav 
be  taken  as  unity;  therefore  as  a  close  approximation 


AP  =  k,L,  +  fc.Pp  =  *2  +  La  P° 

Po  Lo-  2  kiPo  1  _  2  ki  Po 

Lo 

As  a  further  approximation,  if  k2  is  sufficiently  small, 

pf  =  k'2  +  Zo  Po  (8) 

Equation  8  expresses  the  sensitivity  as  a  fractional  deviation 
which  is  a  linear  function  of  the  pressure  when  the  above  approxi¬ 
mations  are  valid.  From  the  definitions  of  k\  and  k2.  it  is  obvious 

that  high  sensitivity  is  obtained  by  making  ratio  -  as  small  as 

A 

possible — i.e.,  by  using  a  small  opening  and  a  large  container.  The 

sensitivity  is  also  improved  by  making  ratio  —  smaller  or  Lo 

A  2 

larger.  It  is  significant  to  note  that  the  sensitivity  is  independent 
of  the  cross-sectional  area  of  the  float,  A3.  Since  the  fractional 
deviation  in  the  pressure  to  be  maintained  increases  with  the 
pressure,  it  is  desirable  to  use  a  smaller  opening,  a,  for  larger 
pressures.  Fortunately,  this  is  in  the  desirable  direction,  because 
at  higher  pressures  leakage  is  smaller  and  a  higher  pressure  differ- 
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ential  exists  across  the  opening,  so  that  more  rapid  evacuation  is 
possible.  To  maintain  very  low  pressures,  a  larger  opening  is 
required  to  take  care  of  leaks  and  to  give  more  rapid  evacuation; 
since  the  last  term  in  Equation  8  becomes  negligible,  the  fractional 
deviation  may  then  be  conveniently  approximated  by: 


f-*'-Kx;+0 


(9) 


and  then  vertically  to  the  value  of  d/D,  then  at  45°  to  the  axis 
corresponding  to  L  =  1,  and  finally  horizontally  to  give  the  value 
of  Ea.  The  total  per  cent  error  in  the  pressure  is  the  sum  of  Ea  and 


EP: 


E  =  E0  +  Ep  =  0.28  +  0.22  =  0.50% 

Hence  the  pressure  of  175  mm.  of  mercury  will  then  fluctuate 


To  enable  one  rapidly  to  compute  the  sensitivity  as  given  by 
Equation  8,  the  chart  in  Figure  2  was  constructed.  In  this 
chart  the  symbols  have  the  same  meaning  as  before  with  the  fol¬ 
lowing  addition: 


%  error  in  P  =  X  100 


The  per  cent  error  in  P  is  divided  into  two  terms — namely,  one 
which  is  independent  of  pressure,  E 0,  and  one  proportional  to  the 
pressure,  Ep.  The  values  of  d/D,  Ai/A2,  and  L  are  determined  by 
the  dimensions  of  the  device — e.g.,  0.047,  0.23,  and  43  mm.,  re¬ 
spectively — and  P  is  arbitrarily  chosen — e.g.,  175  mm.  of  mer¬ 
cury.  On  the  chart,  the  initial  point  of  this  representative 
example  is  marked  by  O  on  the  Ax/A2  axis;  this  is  continued  verti¬ 
cally  downward  to  meet  the  value  of  d/D  projected  across  hori¬ 
zontally.  The  point  of  intersection  determines  one  of  the  45° 
lines,  which  is  intersected  by  the  value  of  L  projected  upward 
vertically.  From  this  second  point  of  intersection  a  horizontal 
line  is  projected  to  meet  the  vertical  line  projected  down  from  the 
P  axis  corresponding  to  the  desired  pressure.  The  intersection  of 
these  lines  determines  a  45°  line  which  is  projected  to  the  E  axis 
and  determines  the  value  of  Ep  in  per  cent.  The  above  path  is 
shown  by  the  dotted  line.  To  determine  E  ,  the  path  indicated 
by  the  short  and  long  dashed  line  is  obtained  as  follows:  From  the 
point  marked  0  on  the  A\/ A2  axis,  the  path  proceeds  horizontally 
to  the  value  of  (Ai/A/)  +  1  by  adding  unity  to  the  value  of  AJA2, 


Figure  3 
Rate  of  Flow  of 
Gas  through  aj ah ostat 
Or/f/ce  at  7S°F 

V -  .0368 

■/m 

y  =  Flow  in  Li/hin 
af  S.T.P. 

d-  Orifice  Oiani  /nmm. 

P= Pressure  in 

MM.  OF  HG. 

Mol.  Wgt. 
of  Gas 
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by  0.9  mm.  of  mercury.  Higher  sensitivity  is  possible  by  de¬ 
creasing  the  ratio  d/D,  say,  by  decreasing  the  size  of  the  orifice. 
However,  the  size  of  the  orifice  limits  the  capacity  of  gas  removal 
from  the  system,  so  that  increased  sensitivity  by  decreasing  the 
size  of  the  orifice  is  obtained  at  the  expense  of  decreased  capacity. 

In  Figure  3,  the  rate  of  gas  flow  is  plotted  from  a  suitable  orifice 
flow  equation  (Fliegner’s  equation)  modified  to  include  the 
molecular  weight  of  the  gas,  although  otherwise  based  on  air  flow. 

A  representative  example  is  shown  by  the  dotted  lines  on  the 
chart  for: 

P  =  120  mm.  of  mercury,  d  -  1.25  mm. 
for  air  flow  (M  =  29) 

Starting  at  the  value  of  P,  the  path  proceeds  vertically  to  the 
45  °  line  corresponding  to  the  molecular  weight  of  the  gas  (  air  is 
shown  by  the  heavy  line),  then  horizontally  to  the  d  =  0.1-mm. 
axis.  F rom  here  the  path  follows  an  oblique  line  until  it  intersects 
the  vertical  line  corresponding  to  the  value  of  d,  and  finally  hori¬ 
zontally  to  give  the  rate  6f  gas  flow  of  1.3  liters  per  minute  at 
standard  temperature  and  pressure  (S.T.P.  =  0°  C.  and  760  mm. 
of  mercury  pressure). 

Thus,  by  means  of  these  charts,  the  dimensions  of  the  device 
may  be  chosen  to  give  desired  characteristics  within  very  wide 
ranges.  These  charts  do  not  extend  below  a  pressure  of  1  mm.  of 
mercury,  because  for  lower  pressures  new  factors  controlling 
both  the  sensitivity  and  rate  of  gas  flow  are  introduced.  Thus,  the 
rate  of  gas  flow  equation  has  to  be  modified  by  lower  discharge 
orifice  coefficients  due  to  change-over  from  turbulent  to  viscous 
flow.  Moreover,  the  sensitivity  of  the  device  becomes  dependent 
upon  the  relative  motion  of  the  float,  which  is  adequate  at  pres¬ 


sures  above  about  1  mm.  of  mercury;  below  this  pressure,  modi 
fications  in  design  are  needed  to  magnify  the  displacement  of  th< 
float. 

CONCLUSIONS 

The  simplicity  of  this  type  of  manostat  and  the  ease  with  whict 
it  may  be  designed  to  meet  a  vide  range  of  requirements  make  if 
ideal  for  practically  all  laboratory  needs  in  place  ef  complicated 
electrical  hookups.  Built  of  heavy  glass  or  metal,  the  uni< 
may  be  easily  adapted  for  superatmospheric  pressures.  Further¬ 
more,  by  suitable  design,  the  device  may  be  used  for  large  indus¬ 
trial  applications  whenever  constant-pressure  conditions  must 
be  maintained  automatically.  Certain  modifications  of  the  de¬ 
vice  may  also  be  made,  so  that  it  is  more  suitable  for  very  low 
pressure,  and  in  which  it  is  also  a  direct-reading  semi  vacuum 
gage.  These  modifications  are  still  in  the  process  of  development 
and  will  be  discussed  in  a  subsequent  paper. 
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Determination  of  Some  Aromatic  Amines  and  Substituted 

Ureas  in  Smokeless  Powder 

Improved  Volumetric  Bromination  Procedure 

THOMAS  D.  WAUGH,  GARMAN  HARBOTTLE,  AND  RICHARD  M.  NOYES,  California  Institute  of  Technology,  Pasadena,  Calif. 


The  volumetric  bromination  procedure  which  is  in  general  use  for  the 
estimation  of  stabilizers  in  smokeless  powder  has  been  modified  by 
the  use  of  glacial  acetic  acid  as  a  solvent  for  the  sample  to  be  bro- 
minated.  The  modified  procedure  is  more  convenient  than  the  stand¬ 
ard  procedure  in  which  carbon  tetrachloride  is  used  in  a  two-phase 
system,  and  less  dependent  on  conditions  of  bromination  than  the 
standard  procedure  in  which  alcohol  is  used  as  the  solvent. 

FOR  the  quantitative  determination  of  stabilizers  in  smokeless 
powders  a  volumetric  bromination  procedure  has  been  widely 
used  in  preference  to  gravimetric  procedures,  which  are  generally 
more  time-consuming.  The  volumetric  bromination  procedure 
involves  treatment  of  a  solution  of  a  powder  extract  with  a  known 
amount  of  standard  bromate-bromide  solution,  acidification  to 
liberate  bromine,  addition  of  iodide  in  excess  at  the  end  of  the 
bromination  period,  and  titration  of  the  free  iodine  with  standard 
thiosulfate  solution  with  the  use  of  starch  as  indicator.  This 
procedure  has  been  used  in  the  determination  of  diphenylamine, 
ethyl  centralite  (Ar,A’'-diethyl-Ar,iY'-diphenylurea),  and  acardite 
(Ar,Ar-diphenylurea).  Finder  the  conditions  of  the  procedure 
1  molecule  of  diphenylamine  reacts  with  4  molecules  of  bromine, 
and  1  molecule  of  ethyl  centralite  or  acardite  reacts  with  2. 

In  the  procedure  as  developed  for  centralite  by  Levenson  (2), 
the  bromination  and  titration  are  carried  out  in  a  one-phase  solu¬ 
tion  in  the  presence  of  ethyl  alcohol  to  keep  the  stabilizer  in  solu¬ 


tion,  under  carefully  controlled  conditions  of  temperature  and 
time  in  order  to  obtain  quantitative  bromination  of  the  stabilizer 
without  accompanying  side  reactions  between  the  bromine  and 
the  alcohol.  In  order  to  eliminate  the  necessity  for  such  precise 
control  a  procedure  employing  carbon  tetrachloride  as  a  solvent 
for  the  stabilizer  was  developed  by  Ellington  and  Beard  ( 1 ). 
Carbon  tetrachloride  is  nonreactive  to  bromine,  so  that  condi¬ 
tions  of  bromination  are  much  less  critical  than  in  the  alcohol  pro¬ 
cedure.  The  manipulations  are  somewhat  cumbersome,  however, 
because  the  two-phase  system  must  be  shaken  frequently  during 
bromination  and  titration.  Both  the  alcohol  procedure  and  the 
carbon  tetrachloride  procedure  are  in  common  use  for  the  estima¬ 
tion  of  diphenylamine  and  centralite  in  smokeless  powders. 

The  authors  have  found  that  the  advantages  of  both  procedures 
may  be  obtained  in  a  procedure  in  which  glacial  acetic  acid  is 
used  as  the  solvent  for  the  substances  to  be  brominated.  Acetic 
acid  is  nonreactive  to  bromine;  moreover,  its  use  permits  the 
bromination  and  titration  to  be  carried  out  in  a  single  phase. 
Accordingly,  they  have  developed  a  procedure  involving  the  use 
of  acetic  acid  and  have  tested  this  procedure  by  determinations  of 
ethyl  centralite,  diphenylamine,  and  acardite. 

Most  procedures  for  the  estimation  of  stabilizers  in  smokeless 
powder  involve  extracting  the  powder  sample  directly  with  ether 
or  else  decomposing  the  sample  with  alkali,  distilling  the  stabil¬ 
izer  with  steam,  and  extracting  the  distillate  with  ether;  the  re- 
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Table  I.  Analysis  of  Pure  Samples  of  Stabilizers 

Temperature 


Bromination,  Bromination,  _ Per  Cent  of  Sample  Detected 


Stabilizer 

Method 

Minutes 

.  0  c. 

Individual  determinations 

Average 

Sthyl  centralite 

HOAc 

5 

Room 

101.5,  101.0,  102.0,  102.8 

101.8 

1 

100.2,  99.9,  99.8,  100.0 

100.0 

45  sec. 

99.8 

99.8 

30  sec. 

99.5 

99.5 

15  sec. 

99.3 

99.3 

Alcohol 

45  sec. 

15-20 

99.3,  99.6,  99.7,  99.2 

99.5 

CCL 

5 

Room 

99.8,  99.8,  98.3,  100.7, 
99.9,  99.6, 100.8,  99.3,  99.6 

99.8 

Diphenylamine 

HOAc 

1 

Room 

99.9,  99.0 

99.4 

CCL 

5 

Room 

99.6,  99.8,  99.2,  99.9 

99.6 

\cardite 

HOAc 

10 

Room 

99.0 

99.0 

5 

99.1,  98.3 

98.7 

1 

84.5,  82.8 

83.6 

ecu 

3  hours 

Room 

81.3 

81.3 

5 

30.9 

30.9 

Titration.  At  the  end  of  this  time 
10  ml.  of  15%  potassium  iodide  solution 
are  added,  the  flask  is  swirled,  and  the 
gutter  and  walls  are  washed  down  with 
distilled  water  from  a  wash  bottle.  The 
solution  is  titrated  immediately  with  0.05 
N  sodium  thiosulfate  solution.  Five 
milliliters  of  0.5%  starch  solution  are 
added  when  the  solution  has  assumed  a 
light  yellow  color,  and  the  titration  is 
continued  to  the  disappearance  of  the 
blue  color.  A  blank  determination  is 
made,  under  the  same  conditions  of 
bromination  and  titration,  on  a  60-ml. 
portion  of  glacial  acetic  acid.  The  per¬ 
centage  of  stabilizer  in  the  powder  sam¬ 
ple  is  calculated  by  means  of  the  equa¬ 
tion 


fable  II.  Comparative  Analyses  of  a  Nitroglycerin  Propellant  for 
Ethyl  Centralite 

Carbon 

Tetrachloride  Acetic  Acid 


Percentage  of  stabilizer 


(1  -  A/B)  NVC 
W 


% 

% 

Centralite 

0.986 

0.971 

0.997 

0.973 

0.978 

0.981 

Av. 

0.992 

0.976 

ulting  ether  solution  is  evaporated,  and  the  residue  from  the  evap¬ 
oration  is  analyzed  for  stabilizer.  The  authors  have  found  that 
he  use  of  these  procedures  on  samples  that  were  subsequently 
iinalyzed  for  ethyl  centralite  or  diphenylamine  by  the  carbon  tet- 
achloride  bromination  procedure  frequently  led  to  results  which 
rere  low  by  as  much  as  10%  of  the  stabilizer  present.  Subsequent 
tudies  indicated  that  the  discrepancies  were  due  to  the  presence 
if  difficultly  volatile  peroxides  in  the  ether.  The  replacement  of 
ther  by  methylene  chloride  as  an  extracting  solvent  eliminated 
he  discrepancy  entirely  and  led  to  satisfactory  results.  Accord- 
ngly  its  use  is  recommended  in  the  procedure  given  below. 

PROCEDURE 

This  procedure  may  be  used  when  diphenylamine,  centralite,  or 
tcardite  are  present  in  a  smokeless  powder  in  the  absence  of  other 
ubstances  that  react  with  bromine.  Nitroglycerin  and  diethyl 
ihthalate  do  not  interfere.  When  more  than  one  stabilizer  is  pres¬ 
et  in  a  given  powder,  a  more  involved  procedure  than  the  one 
i;iven  below  must  be  used. 


in  which  A 

B 

N 

V 

W 

c 


=  volume  of  thiosulfate  consumed  in  titration  of 
sample 

=  volume  in  milliliters  of  thiosulfate  solution  con¬ 
sumed  in  titration  of  blank 
=  normality  of  standard  bromate-bromide  solution 
=  volume  of  pipet  in  milliliters 
=  weight  of  powder  sample  in  grams 
=  one  tenth  of  equivalent  weight  of  stabilizer; 
6.709  for  centralite,  2.115  for  diphenylamine, 
and  5.306  for  acardite 


The  nitroglycerin  remaining  in  the  solution  at  the  end  of  the 
titration  should  be  destroyed  by  boiling  with  an  excess  of  ferrous 
chloride  or  by  some  other  appropriate  procedure. 


RESULTS 

The  accuracy  and  precision  of  the  new  method  and  the  effect  of 
time  of  bromination  were  determined  by  analysis  of  purified  sam¬ 
ples  of  ethyl  centralite,  acardite,  and  diphenylamine,  as  well  as 
powder  samples  containing  ethyl  centralite;  comparison  analyses 
were  also  made  by  one  or  both  of  the  standard  procedures  men¬ 
tioned  above.  The  results  of  these  experiments  are  presented  in 
Tables  I  and  II.  Additional  experiments,  the  results  of  which  are 
not  given  in  the  tables,  demonstrated  that  acetic  acid  is  virtually 
inert  toward  bromination  under  conditions  of  the  procedure  and 
that  the  presence  of  either  nitroglycerin  or  diethyl  phthalate  does 
not  introduce  serious  error  into  the  estimation  of  centralite. 


Reagents.  Standard  0.1000  N  bromate-bromide  solution  is 
prepared  by  dissolving  2.784  grams  of  recrystallized  potassium 
iromate  (dried  to  constant  weight  at  110°  C.)  and  15  grams  of 
>otassium  bromide  in  distilled  water  and  diluting  to  1  liter  in  a 
volumetric  flask.  Standard  0.05  N  sodium  thiosulfate  solution, 
>.5%  starch  indicator  solution,  and  a  15%  solution  of  potassium 
odide  are  prepared  according  to  standard  iodometric  practice 
3). 

The  methylene  chloride  used  for  extraction  is  distilled  from 
echnical  grade  material;  adequate  head  and  tail  fractions  are  dis- 
arded.  Reagent  grade  glacial  acetic  acid  is  used  in  the  bromina- 
ion  procedure. 

Extraction  and  Bromination.  A  sample  of  powder  con- 
aining  not  more  than  0.075  gram  of  ethyl  centralite,  0.02  gram  of 
liphenylamine,  or  0.06  gram  of  acardite  is  finely  divided  and  in- 
roduced  into  a  Soxhlet  extraction  apparatus,  which  is  attached  to 
250-ml.  glass-stoppered  iodination  flask  containing  100  ml.  of 
nethylene  chloride.  The  sample  is  extracted  for  2  hours  or  more, 
lepending  on  its  state  of  subdivision.  The  flask  is  then  detached 
nd  the  methylene  chloride  is  completely  evaporated  by  means  of 
stream  of  dry  air,  with  suitable  precautions  to  minimize  the 
Hazard  due  to  possible  detonation  of  the  nitroglycerin  in  the  ex- 
iract.  The  residue  is  dissolved  by  the  addition  of  60  ml.  of  glacial 
.cetic  acid,  and  25.00  ml.  of  0. 1000  N  bromate-bromide  solution  are 
-dded  with  a  pifiet.  Five  milliliters  of  concentrated  hydrochloric 
cid  are  added,  the  flask  is  stoppered,  and  the  contents  are  mixed 
iiy  swirling.  The  bromination  is  allowed  to  proceed  for  1  =±=  0.25 
ninutes  from  the  time  the  solution  was  acidified  if  centralite  or 
liphenylamine  are  being  determined,  or  at  least  5  minutes  in  the 
ase  of  acardite. 


The  data  in  Tables  I  and  II  demonstrate  that  this  volumetric 
procedure  involving  bromination  in  acetic  acid  solution  is  satis¬ 
factorily  accurate  and  precise,  and  that  the  results  are  not  criti¬ 
cally  dependent  on  the  time  allowed  for  bromination.  As  it  is 
more  convenient  to  carry  out  than  the  carbon  tetrachloride  and 
alcohol  procedures,  it  is  recommended  for  the  estimation  of  stabil¬ 
izers  in  smokeless  powders. 
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Analysis  of  Organoselenium  Compounds 
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A  procedure  developed  for  the  determination  of  selenium  in  or¬ 
ganic  compounds  involves  combustion  of  the  substance  in  a  hydro¬ 
gen-oxygen  flame,  followed  by  collection  and  titration  of  the  se¬ 
lenium  dioxide  formed,  lodometric  methods  for  the  determination 
of  the  equivalent  weights  of  certain  types  of  organoselenium  com¬ 
pounds  reduced  by  potassium  iodide  and  of  diaryl  diselenides  are 
also  described.  The  methods  are  all  rapid  and  accurate. 

INVESTIGATION  of  the  known  methods  for  the  analysis  of 
organic  compounds  of  selenium  showed  these  procedures  to 
be  either  tedious  and  time-consuming  or  inaccurate.  In  testing 
the  available  methods,  best  results  were  obtained  by  use  of  a 
modification  of  the  combustion  method  of  Niederl  and  Niederl 
U)  which  is  based  on  the  methods  of  Alber  and  Harand  (I)  and 
Umezawa  (5)  and  involves  combustion  of  the  substance  in  oxy¬ 
gen  gas  on  a  glowing  platinum  surface.  However,  it  was  found 
more  expedient  and  fully  as  accurate  to  determine  the  selenium 
dioxide  formed  by  an  improved  iodometric  method  based  on  that 
of  van  der  Meulen  (3).  The  titration  as  described  by  van  der 
Meulen  is  erratic,  particularly  where  hydrochloric  acid  is  used 
or  where  chlorine  is  present  in  the  substance  being  analyzed. 
This  erratic  behavior  is  due  to  oxidation  of  iodide  by  oxygen 
of  the  air  which  is  apparently  catalyzed  by  something  present 
in  the  solution.  This  difficulty  was  overcome  by  modifying  the 
method  as  described  in  the  procedure  below.  In  spite  of  this 
and  other  improvements,  the  method  was  still  lengthy  and  re¬ 
quired  constant  attention  and  skill  during  the  combustion. 
It  gives  good  results,  however,  in  the  hands  of  a  skilled  operator. 

The  new  analytical  methods  described  in  the  present  paper  are 
of  two  types:  (1)  the  flame  combustion  of  the  organoselenium 
compound  which  leads  directly  to  the  determination  of  the 
selenium  content  and  (2)  volumetric  methods  which  yield  the 
equivalent  weights  of  the  compounds  being  analyzed. 

FLAME  COMBUSTION  METHOD 

A  method  for  the  determination  of  halogens  in  organic  com¬ 
pounds  by  flame  combustion  has  been  described  by  Winter  (<?). 
The  simplicity  and  accuracy  of  this  procedure  led  the  present 
workers  to  investigate  its  possibilities  as  a  method  for  selenium 
analysis.  Preliminary  tests  showed  that  selenium  was  oxidized 
completely  to  the  tetravalent  state  when  the  organoselenium 
compound  was  burned  in  a  flame  supplied  with  an  ample  quan¬ 
tity  of  oxygen.  In  an  ordinary  air-supplied  gas  flame,  part  of 
the  selenium  came  through  as  the  element  and  formed  a  red 
deposit  in  the  chimney. 

Apparatus  and  Procedure.  The  apparatus  is  shown  in 
rigure  1.  The  burner,  ABCD,  is  made  of  transparent  quartz 
tubing.  Although  the  dimensions  do  not  seem  to  be  critical 
ad  lnsic*e  diameters  of  the  tubing  actually  used  are  6  mm.  for  arm 
AB,  3  mm.  for  side  arm  D  and  the  inner  jet  of  burner  C,  and  10 
mm.  for  the  outer  tube  of  the  burner.  The  chimney  and  absorp¬ 
tion  tube,  EFGH,  are  of  Pyrex,  the  inside  diameters  being  30 
mm.  at  E,  6  mm.  at  F,  and  15  mm.  at  H  with  a  10/30  J  joint  at  G. 
Other  dimensions  are  shown  roughly  to  scale  in  the  figure.  The 
absorption  tube,  H,  is  tightly  packed  with  Pyrex  glass-wool  which 
had  been  soaked  in  chromic  acid  cleaning  solution  and  thoroughly 
rinsed  with  water. 

In  use  the  burner,  thermometer,  and  lower  part  of  the  chimney 
are  placed  inside  an  electric  furnace,  L,  contained  in  a‘10  X  20  cm. 
Pyrex  electrolytic  beaker,  K.  The  heater  consists  of  5.4  meters 
(18  teet)  of  22-gage  Chromel-A  ware  (1.0  ohm  per  foot)  wound  on  a 
iransite  frame  and  is  energized  through  a  variable  transformer. 

ihe  apparatus  is  assembled  into  three  independently  movable 
units  consisting  of  the  quartz  burner  and  thermometer,  the  fur- 
nace,  and  the  chimney  and  absorption  apparatus. 


Although  only  solid  samples  have  been  analyzed  in  this  labors 
tory,  there  is  no  apparent  reason  why  liquid  and  gaseous  sample 
could  not  be  handled  if  one  modified  the  apparatus  as  describe- 
by  Winter  for  halogen  analysis.  The  sample  size  was  adjuste 
to  contain  20  to  80  mg.  of  selenium,  the  governing  factors  be 
ing  the  normality  of  the  sodium  thiosulfate,  the  size  of  the  burel 
and  whether  or  not  a  method  of  aliquots  is  employed  in  th 
titration.  The  sample  may  be  compressed  into  a  pellet  o 
weighed  directly  into  the  small  platinum-foil  boat,  B. 

The  weighed  sample  is  introduced  at  A  and  shaken  down  to  B 
Hydrogen  gas  is  then  introduced  at  D  at  a  rate  of  about  200  ml 
per  minute  and  after  the  original  air  has  been  swept  out,  the  ga 
is  lit  at  C.  The  flame  should  be  about  1  cm.  high.  The  oxygei 
is  then  slowly  turned  on  until  a  flow  rate  of  about  100  ml.  pe 
minute  is  reached.  Once  started,  the  flame  is  very  stable  an< 
does  not  go  out  during  an  analysis.  The  furnace  and  chimnei 
assemblies  are  then  brought  into  place  and  suction  applied  at 
sufficient  to  give  an  air  flow  through  the  chimney  of  about  : 
liter  per  minute,  which  is  rapid  enough  to  sweep  all  products  o 
combustion  into  the  absorber.  Although  successful  analyse; 
have  been  performed  without  the  use  of  flowmeters,  it  is  recom 
mended  that  some  kind  of  gage  be  placed  in  each  of  the  three  line: 
mentioned. 


The  current  to  the  heater  is  then  started  and  the  voltage  raisec 
to  the  point  where  a  suitable  rate  of  volatilization  of  the  sample  i: 
obtained.  Experience  alone  will  tell  the  most  satisfactory  tern 
perature  for  the  vaporization  of  a  given  substance,  but  the  opera 
tor  soon  becomes  skilled  in  this  regard.  The  otherwise  color¬ 
less  flame  assumes  a  blue  color,  the  intensity  of  which  is  propor¬ 
tional  to  the  rate  at  which  the  selenium  compound  is  being  burned 
This  color  serves  as  a  good  indication  of  the  onset  of  vaporizatior 
as  well  as  of  the  completion  of  the  analysis.  Most  of  the  seleniun 
dioxide  formed  in  the  reaction  deposits  in  the  tube  at  F,  but  a 
significant  quantity  makes  its  way  to  the  glass-wool  in  the  ab¬ 
sorber,  H. 

A  large  proportion  of  the  compounds  analyzed  vaporized 
cleanly  without  decomposition  or  residue.  However,  in  some 
cases  decomposition  accompanies  volatilization,  so  that  a  dark, 
nonvolatile,  selenium-containing  residue  remains.  When  this  is 
the  case,  the  thermometer  is  removed  and  the  temperature  is 
gradually  raised  to  the  point  where  the  compound  slowly  burns  in 
the  oxygen  stream.  This  is  the  advantage  of  introducing  the 

sample  into  the  oxygen  rather  than 
into  the  hydrogen.  In  some  cases  the 
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Table  1.  Analysis 

of  Organoselenium  Compounds  by  the  Flame 
Combustion  Method 

Selenium 

Compound 

Formula 

Theory 

% 

Analysis 

% 

Deviation 

% 

Di-p-tolylselenium 

CuHnSe 

30.23 

30.22 

-0.03 

Dibenzyl  diselenide 

C^HnSes 

46.42 

46 . 53 

0.24 

Diphenyl  diselenide 

Bis  (p  -  methoxy- 

Ci2HioSe2 

50.60 

50.51 

-0.18 

phenyl)  selenium 

Bis  (o  -  chlorophenyl) 

C^H^CbSe 

26.93 

26.83 

-0.37 

selenium 

C22H8Cl2Se 

26.14 

26  14 

0.00 

p-Tolyl  selenocyanate 
p  -  Nitrophenyl  seleno- 

C8H;NSe 

40.27 

40.37 

0.25 

cyanate 

CjIBNjOaSe 

34.77 

34.60 

-0.49 

Phenylseleninic  acid 
a  -  (o  -  Biphenylyl- 

CeHeC^Se 

41.76 

41.70 

-0. 14 

seleno)  propionic  acid  CuHiaC^Se 

25.87 

25.77 

'  -0.39 

When  combustion  is  complete,  which  requires  15  to  45  minutes, 
the  hydrogen  and  oxygen  are  stopped  and  the  furnace  is  shut  off 
and  lowered  to  permit  the  apparatus  to  cool.  The  suction  is 
left  on  during  the  cooling  process.  When  cool,  the  chimney  is 
removed  from  the  absorber  and  the  selenium  dioxide  rinsed  into  a 
250-  or  500-ml.  volumetric  flask  with  water.  By  alternately 
applying  suction  to  G  and  J,  the  glass-wool  is  rinsed  with  three  or 
four  25-ml.  portions  of  water,  each  portion  being  drawn  up 
and  down  slowly  several  times,  then  added  to  the  volumetric 
i flask.  This  rinsing  must  be  carefully  done  in  order  to  remove 
all  the  selenious  acid.  The  final  rinse  water  should  not  show  a 
color  when  added  to  an  acidified  solution  of  starch  and  potassium 
iodide.  After  rinsing  is  complete,  the  volumetric  flask  is  filled 
to  the  mark  and  aliquots  are  titrated  by  the  procedure  below. 

Titration  of  Selenious  Acid.  The  solution  containing  the 
selenious  acid  is  boiled  gently  for  a  few  minutes  to  remove  dis¬ 
solved  oxygen,  then  cooled  to  room  temperature  in  an  ice-water 
mixture.  Air  is  subsequently  kept  out  of  the  flask  by  addition 
of  small  pieces  of  dry  ice  from  time  to  time  or  by  passage  of  carbon 
dioxide  or  nitrogen  gas  into  the  flask.  Although  this  latter 
precaution  is  not  absolutely  necessary,  more  reliable  results 
have  been  obtained  in  this  way.  To  the  solution  are  then  added 
15  ml.  of  2%  starch  solution,  10  ml.  of  1.5  M  potassium  iodide, 
and  10  ml.  of  6  N  sulfuric  acid  in  the  order  named,  mixing  thor¬ 
oughly  after  each  addition.  The  solution  is  then  titrated  at 
once  with  approximately  0.05  N  sodium  thiosulfate.  The  end 
point  is  sharp  and  is  marked  by  a  change  from  a  turbid  brown  to  a 
transparent  red  color.  1.000  ml.  of  0.05000  Ar  Xa2S20:;  =  0.9870 
mg.  of  Se. 

Results  and  Discussion.  The  accuracy  of  the  flame  com¬ 
bustion  method  is  indicated  by  the  results  given  in  Table  I  for 
the  analysis  of  a  number  of  carefully  purified  substances. 

The  above  examples  show  that  the  method  yields  excellent  re¬ 
sults  for  compounds  of  widely  differing  types  containing  se¬ 
lenium  together  with  carbon,  hydrogen,  oxygen,  nitrogen,  and 
chlorine.  The  method  in  its  present  form  does  not  give  good  re¬ 
sults  when  bromine,  iodine,  or  sulfur  is  present,  since  these  ele¬ 
ments  yield  substances  which  reduce  tetravalent  selenium  in  the 
absorber.  However,  bromine  and  iodine  also  interfere  with  other 
i  combustion  methods,  although  sulfur  does  not  because  of  its 
:  oxidation  to  sulfur  trioxide  (rather  than  dioxide)  on  the  plati¬ 
num  contacts.  It  is  this  interference  by  sulfur  in  the  flame  com¬ 
bustion  method  which  makes  it  advisable  to  use  hydrogen  as  a 
fuel  rather  than  commercial  gas  which  is  apt  to  contain  sulfur. 
The  flame  combustion  method  has  a  distinct  advantage  over 
other  methods  in  being  more  rapid  and  requiring  less  skill  and 
attention  on  the  part  of  the  analyst. 

VOLUMETRIC  METHODS 

A  number  of  types  of  organoselenium  compounds  which  con¬ 
tain  halogen  or  oxygen  directly  bonded  to  selenium  lend  them¬ 
selves  to  iodometric  procedures  for  determination  of  equivalent 
weight.  These  compounds  react  with  aqueous  potassium  iodide 
to  form  triiodide,  which  may  then  be  titrated  with  sodium  thio- 
i  sulfate.  The  titration  of  diarylselenium  dihalides  has  been  de- 
j  scribed  in  a  previous  communication  (2) .  The  reduction  prod¬ 
ucts  and  the  equivalents  per  mole  for  the  various  types  of  com- 
i  pounds  are  indicated  in  Table  II. 


Table  li.  Reduction  Products  and  Equivalents  per  Mole  for  Various. 
Types  of  Organoselenium  Compounds 


Type  of 

Reduction 

Equivalents 

Compound 

Product 

per  Mole 

R2SeX2 

R2Se 

2 

R2SeO 

R2Se 

2 

RSeXs 

R2Se2 

3 

RSeX 

•  R2Sea 

1 

RSeChH 

R2Se2 

3 

Table  III.  Equivalent  Weights  of 
Reduced  by  Pota 

Some  Selenium 
ssium  Iodide 

Equivalent  Weight 
Experi- 

Compounds 

Deviation, 

Compound 

DiphenyLselenium  di- 

Formula 

Theory 

mental 

% 

chloride 

Diphenylselenium  di- 

(CtH£)2SeCl2 

152.1 

151.9 

-0.13 

bromide 

Di-p-tolylselenium  di- 

(CahUhSeB^ 

196.5 

196.6 

0  05 

bromide 

Dibenzoselenophene  di- 

(C7hl7)2SeBr2 

210.5 

210.3 

-0.10 

bromide 

4  -  Methoxydiphenyl- 

Ci2HsSeBr2 

195 . 5 

195.4 

-0.05 

selenium  dichloride 

4  -  Bromodiphenylse- 

C13H,2OSeCl2 

167.1 

167.7 

0.36 

lenium  dibromide 

4  -  Methyldiphenylse- 

Ci2H9BrSeBr2 

236.0 

235.1 

-0.38 

lenium  dibromide 

4,4'  -  Diethoxydiphenyl 

Ci3Hi2SeBr2 

203  5 

203.6 

0.05 

selenoxide 

Phenvlselenium  tribro- 

(CsHgObSeO 

168.6 

169.0 

0.24 

mide 

Phenylselenium  mono- 

CetRSeBra 

131.9 

131.4 

-0.30 

bromide 

CsHsSeBr 

236.0 

236.3 

0  13 

Phenylseleninic  acid 

CsHsSeChH 

63.0 

63.2 

0.32 

Table  IV.  Iodometric  Titration  of  Diaryl  Diselenides 


Equivalent 

Weight 

Experi- 

Deviation, 

Compound 

Formula 

Theory 

mental 

% 

Diphenyl  diselenide 

(C6Hs)2Se2 

52.01 

51.97 

-0.1 

51.53 

-0.9 

Di-p-tolyl  diselenide 

(CjHjhSej 

56.70 

56.98 

0.5 

Di(o-biphenylyl)  diselenide 

(Ci2Hg)2Se2 

77.38 

76.84 

•  -0.7 

Procedure  for  Compounds  Reducible  by  Potassium  Io¬ 
dide.  The  weighed  sample  (0.1  to  0.5  gram)- is  placed  in  a  glass- 
stoppered  flask  containing  5  ml.  of  carbon  tetrachloride,  25  ml.  of 
0.3  M  potassium  iodide,  and  2  ml.  of  6  M  sulfuric  acid.  After 
shaking,  the  mixture  is  titrated  with  standard  sodium  thiosulfate. 
Starch  solution  is  added  just  before  the  end  point. 

Titration  of  Aryl  Diselenides.  Aryl  diselenides  may  be 
titrated  iodometrically  to  the  iodine  monochloride  end  point 
if  the  hydrochloric  acid  concentration  is  kept  at  5.0  to  5.5.  F 
at  the  end  point.  Because  of  a  small  amount  of  side  reaction, 
possibly  oxidation  of  the  diselenide  to  selenonic  acid,  the  re¬ 
sults  are  sometimes  low  by  0.5  to  1.0%.  Although  the  reac¬ 
tions  are  probably  more  complex  than  indicated,  the  stoichiometry 
is  represented  by  the  equations: 

R2Se2  +  6  IC1  =  2  RSeClj  +  3  I„  (1) 

2I2  +  ICty  +  6H+  +  5  Cl-  =  3HcO  +  5  IC1  (2) 

Procedure  for  Aryl  Diselenides.  A  solution  of  iodine 
monochloride  is  prepared  by  titration  of  1  ml.  of  1.5  M  potas¬ 
sium  iodide  in  50  ml.  of  12  M  hydrochloric  acid,  using  5  ml.  of 
carbon  tetrachloride  as  an  indicator.  When  the  carbon  tetra¬ 
chloride  is  just  colorless,  25  ml.  of  12  N  hydrochloric  acid  and  the 
weighed  sample  of  diselenide  are  added.  After  shaking,  the 
mixture  is  titrated  with  standard  potassium  iodate  solution. 

Tables  III  and  IV  show  results  from  volumetric  determination 
of  equivalent  weights  of  a  number  of  different  compounds. 
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Oxide  Films  Formed  on  Alloys  at  Moderate  Temperatures 

Electron  Diffraction  and  Electron  Microscope  Study 

EARL  A.  GULBRANSEN;  R.  T.  PHELPS,  and  j.  W.  HICKMAN,  Westinghouse  Electric  Corp.,  Pittsburgh,  Pa. 


Supplementing  previous  papers,  electron  microscope  and  electron 
diffraction  data  are  presented  concerning  the  structure  of  electro- 
chemically  and  chemically  stripped  films  from  a  series  of  16  alloys 
consisting  principally  of  iron,  cobalt,  nickel,  and  chromium.  Both 
reflection  and  transmission  methods  of  electron  diffraction  were  used. 

THE  nature  of  the  protective  properties  of  metals  and  alloys 
is  a  question  of  great  importance  in  modern  technology. 
Many  theories  have  been  proposed,  some  of  which  are  based  on 
the  role  of  the  oxide  film  in  preventing  further  reaction.  A  com¬ 
plete  knowledge  of  the  chemical  and  physical  structure  of  the  ox¬ 
ide  crystals  in  the  surface  film  may  aid  in  determining  the  neces¬ 
sary  conditions  for  protection,  but  unfortunately,  a  complete 
knowledge  is  impossible  for  very  thin  films  with  the  present  state 
of  instrumentation.  In  previous  papers  (5,  10,  15)  the  use  and 
limitations  of  the  electron  diffraction  and  electron  microscope 
techniques  were  discussed.  This  paper  presents  electron  micro¬ 
scope  and  electron  diffraction  data  concerning  the  structure  of 
electrochemically  and  chemically  stripped  films 
from  a  series  of  16  alloys  consisting  principally  of 
iron,  cobalt,  nickel,  and  chromium. 


films  formed  at  temperatures  of  the  order  of  1000°  C.  existed  in 
the  form  of  three  layers.  In  a  study  of  eight  alloys  the  two 
outer  layers  contained  only  very  small  amounts  of  the  alloy¬ 
ing  elements  compared  with  the  original  steel  except  in  the 
case  of  manganese  steel.  With  a  few  exceptions  nonferrous  ele¬ 
ments  present  in  the  alloy  before  oxidation  were  concentrated 
in  the  innermost  of  the  three  layers  of  scale.  Pfiel  (14)  considers 
the  oxidation  process  as  one  involving  iron  atoms  diffusing  out¬ 
ward  through  the  oxide  film. 

Recently  Kornilov  and  Sidorishin  (11)  investigated  the  oxide 
films  formed  on  iron-chromium-aluminum  solid  solution  alloys 
by  electron  diffraction  and  chemical  analysis  in  the  temperature 
range  400  to  1000°  C.  At  moderate  temperatures  an  isomor- 
phous  mixture  of  oxides  of  the  spinel  type  was  found.  With  in¬ 
creasing  temperature  the  lattice  constant  of  the  solid  solution  of 
the  oxides  decreased  and  approached  that  of  pure  7-alumina.  The 
oxide  film  which  formed  on  the  surface  crumbled  readily  and  had 
no  protective  properties. 


Table  I.  Analysis  and  Preparation  of  Alloy  Specimens 


SURVEY  OF  LITERATURE 

The  literature  on  the  removal  of  oxide  films 
from  iron  and  other  metals  by  chemical  and 
electrochemical  methods  developed  largely  by 
Evans  and  co-workers  (4)  was  reviewed  in  a 
previous  paper  (15). 

The  electrochemical  method  has  been  applied 
to  the  stripping  of  oxide  films  from  alloys  of  iron 
and  chromium  by  Evans  and  Stockdale  (5).  A 
very  thin  film  of  oxide  was  stripped  from  13% 
chromium  steel  by  a  long  anodic  treatment.  The 
film,  which  carried  striae  of  the  original  metal 
surface,  also  contained  opaque  flakes.  These 
workers  also  obtained  from  18-8  stainless  steel  a 
thin  skin  which  contained  large  amounts  of  resid¬ 
ual  metal.  The  film  was  opaque  to  light. 

The  chemical  method  has  been  applied  with 
success  to  the  removal  of  the  surface  film  on 
18-8  stainless  steel  by  Vernon,  Worm  well,  and 
Nurse  (17).  The  metals  present  in  the  film  were 
determined  by  chemical  analyses  and  the  con¬ 
tents  of  the  corresponding  oxides  computed.  The 
thickness  of  the  oxide  film  increased  with  the 
degree  of  polish.  The  effect  of  polishing  was  to 
enrich  the  chromium  in  the  film  as  compared 
with  the  underlying  steel.  The  surface  film  of 
brightly  polished  specimens  contained  90% 
chromic  oxide.  Nickel,  on  the  other  hand,  was 
not  found  to  be  enriched  in  the  surface  film.  The 
authors  have  suggested  that  the  enrichment  of 
chromium  is  associated  with  surface  flow. 

In  the  macroscopic  film  thickness  range  con¬ 
siderable  information  is  available  on  the  enrich¬ 
ment  and  concentration  of  the  several  metals 
making  up  the  oxide  film.  Pfiel  (14)  has 
made  chemical  analyses  on  films  of  the  order 
of  0.25  cm.  (0.1  inch)  or  more  in  thickness.  These 


Alloy  Analysis 

Mild  steel0  0. 18  C,  0.028  S,  0.030  P 


13  CrFe 

13  Cr 

18-8  SS 

18  Cr  8  Ni 

K42B° 

41.7  Ni,  22.5  Co,  20.0  Cr, 
12.0  Fe,  1.89  Ti.  0.21 
Al,  0.57  Mn,  1.21  Si 

Inconel  (3) 

79.5  Ni,  13  Cr,  6.5  Fe. 
0.25  Mn,  0.25  Si,  0.08 
C,  0.20  Cu 

Nichrome  V 

80  Ni,  20  Cr 

30  CoFe0 

30.4  Co,  0.22  C 

Hipernik 

49  Ni,  49  Fe,  2  Mn 

5  CrFe° 

4.63  Cr,  0.044  C 

5  NiFe° 

4.89  Ni,  0.015  C 

5  CoFe 

5  MnFe° 

4.85  Mn,  0.035  C 

5  SiFe 

. 

3  VFe 

Kovar 

54  Fe,  18  Co,  28  Ni 

4  WFea 

4.10  W,  0.028  C 

0  Analyzed  at  research  laboratories. 


Heat  Treatment, 

Hours  at  1000°  C., 

Polishing 

Emery  papers  through 
2/0,  uniwax  wheel,  320 
abrasive,  uniwax  wheel 
600  aloxite,  No.  3 
alumina 

Emery  papers  through 
1/0,  wax  wheel,  320 
abrasive,  chrome  rouge, 
Nos.  1  and  3  alumina 
Emery  papers  through 
2/0,  chrome  rouge,  Nos. 
1  and  3  alumina 
Emery  papers  through 
2/0,  chrome  rouge,  Nos. 
1  and  3  alumina 
Emery  papers  through 
1/0,  320  abrasive  wheel, 
chrome  rouge.  Nos.  1 
and  3  alumina 
Emery  papers  through 
1/0.  320  abrasive  wheel 
chrome  rouge,  Nos.  1 
and  3  alumina 
Emery  papers  through 
3/0,  chrome  rouge,  Nos. 

1  and  3  alumina 
Emery  papers  through 
1/0,  wax  wheel,  320 
abrasive,  chrome  rouge, 
Nos.  1  and  3  alumina 
Emery  papers  through 
1/0,  wax  wheel,  320 
abrasive,  chrome  rouge, 
Nos.  1  and  3  alumina 
Emery  papers  through 
1/0,  wax  wheel,  320 
abrasive,  chrome  rouge, 
Nos.  1  and  3  alumina 
Emery  papers  through 
3/0,  chrome  rouge,  Nos. 

1  and  3  alumina 
Emery  papers  through 
3/0,  chrome  rouge,  Nos. 

1  and  3  alumina 
Emery  papers  through 
3/0,  chrome  rouge,  Nos. 

1  and  3  alumina 
Emery  papers  through 
3/0,  chrome  rouge.  Nos. 

1  and  3  alumina 
Emery  papers  through 
3/0,  chrome  rouge.  Nos. 

1  and  3  alumina 
Emery  papers  through 
3/0,  chrome  rouge,  Nos. 

1  and  3  alumina 


rurnace  Cooled 
15  in  dry  Hj 


10  in  dry  H2 

15  in  Ammogas 
10  in  wet  H2 
15  in  Ammogas 

14  in  Ammogas 

10  in  dry  H2 
10  in  dry  H2 

10  in  dry  Hj 

10  in  dry  H2 

10  in  dry  H2 
10  in  dry  H2 
10  in  dry  Hj 
10  in  dry  Hj 
10  in  dry  Hj 
10  in  dry  Hj 
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APPARATUS  AND  METHOD 

The  details  of  the  apparatus  and  methods  used  in  this  study 
have  been  described  (8,  10). 

The  specimens  of  the  alloys  are  heat-treated  and  given  a  metal- 
iographic  polish  according  to  the  procedures  tabulated  in  Table  I. 
The  samples  are  then  mounted  in  the  electron  diffraction  camera 
furnace  and  oxidized  under  carefully  controlled  conditions  of 
i  time,  temperature,  and  oxygen  pressure.  The  surface  lattice 
structure  is  studied  in  situ  by  the  electron  diffraction  reflection 
method.  Three  photographs  are  taken:  (1)  the  sample  in  vac¬ 
uum  and  at  the  temperature  of  the  experiment;  (2)  after  the  oxi¬ 
dation  and  while  the  specimen  is  at  the  elevated  temperature; 
(3)  after  the  specimen  is  cooled  under  vacuum  conditions  to 
i  room  temperature. 

The  sample  is  now  removed  and  cut  into  two  pieces.  Light 
micrographs  are  made  of  the  surface  of  one  half  of  the  specimen 
by  reflected  light  at  100  and  1000  X.  The  other  half  is  subjected 
to  the  electrolytic  or  chemical  stripping  techniques  (15).  After 
the  film  is  loosened,  it  is  washed  and  then  manipulated  carefully 
onto  a  small  stainless-steel  specimen  screen.  The  screen  and  speci¬ 
men  are  vacuum-dried  before  being  placed  in  the  microscope  for 
study.  Several  electron  micrographs  are  taken  at  6800  X  of  typi¬ 
cal  portions  of  the  stripped  oxide  film.  The  film  is  also  studied 
by  the  electron  diffraction  transmission  method,  using  the  elec¬ 
tron  diffraction  adapter  of  the  electron  microscope. 

CHOICE  AND  PREPARATION  OF  SPECIMENS 

The  alloys  in  this  study  may  be  divided  into  four  general 
classes,  although  a  given  alloy  may  belong  to  two  or  more 
classes — for  example,  both  Inconel  and  K42B  are  refractory  alloys 
but  they  also  have  good  protective  qualities.  The  following 
classification  is  used  in  the  discussion  of  results: 

1.  Protective.  13  CrFe,  18-8  stainless  steel 

2.  Refractory.  K42B,  Inconel,  Nichrome  V 

3.  Magnetic.  Hipernik,  30  CoFe 

4.  Sealing.  Kovar 

In  addition  to  commercial  alloys,  certain  experimental  alloys 
were  made  to  determine  whether  the  lattice  type  of  the  alloying 
element  would  have  any  effect  on  the  oxidation  products.  These 
ferrous  alloys  contain  alloying  metals  of  the  body-centered  cubic, 
face-centered  cubic,  and  other  structural  types.  In  each  the  per¬ 
centage  of  the  alloying  metal  does  not  exceed  5%. 

The  specimens  are  machined  from  bars  of  the  alloys  to  cylinders 
of  0.94  cm.  (0.375-inch)  diameter  and  0.94  cm.  (0.375-inch) 
length.  After  cleaning,  they  are  heat-treated  at  elevated  tempera¬ 
tures  in  dissociated  ammonia  or  wet  or  dry  hydrogen.  The  speci¬ 
mens  are  next  given  a  fine  metallographic  polish.  Details  of 
I  the  heat-treatment  and  polishing  procedures  are  given  in  Table 
I.  The  specimens  are  stored  in  a  desiccator  over  anhydrous  cal¬ 
cium  chloride  until  used. 

The  alloy  specimen  is  placed  in  the  electron  diffraction  camera 
furnace  and  heated  to  the  desired  temperature.  Oxygen  to  a  pres¬ 
sure  of  0.1  atmosphere  is  admitted  and  the  specimen  is  oxidized 
for  a  predetermined  time.  The  time  and  temperature  conditions 
of  the  oxidation  are  estimated  from  rate  measurements  where 
these  are  available.  For  most  of  the  alloys  no  rate  measurements 
are  available,  so  that  intelligent  guesses  as  to  oxidation  conditions 
are  necessary  in  order  that  the  oxide  film  thickness  shall  lie  within 
the  optimum  range  for  investigation  with  the  electron  microscope. 

INTERPRETATION  OF  DATA 

Electron  Diffraction.  The  electron  diffraction  reflection 
method  has  been  discussed  in  previous  papers  (8,  10,  15)  and  the 
interpretation  of  data  by  the  transmission  technique  has  been  dis¬ 
cussed  in  a  recent  work  on  metals  (15).  The  transmission  method 
yields  information  on  the  structure  of  the  whole  film,  while  the 
reflection  method  may  indicate  only  the  structure  of  the  outer  sur¬ 
face.  This  is  important,  since  the  surface  structure  may  not  be 
the  same  as  the  structure  of  the  body  of  the  film.  The  oxide  layer 
which  forms  initially  may  consist  of  various  oxides  present  on 
the  surface  in  the  same  mole  ratio  as  the  metals  in  the  alloy.  As 
the  oxidation  proceeds  a  stratification  of  layers  of  the  several  ox¬ 
ides  may  occqr,  since  the  factors  influencing  their  formation  may 


Tabic  II.  Lattice  Parameters  of  Metals  and  Metallic  Oxides 


Substance 

a 

b 

c 

a 

Structural  Type 

Fe 

2.86 

Body-centered  cubic 

W 

3.16 

Body-centered  cubic 

Cr 

2.88 

Body-centered  cubic 

V 

3.03 

Body-centered  cubic 

Ni 

3.52 

Face-centered  cubic 

Co 

2.51 

4.07 

Hexagonal  close-packed 

Mn 

8.89 

Cubic 

Si 

5.42 

Cubic  (diamond) 

FeO 

4.28 

Face-centered  cubic 

CoO 

4.25 

”  Face-centered  cubic 

NiO 

4.17 

Face-centered  cubic 

WOi 

4.86 

2.77 

Tetragonal 

CrjOs 

5.35 

54°58' 

Rhombohedral 

«-F8203 

5.42 

55°17' 

Rhombohedral 

W2O3 

Rhombohedral 

WO3 

7.28 

7.48 

3.82 

Monoclinic 

V2O3 

5.43 

53°53' 

Rhombohedral 

V2O5 

11.48 

4.36 

3.55 

Orthorhombic 

SiOj 

4.90 

5.39 

Hexagonal 

MnO 

4.44 

Face-centered  cubic 

MnC>2 

4.44 

2.89 

Tetragonal 

MmCh 

5.75 

9.42 

Tetragonal 

Fes04 

8.40 

Spinel  (cubic) 

C03O4 

8.  11 

Spinel  (cubic) 

T-Fe203 

8.32 

Cubic 

Mn0.Cr203 

8.42 

Spinel  (cubic) 

NiO.CnOi 

8.31 

Spinel  (cubic) 

C0O.O2O3 

8.32 

Spinel  (cubic) 

FeO.Cr2C>3 

8.35 

Spinel  (cubic) 

MnO.Fe2C>3 

8.51 

Spinel  (cubic) 

NiO.Fe20a 

8.34 

Spinel  (cubic) 

CoO.Fe2C>3 

8.39 

Spinel  (cubic) 

be  different.  Thus,  in  a  binary  alloy,  an  oxide  of  one  of  the  met¬ 
als  may  concentrate  in  the  surface  layer  while  an  oxide  of  the 
other  metal  may  concentrate  in  contact  'with  the  metallic  sub¬ 
strate. 

The  interpretation  of  the  information  obtained  by  the  electron 
diffraction  method  is  more  difficult  in  the  case  of  alloys  than  of 
metals.  Because  of  the  similarity  of  the  lattice  parameters  of 
many  of  the  oxides,  there  is  difficulty  in  distinguishing  a-Fe203 
from  Cr203,  Ni0.Fe203  from  Fe304,  etc.  Table  II  shows  the  lat¬ 
tice  parameters  of  the  various  oxides  of  interest  in  this  study. 
Other  complicating  factors  are  the  phenomena  of  various  types 
of  solid  solution  of  the  several  oxides  in  each  other.  For  ex¬ 
ample,  on  an  iron-chrofnium  alloy  where  both  <*-Fe203  and  Cr203 
may  be  present  it  is  difficult  by  the  electron  diffraction  technique 
to  determine  whether  a-Fe203  or  Cr203  is  present  or  a  solid  solu¬ 
tion  of  one  in  the  other.  There  may  also  occur  a  random  replace¬ 
ment  of  ferric  ions  by  chromic  ions  in  the  Fe304  (spinel  type)  lat¬ 
tice.  The  occurrence  of  such  solid  solution  phenomena  may  have 
effects  on  the  lattice  parameters  and  thus  complicate  the  identi¬ 
fication  of  the  oxidation  products. 

An  interesting  comparison  can  be  made  of  the  reflection  and 
transmission  electron  diffraction  patterns.  In  general,  one  should 
expect  to  find  certain  oxidation  products  by  reflection  and  addi¬ 
tional  products  by  transmission.  However,  the  oxides  in  the 
outer  layer  as  determined  by  reflection  may  comprise  such  a  small 
fraction  of  the  complete  oxide  film  that  one  or  more  of  them  may 
not  give  good  diffraction  patterns  in-the  transmission  investiga¬ 
tions. 

Electron  Microscope.  The  two  methods  of  studying  sur¬ 
faces  of  opaque  bodies  by  means  of  the  electron  microscope  have 
been  compared  in  a  recent  work  on  metals  (15).  Since  we  are  in¬ 
terested  primarily  in  the  details  of  crystals  making  up  the  body 
of  the  oxide  film,  the  stripped  film  technique  is  used  exclusively  in 
this  study. 

Information  Recorded.  Electron  micrographs  of  the 
stripped  oxide  film  are  taken  at  6800  X  and  enlarged  optically  to 
34,000  X.  The  following  information  is  recorded  from  the  elec¬ 
tron  micrographs  of  the  stripped  film:  (1)  particle  size,  (2)  par¬ 
ticle  size  distribution,  (3)  particle  shape,  (4)  uniformity  in  film 
thickness,  and  (5)  type  of  micrograph.  The  particle  size  is  ob¬ 
tained  by  averaging  measurements  on  a  number  of  crystals, 
while  the  particle  size  distribution  indicates  the  variation  in  par¬ 
ticle  size.  The  particle  shape  is  determined  from  an  examination 


642 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  18,  No.  10 


Tabic  III.  Electron  Diffraction  Data 


Alloy 

Temp. 

Time 

of 

Oxidation 

°c. 

M  in . 

Protective 

13  CrFe 

600 

5 

18-8  SS 

600 

5 

18-8  SS 

600 

40 

Refractory 

K42B 

600 

5 

K42B 

600 

30 

Inconel 

600 

5 

Inconel 

600 

30 

Nichrome  V 

600 

5 

Nichrome  V 

600 

30 

Magnetic 

Mild  steel 

250 

5 

Mild  steel 

250 

30 

Mild  steel 

300 

5 

30  CoFe 

300 

30 

Hipernik 

300 

5 

Sealing 

Kovar 

400 

5 

Miscellaneous 

5  CrFe 

400 

5 

5  NiFe 

300 

5 

5  CoFe 

300 

5 

5  MnFe 

300 

10 

5  SiFe 

300 

5 

3  VFe 

300 

5 

4  WFe 

300 

5 

R,  reflection. 

T,  transmission.  1 

Preoxidation  by  R 


None 

a-FeaCh.  D 

Fe304,  8.45,  a-FesOs*,  D 


a-Fe203,  D 
a-Fe-203,  D 
FesOi,  VD 
Fe304,  VD 
Cr203,  VD 
CrsOs,  VD 


Diffraction  Patterns 


None 

None 

Fe304,  8.43, 
Fe304,  VD 
Fe3Q4,  MO 


a-FezOs,  DO 


Fe304,  8.43,  M 


Fe304,  DO 
None 

Fe304,  8.43,  M 
a-Festh,  VD 
None 

Fes04,  8.42,  D 
Fe304,  VDO 


Oxidized  by  R 


Cr203*  MO 

FesOi*  8.44,  a-Fe203,  S 
FesOi*  8.45,  a-Fe203*,  S 


Fe304,  8.43,  S 
FesOi,  8.44,  a-Fe203,  S 
Fes04,  8.43,  S 
FesOi,  8.43,  S 
Cr203,  S 
Cr203,  S 


Fe304,  8.43,  DO 
Fe304,  8.42,  M 
Fe304,  8.43,  a-Fe203,  MO 
Fe304,  8.43,  M 
FesOi,  8.42,  a-FesOs,  S 


Fe304,  8.43,  SO 


Fe304,  8.43,  Cr203,  *S 
FesOi,  8.43,  a-Fe2Os,  M 
Fe304,  8.43,  M 
Fe304,  8.43,  S 
FesOi,  8.43,  D  O 
Fe304,  8.42,  D 
a-FesOa,  S 


Oxidized  at  25°  C.  by  R 


Cr203,  M  0 

FesOi*,  8.44,  a-Fe203,  S 
FesOi,  8.45,  <z-Fe203,  S 


F2304,  8.43,  S 
Fe304,  8.44,  a-Fe^03,  S 
FesOi,  8.43,  S 
FesOi,  8.43,  S 
Cr203,  S 
Cr203,  S 


FesOi,  8.43,  DO 

Fes04,  8.42,  M 

FesOi,  8.43,  a-FesOs,  MO 

FesOi,  8.43,  M 

FesOi,  8.42,  a-FesOs,  S 


FesOi,  8.43,  SO 


FesOi,  8.43,  S 
Fe304,  8.43,  a-Fe203,  M 
FesOi,  8.43,  S 
Fe304,  8.43,  S 
Fe304,  8.43,  DO 
FesOi,  8.42,  M 
a-Fe2Os,  S 


Stripped  by  T 


CrsOs,  Fe.Oi*,  8.41,  S 
Cr2Os,  S 
Cr203,  S 


Cr203,  FesOi,  8.36,  S 
Cr203,  Fe304*,  S 
Spinel,  8.32,  Cr2Oa,  Ni,  OD 
Cr203,  NiO,  VDO 
Cr203,  S 
Cr2Oj,  M 


FesOi,  8.36,  M 
Fe304,  8.39,  VS 
Fe3Oi,  8.41,  SO 
Fe304.  8.36,  M 

Spinel,  8.34,  a-FesOs,  NiO,  SO 
Fe304,  8.35,  S 


Fe304,  or  Fe0.Cr203,  8.34,  DO 

Fe304,  8.34,  M 

Fe304,  8.35,  SO 

Fe304,  8.32,  S 

a-FesOs,  M 

Fe304,  8.33,  DO 

a-Fe-203,  M 


S,  sharp.  M,  medium.  D,  diffuse.  0,  oriented.  V,  very.  *,  trace. 


of  the  more  typical  shapes  in  the  pattern.  Uniformity  in  film 
thickness  refers  to  the  presence  of  thick  and  thin  portions  of  the 
film.  The  type  of  pattern  refers  to  a  number  of  features,  includ¬ 
ing:  (1)  the  sharpness  of  the  crystal  edges,  (2)  the  presence  of 
overlapping  crystals,  and  (3)  the  presence  of  extraneous  mate- 


Tablc  IV.  Lattice  Parameter  Deviations  of  Oxides 


Alloy 

Protective 
13  CrFe 

18-8  SS 


18-8  SS 


Refractory 

K42B 

K42B 


Inconel 


Inconel 


Nichrome  V 

Magnetic 
Mild  steel 
Mild  steel 
Mild  steel 

30  CoFe 
Hipernik 


Sealing 
K  ovar 

Miscellaneous 
5  CrFe 
5  NiFe 

5  CoFe 
5  MnFe 
5  SiFe 
5  SiFe 

3  VFe 

4  WFe 


Temp. 
°  C. 

600 

600 

600 

600 

600 

600 

600 

600 

600 

600 

600 

600 

600 

600 

600 

600 

600 

600 

600 

600 

600 

250 

250 

300 

300 

300 

300 

300 

300 

400 


400 

300 

300 

300 

300 

300 

300 

300 

300 


Time  of 


Reflection  Patterns 
Composition 
and 


Oxidation 

Min. 

parameter 

Deviation 

% 

parameter 

5 

Cr203 

+0.30 

Cr203 

5 

a-Fe’63 

Fe304,  8.41 

5 

+6. 52 

5 

Fe304.  8. 44 

+0.48 

5 

CrsOs 

40 

a-Fe203 

+  6.30 

40 

FesCh,  8 . 45 

+0.60 

40 

Cr203 

5 

FesOi,  8.43 

+0.36 

Fe304,  8. 36 

5 

Cr203 

30 

Fe36«,'8.44 

+  6.48 

30 

a-Fe203 

+0.32 

30 

FesOi,  8.43 

CT2O3 

5 

+6.36 

Spinel.  8.32 

5 

Cr2C>3 

5 

NiO 

30 

FesOi,  8.43 

+0.36 

30 

Cr203 

30 

NiO 

5 

C^O.i 

+6.25 

30 

Cr203 

+0.30 

Cr2Os 

5 

FesOi,  8.43 
FesOi,  8.42 

+0.36 

Fe304,  8.36 

30 

+  0.24 

Fe304,  8.39 

5 

FesOi,  8.43 

+  0.36 

Fe304,  8.41 

5 

a-Fe20.3 

+  0.25 

30 

FesOi.  8.43 

+  0.36 

Fe304,  8.36 

5 

Fe304,  8.42 

+0.24 

Spinel,  8.34 

5 

a-Fe203 

+0.10 

a-FesOa 

5 

NiO 

5 

FesOi,  8.43 

+0.36 

Fe304,  8.35 

5 

FesOi,  8  43 

+0.36 

FesOi,  8.34 

5 

FesOi,  8 . 43 

+  0.36 

FesOi,  8.34 

5 

a-Fe20.3 

+  0.25 

5 

Fe304,  8.43 

+  0.36 

Fea04,  8. 35 

10 

Fe304,  8.43 

+0.36 

Spinel,  8.32 

5 

Fe304,  8.43 

+0.36 

5 

a-Fe203 

5 

Fe304,  8.42 

+6.24 

Spinel,  8.33 

5 

a-Fe203 

+  0. 16 

a-Fe203 

Transmission  Patterns 
Composition 


Deviation 

% 


rial.  These  features  are  of  importance  in  classifying  a  micro¬ 
graph  but  may  not  be  easily  interpreted. 

Light  Microscope.  Light  micrographs  of  the  oxidized  surface 
are  taken  at  100  X  and  1000  X  by  the  use  of  reflected  light.  The 
oxidation  process  acts  like  a  chemical  etching  solution  in  revealing 
the  grain  boundaries  of  the  grains  in  the  metal  or 
—  alloy  surface.  The  light  micrographs  also  reveal 
the  presence  of  inclusions  and  the  roughness  of 
the  surface  layer. 

Spectroscopic  Analysis.  Whenever  possible, 
sections  of  the  stripped  films  were  analyzed  spec¬ 
troscopically.  In  some  cases  these  analyses 
showed  the  presence  of  metals  not  found  in  the 
alloys  but  present  in  the  oxides  used  in  the  polish¬ 
ing  procedures. 


+0.04 

+  0.12 


-0.02 


00.0 

-0.48 

+0.07 


+  0.07 

-o.'ii 

Diffuse 

Too  diffuse 
Too  diffuse 
-0.04 
+0.04 

-0.48 
-0. 12 
+  0.12 

—  6.48 
-0.72 
-0.03 
0.00 

-0.60 


-0.72 

-0.72 

-6.' 60 
-0.96 

'o'oo 

-0.84 

+0.08 


RESULTS 

Electron  Diffraction.  The  results  of  the 
electron  diffraction  study  are  shown  in  Table  III. 
Three  reflection  and  one  transmission  patterns 
are  taken  of  the  oxide  film  formed  on  the  surface 
of  the  alloy.  The  first  reflection  pattern  of  the 
metal  is  taken  in  the  vacuum  of  the  camera  be¬ 
fore  oxidation  and  at  the  temperature  of  the  ex¬ 
periment.  The  second  is  taken  after  the  oxida¬ 
tion  and  at  the  temperature  of  the  experiment. 
The  third  is  taken  after  cooling  the  oxidized 
sample  to  25°  C.  in  a  vacuum.  The  transmission 
pattern  of  the  stripped  oxide  film  is  also  in¬ 
cluded  in  order  to  compare  the  body  structure  of 
the  film  with  its  surface  structure.  Table  III 
shows  the  conditions  of  oxidation,  the  chemical 
structure  of  the  surface  oxide,  the  unit  cell  size 
(Ao)  where  readily  calculable,  and  the  type  of 
diffraction  pattern  obtained. 

Let  us  consider  the  oxide  film  formed  on  mild 
steel  at  250  °  C.  and  0.1  atmosphere  of  oxygen  with 
an  oxidation  time  of  5  minutes.  A  diffuse  and 
oriented  pattern  of  Fe3Oi  is  found  by  reflection. 
The  unit  cell  size  is  calculated  to  be  8.43  A.  After 
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Tabic  V. 


Oxidizing 

Conditions 

Alloy 

Temp.  Time 

0  C.  Min. 

Transmission 

Reflection 

'rotective 

13  CrFe 

600 

5 

Fe304*,  8.41,  Cr20, 

Cr203 

18-8  SS 

600 

5 

Cr203 

Fe3(>4*,  8.44, 
a-Fe203 

18-8  SS 

600 

40 

Cr203 

Fe304,  8.45, 

refractory 

K42B 

600 

5 

Fe304,  8.36,  Cr203 

Fe304,  8.43 

K42B 

600 

30 

FeaCb*,  Cr2C>3 

Fe304,  8.44, 

Inconel 

600 

5 

Spinel,  8.32,  Cr2Os, 
NiO 

Cr203,  NiO 

Fe304,  8.43 

Inconel 

600 

30 

cc 

oc 

o 

V 

fe 

Nichrome  V 

600 

5 

Cr2Os 

Nichrome  V 

600 

30 

Cr203 

Cr203 

lagnetic 

Mild  steel 

250 

5 

FesO-i,  8. 36 

Fe304,  8.43 

Mild  steel 

250 

30 

Fe304,  8.39 

Fe304,  8.42 

Mild  steel 

300 

5 

Fe304,  8.41 

Fe304,  8.43, 

Hipernik 

400 

5 

Spinel,  8.34,  a- 
Fe203,  NiO 

a-FeaCb 
Fe304,  8.42, 

30  CoFe 

300 

30 

Spinel,  8.36 

Fe304,  8.43 

saling 

Kovar 

400 

5 

Fe304,  8.35 

Fe304,  8.43 

[iscellaneous 

5  CrFe 

400 

5 

Spinel,  8.34 

Fe304,  8.43 

5  NiFe 

300 

5 

Spinel,  8.34 

Fe304,  8.43 

5  CoFe 

300 

5 

Spinel,  8.35 

Fe304,  8. 43 

5  MnFe 

300 

10 

Spinel,  8.32 

Fe304,  8.43 

5  SiFe 

300 

5 

«-Fe203 

Fe304,  8.43 

3  Vie 

300 

5 

Spinel,  8.33 

Fe304,  8.42 

4  Wle 

300 

5 

a-Fe203 

a-Fe203 

*  Trace. 

- - - - - - 

Composition  and  Parameter 


X-ray  data  (literature) 


Fe304,  8.40 
Fe304,  8.40 


Fe304,  8.40 


FesO-t, 

Fe3Oi, 


8.40 

8.40 


joling  the  sample  to  room  temperature,  the  oxide  film  is  stripped 
om  the  metal.  A  medium  pattern  of  Fe304  is  found  using  the 
•ansmission  methodoon  the  stripped  film.  The  unit  cell  size  is 
dculated  to  be  8.36  A.  Figure  10,  b  and  c,  shows  the  electron  dif¬ 
action  photographs  for  this  oxidation  experiment.  In  a  similar 
janner  the  results  of  the  other  experiments  on  mild  steel  and  the 
fteen  other  alloys  are  shown  in  Table  III  and  Figures  1  to  11. 

In  general  the  lattice  parameters  obtained  in  this  study  deviate 
om  the  accepted  x-ray  diffraction  values.  The  lattice  parameter 


deviations  of  the  oxides  formed 
in  each  oxidation  experiment  are 
shown  in  Table  IV.  This  table 
shows  the  conditions  of  oxida¬ 
tion,  the  composition,  and  unit 
cell  size  where  readily  calculable 
and  the  deviation  in  per  cent 
from  the  accepted  x-ray  values 
given  in  Table  II.  Both  the  re¬ 
flection  and  transmission 
patterns  are  tabulated.  The  de¬ 
viations  are  calculated  from  the 
unit  cell  size  as  given  in  Table 
III  or  from  the  d/N  values  for 
those  oxides  which  do  not  obey 
the  cubic  lattice. 

A  summary  of  the  electron 
diffraction  and  spectrographic 
data  obtained  on  the  16  alloys  is 
shown  in  Table  V.  Both  the 
transmission  and  reflection  data 
are  given,  together  with  the 
x-ray  data  obtained  from  the 
literature. 

Electron  Microscope.  Fig¬ 
ures  1  to  11  show  the  light  micro¬ 
graphs,  electron  micrographs, 
electron  diffraction  transmission, 
and  electron  diffraction  reflection 

_ _  patterns  for  the  stripped  oxide 

films  from  the  alloy  specimens. 
The  lengths  of  1,  10,  or  100  mi¬ 
crons  are  shown  on  the  photographs.  The  fight  micrographs  of 
the  unstripped  oxide  film  are  taken  at  100  and  1000  X ,  while  the 
electron  micrographs  of  the  stripped  oxide  film  are  taken  at  6800  X 
and  enlarged  optically  to  34, 000  X.  These  micrographs  are  re¬ 
duced  subsequently  in  the  printing  process.  The  actual  magni¬ 
fications  can  be  readily  calculated  from  the  fact  that  each  centi¬ 
meter  of  the  length  of  the  micron  fine  shown  in  the  micrograph 
equals  10, 000  X. 


Fe304,  8.40,  Ni0.Cr203 
8  31 

Fe304,  84.0 


Fe304,  8.40 

Fe304,  8.40 

Fe304,  8.40 

Fe304,  8.40,  NiO.FeaOs, 
8.34 

Fe304,  8.40,  CoO.FejOj, 
8.39 

Fe304,  8.40 

FesOi,  8.40,  Fe0.Cr203, 
8  35 

Fe304,  8.40,  Ni0.Fe203, 
8.34 

Fe304,  8.40,  CoO.Fe203, 
8.39 

Fe304,  8.40,  MnO.Fe-Oa, 
8.51 

Fe304,  8.40 

Fe304,  8.40 


Spectrographic 

data 


Cr,  Fe,  Ag* 


Cr,  Fe*  (Mg) 


Cr,  Ni,  Fe 
(Al,  Si,  Co) 

Cr,  Fe*  (No  Ni) 
Cr,  Fe*  (No  Ni) 


Mn,  Ni,  Fe* 
Fe,  Co,  (Cr*) 


Cr,  Fe* 


Fe,  Cu,  (Al*), 
No,  Co 

Fe,  Mn,  (Cr,  Al*) 


' 


Oxidizing 
Conditions 
0.1  Atmosphere 


Alloy 

of  02 

Min. 

°C. 

rotective 

13  CrFe 

5 

600 

18-8  SS 

5 

600 

40 

600 

efractory 

K42B 

5 

600 

30 

600 

Inconel 

5 

600 

Inconel 

30 

600 

Nichrome  V 

5 

600 

30 

600 

lagnetic 

Mild  steel 

5 

250 

30 

250 

5 

300 

30  CoFe 

30 

300 

Hipernik 

5 

400 

Kovar 

5 

400 

liscellaneous 

5  CrFe 

5 

400 

5  NiFe 

5 

300 

5  CoFe 

5 

300 

5  MnFe 

10 

300 

5  SiFe 

5 

300 

3  VFe 

5 

300 

4  WFe 

5 

300 

Table  VI.  Electron  Microscope  Analyses  of  Stripped  Oxide  Films  of  Alloys 


Film  Color 
on  Metal 


Blue 

Blue  and  brown 
Yellow  and  blue 

Yellow  and  mauve 
Reddish  blue 
Light  blue 

Red 

Light  blue 
Yellow 

Dark  blue 
Dark  blue 

Light  blue,  hiatus 
Light  mauve 

Blue 

Pink  and  light  blue 


Light  blue 

Yellow  and  mauve 
Pink  and  blue 

Light  blue,  hiatus 
Reddish-blue 
Mauve  and  blue 

Mauve 


Fi  g- 

Particle 

Size 

ure 

Size, 

A. 

Distribution, 

A. 

1 

450 

200  to  700 

2 

300 

100  to  600 

3 

700 

300  to  1500 

4 

350 

200  to  750 

450 

300  to  800 

5 

400 

300  to  800 

450 

300  to  900 

‘6 

250 

100  to  450 

•• 

350 

200  to  550 

7 

700 

300  to  1600 

•• 

800 

400  to  1200 

750 

250  to  900 

8 

700 

300  to  1200 

• . 

300 

200  to  500 

400 

250  to  750 

9 

250 

100  to  400 

600 

250  to  1000 

400 

250  to  750 

10 

350 

250  to  600 

11 

500 

250  to  750 

•• 

250 

200  to  300 

, , 

300 

200  to  400 

Shape 

Uniformity 

Irregular 

Nonuniform 

Irregular 

Uniform 

Irregular 

Nonuniform 

Irregular 

Nonuniform 

Irregular 

Nonuniform 

Irregular 

Nonuniform 

Irregular 

Nonuniform 

Irregular 

Fairly  uniform 

Irregular 

Fairly  uniform 

Irregular 

Nonuniform 

Irregular 

Nonuniform 

Irregular 

Nonuniform 

Irregular, 

Nonuniform 

angular 

Irregular 

Uniform,  thicker  at 

Irregular 

grain  boundaries 
Nonuniform 

Irregular 

Nonuniform 

Irregular 

Nonuniform 

Irregular 

Nonuniform 

Irregular 

Uniform 

Irregular 

Uniform 

Irregular 

Uniform 

Irregular, 

Fairly  uniform 

indistinct 

Type  of  Micrograph 


Medium,  overlapping  crystals 
Medium 

Sharp,  overlapping  crystals 

Medium,  clusters  of  crystals 
Sharp,  clusters  of  crystals 
Medium,  overlapping  crystals, 
grain  boundaries  show 
Medium,  overlapping  crystals 
Medium,  overlapping  crystals 
Medium,  overlapping  crystals 

Medium  overlapping  crystals 
Medium,  overlapping  crystals, 
striations 

Medium,  overlapping  crystals 
Sharp,  overlapping  crystals 

Medium,  overlapping  crystals, 
grain  boundaries  show 
Medium,  clusters  of  small  crys¬ 
tals 

Medium,  chains  of  clusters  of 
crystals 

Medium,  overlapping  crystals 
Diffuse,  overlapping  crystals, 
clusters  of  crystals 
Sharp,  overlapping  crystals 
Sharp,  overlapping  crystals 
Medium,  large  clusters  of  crys¬ 
tals  on  fine  grained  matrix 
Diffuse,  network  of  thin  strips 
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Figure  1.  Oxide  Film  of  13%  Chrome* 
Iron,  1 3  Cr  5-600 

o.  Electron  micrographs,  stripped  film  "  "  1 

b.  Electron  diffraction  transmission,  stripped  film 

c.  Electron  diffraction  reflection,  film  on  metal 

d.  e.  Light  micrographs,  film  on  metal 


■> 


Table  VI  summarizes  the  informa¬ 
tion  recorded  from  the  electron  micro¬ 
scope:  (1)  color  of  the  oxide  film  on  the 
metal,  (2)  particle  size  in  Angstroms, 
(3)  particle  size  distribution,  (4)  par¬ 
ticle  shape,  (5)  film  uniformity,  and  (6) 
type  of  micrograph. 

DISCUSSION 

The  factors  which  determine  the 
chemical  and  physical  structure  of  the 
oxide  film  on  the  surface  of  an  alloy 
have  been  discussed  in  a  previous 
paper  (10): 

1.  Rates  of  formation  and  diffusion 
of  the  various  metal  ions  and  electrons 
through  the  oxide  lattice 

2.  The  rate  of  diffusion  of  the 
oxygen  molecule,  ion  or  atom  through 
the  oxide  lattice 

3.  Thermodynamic  stabilities  of  the 
oxides  formed 

4.  Lattice  type  and  its  resemblance 
to  the  original  metal  or  alloy  lattice 

5.  Chemical  reactions  occurring  in 
the  oxide  film  between  the  several 
oxides  or  between  metal  ions  or  oxygen 
atoms  and  the  several  oxides 

6.  Preoxidation  treatment  given  to 
the  alloy,  such  as  annealing,  polishing, 
and  cleaning 

7.  Rate  of  nucleation  and  growth  of 
the  oxide  crystal 

Factors  3  and  4  are  known  from 
thermodynamic  and  lattice  structure 
data,  while  factor  5  can  be  estimated 
from  thermodynamic  data.  Factors  1, 
2,  and  7  are  unknown  from  both  theory 
and  experiment.  Some  evidence  is 
available  experimentally  on  factor  6. 
In  a  previous  paper  (8)  the  authors 
studied  the  effect  of  abrasion  treat¬ 
ment  on  the  surface  oxide  films  formed 
on  iron  at  high  temperatures.  Vernon, 
Wormwell,  and  Nurse  (17)  have  studied 
the  effect  of  polishing  procedures  on 
the  oxide  films  formed  on  18-8  stainless 
steel. 

An  analysis  of  the  factors  listed 
above  would  show  that  on  alloys  one 
might  expect  to  obtain,  after  oxidation, 
reaction  products  which  concentrate 
one  or  more  of  the  oxides  at  the  ex¬ 
pense  of  the  other  components  in  the 
alloy.  This  has  been  shown  in  a 
previous  paper  (10).  Thus  NiO  is 
never  observed  on  the  surface  in  the 
oxidation  of  its  alloys  containing  up 
to  80%  nickel.  Cr203  and  Fe304  or 
7-Fe203,  however,  are  observed  on 
alloys  where  chromium  and  iron  may 
be  present  in  amounts  less  than  5%. 


1 - 1  i - 1 

IOjU  IOO/J, 

Figure  2.  Oxide  Film  of  18-8  Stainless  Steel,  SS5-600 


a.  Electron  micrographs,  stripped  film 

b.  Electron  diffraction  transmission,  stripped  film 

c.  Electron  diffraction  reflection,  film  on  metal 

d.  e.  Light  micrographs,  film  on  metal 


^ojX  ioo 4 

Figure  4.  Oxide  Film  of  K42B,  K5-600 

a.  Electron  micrograph,  stripped  film 

b.  Electron  diffraction  transmission,  stripped  film 

c.  Electron  diffraction  reflection,  film  on  metal 

d.  e.  Light  micrographs,  film  on  metal 
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Figure  3.  Oxide  Film  of  18-8  Stainless 
Steel,  SS40-60Q 

a.  Electron  micrographs,  stripped  film 

b.  Electron  diffraction  transmission,  stripped  film 

c.  Electron  diffraction  reflection,  film  on  metal 

d.  e.  Light  micrographs,  film  on  metal 

■< - - - - 


The  use  of  the  stripping  technique 
to  remove  the  oxide  film  and  a  study 
of  the  stripped  oxide  film  by  the  trans¬ 
mission  method  should  show  further 
evidence,  when  compared  with  reflec¬ 
tion  measurements,  of  the  concentra¬ 
tion  of  the  several  components  in  the 
oxide  film. 

A  previous  electron  microscope  study 
(15)  of  the  stripped  oxide  films  formed 
on  iron,  cobalt,  nickel,  tungsten,  chro¬ 
mium,  molybdenum,  columbium,  alu¬ 
minum,  and  copper  has  shown  that  the 
films  consist  of  small  oxide  crystals  of 
100  to  2500  A.  in  size.  The  films  con¬ 
sist  largely  of  crystals  of  irregular 
shapes,  although  a  few  films  show  defi¬ 
nite  crystal  outlines.  The  oxide  crys¬ 
tals  are  of  the  order  of  10  ~3  to  10  ~5  of 
the  linear  dimension  of  the  metal  crys¬ 
tal  or  grain  and  10  “6  to  10  ~10  of  the 
area. 

A  systematic  study  of  stripped  oxide 
films  on  metals  is  difficult  using  elec¬ 
tron  microscope  techniques.  This  is 
due  to  several  factors:  (1)  The  limita¬ 
tion  imposed  on  the  sample  by  the 
electron  microscope — i.e.,  the  thickness 
range  of  the  specimen  is  limited  to 
samples  of  about  100  to  500  A.  (2) 
The  limitation  in  the  resolving  power  of 
the  electron  microscope;  with  a  re¬ 
solving  power  of  40  A.  it  is  difficult  to 
determine  the  shapes  and  the  nature  of 
the  boundaries  of  crystals  100  to  200  A. 
in  size.  (3)  The  scattering  and  dif¬ 
fraction  of  the  electrons  by  the  sample. 
If  diffraction  effects  occur  at  grain 
boundaries,  the  nature  of  the  boundary 
zone  may  not  be  determined. 

The  study  on  alloys  is  further  com¬ 
plicated  in  some  cases  by  the  presence 
of  several  oxides  in  the  film.  An  ex¬ 
amination  of  Table  V  shows  that  mix¬ 
tures  of  oxides  occur  on  13  CrFe,  K42B, 
Inconel,  and  Hipernik. 

In  the  previous  study  (15)  it  was 
proposed  that  nucleation  and  growth 
of  crystals  had  resulted  in  the  forma¬ 
tion  of  a  mosaic  structure  completely 
covering  the  surface.  This  was  noticed 
even  for  films  less  than  75  A.  thick.  It 
would  appear  that  at  no  time  is  the  metal 
or  alloy  surface  exposed  to  the  gas  atmos¬ 
phere  after  the  formation  of  the  first 
chemi-adsorbed  layer  of  oxygen  atoms. 
The  transformation  from  the  first 
chemi-adsorbed  layer  of  oxygen  atoms 
to  the  continuous  layer  of  small  crystals 
is  a  continuous  process  of  nucleation 
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Figure  5.  Oxide  Film  of  Inconel,  5-600 

a.  d.  Electron  micrographs,  stripped  film 

b.  Electron  diffraction  transmission,  stripped  film 

c.  Electron  diffraction  reflection,  film  on  metal 
e.  Light  micrographs,  film  on  metal 
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and  growth.  This  continuous  layer  of 
small  crystals  is  shown  for  the  oxide 
film  formed  on  silicon  iron  in  Figure  11. 

It  is  of  interest  to  contrast  this 
type  of  thin  film  with  that  formed  by 
the  evaporation  of  metals.  Here  the 
metal  condenses  into  a  discontinuous 
group  of  crystals.  No  evidence  of  a 
mosaic  structure  is  noticed. 

The  continuous  film  of  oxide  crys¬ 
tals  covering  the  surface  of  the  metal 
or  alloy  may  be  the  mechanism  by 
which  the  property  of  protection  is 
given  to  the  metal  or  alloy.  Since  the 
chemi-adsorbed  layer  transforms 
readily  to  a  continuous  layer  of  crys¬ 
tals,  a  mechanical  break  in  the  film  is 
readily  repaired. 

Protective  Alloys.  13  CrFe  and 
18-8  stainless  steel  are  classified  as 
protective  alloys,  since  they  react  only 
very  slightly  to  oxygen  atmospheres 
at  moderate  temperatures.  Here  a 
more  quantitative  concept  is  used  in 
defining  the  term  protective — i.e.,  a 
metal  or  alloy  which  obeys  a  parabolic 
oxidation  rate  law  at  a  given  tempera¬ 
ture  and  pressure  is  considered  to  be 
protective.  All  the  16  alloys  con¬ 
sidered  here  are  studied  under  condi¬ 
tions  where  the  alloy  follows  the  para¬ 
bolic  rate  law. 

13  CrFe.  This  alloy  consists  of  a 
solid  solution  of  chromium  in  the  body- 
centered  cubic  lattice  of  a-iron.  The 
oxide  film  formed  at  600°  C.  in  0.1 
atmosphere  of  oxygen  for  5  minutes 
gives  a  pattern  of  Cr203  and  in  addition 
a  trace  of  FeAh  using  the  transmission 
technique.  Speetrographic  analysis 
indicates  the  presence  of  chromium 
and  iron  as  shown  in  Table  V. 

The  electron  microscope  study  of  the 
stripped  oxide  film  shown  in  Figure  1 
and  Table  VI  indicates  a  nonuniform 
film  of  irregularly  shaped  particles 
with  o  a  size  distribution  of  200  to 
700  A.  while  the  average  crystal  size 
is  about  450  A. 

Mott’s  theory  of  oxidation  (13)  would 
predict  the  occurrence  of  oxides  of  iron 
on  the  surface  and  Cr,03  in  contact 
with  the  substrate. 

18-8  Stainless  Steel.  This  alloy  con¬ 
sists  of  a  solid  solution  of  chromium 
and  nickel  in  the  face-centered  cubic 
lattice  of  7-iron.  Two  oxidation  ex¬ 
periments  are  made  at  600°  C.,  the 
first  for  5  minutes  and  the  second  for 
40  'minutes.  A  mixture  of  Fe,04  and 
a-Fe203  is  found  by  the  reflection  study, 
while  Cr203  is  the  only  oxide  found  in 
the  stripped  film  using  the  transmis¬ 
sion  technique.  No  speetrographic 
analyses  were  made.  The  evidence 
indicates  that  oxides  of  iron  are  con- 
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Figure  6.  Oxide  Film  of  Nichrome  V,  NC5-600 

a.  Electron  micrographs,  stripped  film 

b.  Electron  diffraction  transmission,  stripped  film 

c.  Electron  diffraction  reflection,  film  on  metal 

d.  e.  Light  micrographs,  film  on  metal 
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Figure  7.  Oxide  Film  of  Mild  Steel, 
MS5-250 

a.  Electron  micrographs,  stripped  film 

b.  Electron  diffraction  transmission,  stripped  film 

c.  Electron  diffraction  reflection,  film  on  metal 

d.  e.  Light  micrographs,  film  on  metal 
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centrated  in  the  outer  part  of  the  film, 
while  Cr203  is  the  main  component  of 
the  film.  These  results,  when  com¬ 
pared  with  those  obtained  on  13  CrFe  as 
shown  in  Table  VI,  indicate  that  the 
presence  of  nickel  in  the  lattice  has  had 
an  effect  on  the  relative  rates  with  which 
chromium  and  iron  get  to  the  surface. 


i - 1  1 - 1 

10 R  100  /X 

Figure  8.  Oxide  Film  of  30%  Cobalt-Iron,  30  Co  30-300 


o.  Electron  micrographs,  stripped  film 

b.  Electron  diffraction  transmission,  stripped  film 

c.  Electron  diffraction  reflection,  film  on  metal 

d.  e.  Light  micrographs,  film  on  metal 


The  electron  microscope  data  shown 
in  Table  VI  and  Figures  2  and  3  indicate 
that  small,  irregular  crystals  of  100  to 
600  A.  are  formed  for  the  5-minute 
oxidation  while  somewhat  larger,  irregu¬ 
lar  crystals  of  300  to  1500  A.  are  formed 
in  the  40-minute  oxidation.  The  aver¬ 
age  size  increases  with  time  of  oxida- 

o 

tion  from  300  to  700  A.  as  shown  by  the 
two  experiments.  The  5-minute  oxida¬ 
tion  shows  a  uniform  film  while  the  40- 
minute  oxidation  shows  a  nonuniform 
film. 

Refractory  Alloys.  These  alloys 
are  not  only  protective  but  exhibit  great 
strength  at  high  temperatures.  They 
are  usually  complex  chemically  and  in 
many  cases  are  not  structurally  homo¬ 
geneous. 

Kj£B.  K42B  is  a  complex  alloy  and 
consists  largely  of  a  solid  solution  of  the 
several  metals  in  a  face-centered  cubic 
lattice.  Two  experiments  are  made  with 
K42B  at  600°  C.  The  first  oxidation 
is  for  5  minutes,  while  the  second  is 
for  30  minutes.  The  reflection  electron 
diffraction  data  shown  in  Tables  III  and 
V  indicate  a  spinel  structure  on  the  sur¬ 
face  which  the  authors  have  assigned  the 
formula  Fe304,  because  of  its  lattice 
parameter.  The  30-minute  oxidation 
study  indicates  the  presence  of  a-Fe203 
in  addition  to  F e304  on  the  surface.  This 
is  to  be  expected  from  previous  observa¬ 
tions  on  iron  by  the  authors  ( 8 )  where 
«-Fe203  is  formed  under  conditions  of 
an  unlimited  oxygen  supply  and  long 
oxidation  time.  The  transmission  dif¬ 
fraction  patterns  show  the  presence  of 
Cr203  and  a  spinel,  while  spectrographic 
analysis  shows  both  chromium  and  iron 
with  chromium  making  up  the  bulk  of 
the  film.  It  is  of  interest  that  stratifica¬ 
tion  occurs  even  in  films  100  to  300  A. 
in  thickness.  Since  the  30-minute 
oxidation  shows  only  a  trace  of  Fe3C>4 
by  transmission  while  the  reflection  data 
indicate  that  the  surface  consists  of 
oxides  of  iron,  Cr203  appears  to  be  in 
contact  with  the  substrate.  This  is  in 
agreement  with  results  for  stainless  steel 
and  in  contrast  with  those  for  13  CrFe. 

The  electron  microscope  data  are 
summarized  in  Table  VI  and  shown  in 
Figure  4.  Nonuniform  films  of  irregular 
crystals  are  formed  in  both  experiments. 
Crystals  from  200  to  750  A.  in  size,  with 
an  average  size  of  350  A.,  are  found  for 
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Figure  9.  Oxide  Film  of  5%  Chrome- 
Iron,  5  Cr  5-400 

a.  Electron  micrographs,  stripped  film 

b.  Electron  diffraction  transmission,  stripped  film 

c.  Electron  diffraction  reflection,  film  on  metal 
a,  e.  Light  micrographs,  film  on  metal 


the  5-minute  oxidation,  while  the  size 
distribution  is  300  to  800  A.  and  the 
average  size  450  A.  for  the  30-minute 
experiment.  The  average  crystal  size 
increases  with  an  increase  in  the  time 
of  oxidation. 

Inconel.  This  alloy  is  probably  a 
solid  solution  type  of  alloy  with  a  face- 
centered  cubic  lattice.  Two  experi¬ 
ments  are  made  at  600°  C.;  the  first 
oxidation  is  for  5  minutes,  while  the 
second  is  for  30  minutes. 

The  reflection  studies  indicate  the 
presence  of  Fe3Ch  for  both  experiments. 
A  transmission  study  of  the  stripped 
film  shows  the  presence  of  a  spinel, 
Cr2Oj,  and  NiO  for  the  5-minute  oxida¬ 
tion,  and  Cr203  and  NiO  for  the  30- 
minute  oxidation.  Spectrographic  anal¬ 
ysis  shows  the  presence  of  chromium, 
nickel,  and  iron  in  the  film. 

An  analysis  of  these  results  indicates 
that  a  stratification  of  the  oxides  occurs 
in  the  film  formed  on  Inconel  with  a 
spinel,  probably  Fe304,  on  the  surface 
and  a  spinel,  probably  Ni0.Cr203,  and 
Cr203  and  NiO  making  up  the  body  of 
the  film.  The  data  available  do  not 
permit  a  determination  of  the  relative 

gositions  of  the  Cr20»  and  NiO  in  the 
1m.  It  is  interesting  to  note  that  NiO 
and  Cr2Oa  can  exist  together  in  the 
film  without  forming  completely  the 
spinel  NiO.CriOj.  An  x-ray  diffrac¬ 
tion  study  of  the  equilibrium  system 
Cr2Os-Ni0  by  Thomassen  (16)  is  shown 
in  Figure  12.  No  part  of  the  chart 
shows  the  existence  of  NiO  and  Cr2Oj 
except  as  the  spinel  Ni0.Cr203. 

The  electron  microscope  data  are 
summarized  in  Table  VI  and  the  micro¬ 
graph  is  shown  in  Figure  5.  Nonuni¬ 
form  oxide  films  are  obtained  with 
irregularly  shaped  crystals.  The  crys¬ 
tals  vary  in  size  from  300  to  900  A. 
with  an  average  size  of  400  to  450  A. 
An  increase  in  the  time  of  oxidation 
does  not  result  in  an  appreciable  in¬ 
crease  in  average  crystal  size. 

Nichrome  V.  Nichrome  V  is  an  alloy 
used  in  making  electrical  resistance 
heaters.  It  consists  largely  of  a  solid 
solution  of  chromium  in  nickel  with  a 
face-centered  cubic  lattice. 

Two  oxidations  are  made,  the  first 
for  5  and  the  second  for  30  minutes  at 
600  °  C.  The  electron  diffraction  data 
as  summarized  in  Tables  III  and  V 
show  that  Cr203  is  found  by  both  the 
reflection  and  transmission  methods. 
This  is  in  agreement  with  a  previous 
study  ( 9 )  on  the  existence  diagram  for 
Nichrome  V.  Mott’s  theory  (18) 
would,  however,  predict  the  occurrence 
of  NiO  on  the  surface  and  CrsOj 
in  contact  with  the  substrate.  Spec¬ 
trographic  analysis  shows  the  pres¬ 
ence  of  chromium  and  a  trace  of 
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Figure  10.  Oxide  Film  of  5%  Manganese  Iron,  5  Mn  10-300 

a.  Electron  micrographs,  shipped  film 

b.  Electron  diffraction  transmission,  stripped  film 

c.  Electron  diffraction  reflection,  film  on  metal 

d.  e.  Light  micrographs,  film  on  metal 
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Figure  11.  Oxide  Film  of  5%  Silicon 
Iron,  5  Si  5-300 

a.  Electron  micrographs,  stripped  film 

b.  Electron  diffraction  transmission,  stripped  film 

c.  Electron  diffraction  reflection,  film  on  metal 

d.  e.  Light  micrographs,  film  on  metal 
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Equilibrium  Diagram  Study  of  System  Cr203-Ni0  (15) 


on  but  no  nickel.  The  authors’  data  also  differ  from  the  results 
f  Chalmers  and  Quarrell  (3)  who  report  that  the  oxide  formed  on 
ickel-chromium  alloys  has  a  spinel  structure  and  probably  a 
omposition  corresponding  to  Ni0.Cr203. 


The  lattice  parameters  for  the  Cr203 
lattice  found  in  this  study  are  shown  in 
Figure  13,  together  with  the  other  pos¬ 
sible  lattices  which  might  be  formed. 
The  agreement  with  the  Cr203  lattice  is 
good. 

Electron  microscope  data  summa¬ 
rized  in  Table  VI  and  the  electron  micro¬ 
graph  shown  in  Figure  6  indicate  the 
presence  of  fairly  uniform  oxide  films 
made  up  of  irregularly  shaped  crys¬ 
tals.  The  crystals  have  a  size  distribu¬ 
tion  of  100  to  550  A.  with  an  average 
size  of  250  A.  for  the  5-minute  oxidation 
and  350  A.  for  the  30-minute  oxidation. 
The  time  effect  of  size  increase  is  small 
but  can  be  noticed. 

Magnetic  Allots.  Hipemik.  This 
alloy  is  of  the  solid  solution  type  and 
has  a  face-centered  cubic  lattice.  It  is 
best  known  for  its  magnetic  properties. 
It  is  an  interesting  alloy,  since  it  con¬ 
sists  of  49%  iron,  49%  nickel,  and  2% 
manganese.  In  terms  of  the  atomic 
concentration  of  the  metals  on  the 
surface  of  the  alloy,  oxides  of  both 
iron  and  nickel  should  occur. 

The  oxide  film  formed  at  400°  C.  in  0.1  atmosphere  of  oxygen 
for  5  minutes  shows  the  presence  of  Fe3C>4  and  a-Fe203  on  the  sur¬ 
face  by  the  reflection  technique.  The  transmission  data  show 
the  presence  of  a  spinel  with  a  lattice  parameter  of  8.34  A.  as  well 
as  a-Fe203  and  NiO.  The  lattice  parameter  of  the  spinel  does  not 
permit  a  positive  identification,  since  Fe304  has  a  parameter  of 
8.40  A.  and  Ni0.Fe203  has  a  parameter  of  8.34  A.  Spectrographic 
analysis  shows  the  presence  of  manganese,  nickel,  and  a  trace  of 
iron. 

The  electron  microscope  data  summarized  in  Table  III  indi¬ 
cate  the  presence  of  a  uniform  film  with  thicker  sections  at  the 
grain  boundaries.  The  crystals  are  irregular  in  shape  and  show 
evidence  of  overlapping.  The  crystal  size  varies  from  200  to 
500  A.  with  an  average  size  of  300  A. 

30  CoFe.  This  alloy  is  of  the  solid  solution  type  and  has  a  body- 
centered  cubic  structure.  It  is  known  for  its  magnetic  rather  than 
for  its  protective  properties. 

The  oxide  film  formed  at  300°  C.  in  0.1  atmosphere  of  oxygen 
for  30  minutes  shows  the  presence  of  Fe304  (8.43  A.)  on  the  sur¬ 
face  by  reflection  and  a  spinel  (8.36  A.)  by  transmission.  The 
two  spinels  which  are  possible  are  Fe304  (8.40  A.)  and  CoO.Fe203 
(8.39  A.) .  The  body  of  the  film  may  be  either  of  these  or  a  mixture 
of  the  two.  Spectrographic  analysis  shows  iron,  cobalt,  and  a 
trace  of  chromium. 


It  is  of  interest  to  compare  results  for  Nichrome  V  with  the  re- 
alts  of  the  equilibrium  diagram  for  the  Cr203-Ni0  system  as 
ietermined  by  Thomassen  (16)  and  shown  in  Figure  12.  If  the 
Hoy  were  completely  converted  to  the  oxides,  the  diagram  shows 
pat  one  should  obtain  NiO  and  the  spinel  Ni0.Cr203.  The  au- 
aors  obtain  from  electron  diffraction  data  only  Cr203.  Referring 
gain  to  Figure  12  one  can  see  that  Cr203  would  be  the  equilibrium 
xide  forming  up  to  NiO  mole  fractions  of  0.27,  the  NiO  being 
resent  in  solid  solution  in  the  Cr203.  This  example  illustrates  the 
ifficulty  of  applying  equilibrium  data  to  a  thin  film  reaction  prod- 
ct  forming  on  alloys. 


The  electron  microscope  data  given  in  Table  III  and  the  elec¬ 
tron  micrograph  shown  in  Figure  8  indicate  the  presence  of  a  non- 
uniform  film  composed  of  irregular,  angular  crystals  with  a  size 
distribution  of  300  to  1200  A.  and  an  average  crystal  size  of  700  A. 
Considerable  overlapping  of  crystals  is  noted. 

Mild  Steel.  Mild  steel  may  be  classified  as  a  magnetic  alloy 
with  poor  protective  quality.  It  has  a  body-centered  cubic 
structure. 

Oxidations  with  0.1  atmosphere  of  oxygen  at  250°  C.  for  5  and 
30  minutes  show  the  presence  of  Fe304  by  both  techniques.  Oxi¬ 
dation  at  300 0  C.  for  5  minutes  shows  Fe304  and  a-Fe203  by  re¬ 
flection  from  the  surface  and  Fe304  by  transmission 
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Fisurc  1  3.  Experimental  Diffraction  Data  for  Oxides  Which  May  Occur  on  Nichrome  V  and  Inconel 


The  electron  micrograph  shown  in  Figure  7  indicates  the  pres¬ 
ence  of  nonuniform  film  consisting  of  overlapping  crystals  with  a 
size  distribution  of  250  to  1600  A.  and  an  average  size  of  750  A.  for 
the  three  oxidations.  The  size  of  the  crystals  does  not  appear  to 
be  affected  by  temperature. 

Sealing  Allot.  Kovar  is  a  solid  solution  type  of  alloy  having 
a  face-centered  cubic  structure.  It  is  used  primarily  in  making 
glass  to  metal  seals,  and  is  not  considered  to  be  a  protective  alloy. 
However,  the  nature  of  the  oxide  film  is  very  important  in  prepar¬ 
ing  good  seals. 

Oxidation  with  0.1  atmosphere  of  oxygen  at  400°  C.  for  5  min¬ 
utes  shows  the  presence  of  Fe304  by  reflection  and  a  spinel  with 
lattice  parameter  of  8.35  A  by  transmission.  Since  the  parameter 
of  Ni0.Fe203  is  8.34  A.  while  that  of  Fe304  is  8.40  A.  and  CoO.Fe203 
is  8.39  A.,  it  would  appear  that  the  nickel  spinel  may  be  formed, 
Spectrographic  tests  were  not  made  on  this  alloy  and  therefore 
a  positive  identification  is  impossible. 

The  electron  micrograph  indicates  the  presence  of  a  nonuniform 
film  consisting  of  clusters  of  small  irregular  crystals  with  a  size 
distribution  of  250  to  750  A.  and  an  average  size  of  400  A. 

Miscellaneous  Alloys.  These  binary  alloys  are  composed  of 
iron  and  metals  of  the  body-centered  cubic,  face-centered  cubic, 
and  other  structural  types  in  solid  solution  in  the  a-iron  lattice. 
In  all  cases  the  alloying  metal  is  not  present  in  excess  of  5%. 
The  alloying  metals  tungsten,  chromium,  and  vanadium  have 
body-centered  cubic  structures;  Nickel  is  face-centered  cubic; 
cobalt  is  hexagonal  close  packed ;  Manganese  has  a  complex  cubic 
structure;  and  silicon  has  a  cubic  structure  of  the  diamond  type. 
Previous  work  by  the  authors  (10)  on  abraded  samples  of  these 
alloys  indicated  that  oxides  of  the  alloying  metal  were  not  found 
on  the  surface.  This  study  has  been  undertaken  to  determine 
whether  polishing  may  increase  the  concentration  of  the  alloying 
metal  to  such  an  extent  that  its  oxides  may  occur  on  the  surface 
and  to  determine  whether  oxides  of  the  alloying  metal  occur  in  the 
body  of  the  film. 


5  CrF e.  Transmission  data  show  the  presence  of  a  spinel  with  a 
lattice  parameter  of  8.34  A.  in  the  body  of  the  film.  Spectro¬ 
graphic  analysis  shows  the  presence  of  chromiumoand  a  trace  of 
iron.  This  would  indicate  that  Fe0.Cr203  (8.35  A.)  may  be  the 
oxide  in  the  body  of  the  film  with  Fe304  on  the  surface.  It  may 
also  be  possible  that  7-Fe203  (8.32  A.)  is  present  in  the  body  of  the 
film. 

3  VFe.  The  transmission  dataoshow  the  presence  of  a  spinel 
with  a  lattice  parameter  of  8.33  A.  Although  a  spinel  with  the 
formula  FeO.  V203  may  exist,  no  x-ray  data  appear  to  be  available 
for  this  substance.  The  body  of  the  film  may,  therefore,  be  com- 
posed  of  this  spinel  or  it  may  be  7-Fe203  (8.32  A.).  No  spectro¬ 
graphic  analysis  is  available  to  check  these  predictions. 

5  NiF e.  Although  the  surface  spinel  appears  to  be  Fe304,  the 
formula  of  the  spinel  occurring  in  the  body  of  the  film  may  be 
Ni0.Fe203.  The  lattice  parameter  by  transmission  (8.34  A.)  is  in 
agreement  with  the  assignment  of  the  formula  Ni0.Fe203  (8.34 A.). 
No  spectrographic  analysis  is  available. 

5  CoFe.  The  spinel  occurring  in  the  body  of  the  oxide  film 
cannot  be  determined  uniquely  by  electron  diffraction,  since  there 
are  two  possible  spinels,  Fe304  and  CoO.Fe203,  having  almost  iden¬ 
tical  lattice  parameters.  However,  the  spectrographic  analysis 
shows  the  presence  of  iron,  copper,  and  a  trace  of  aluminum  but 
no  cobalt.  This  would  seem  to  indicate  that  7-Fe203  (8.32  A.)  may 
be  the  oxide  in  the  body  of  the  film. 

5  MnF e.  Transmission  data  show  the  presence  of  a  spinel  with 
a  lattice  parameter  of  8.32  A.o  Since  three  spinels  are  possible 
Fe304  (8.40  A.),  7-Fe203  (8.32  A.),  and  Mn0.Fe203,  it  would  ap¬ 
pear  that  7-Fe203  is  the  oxide  present  in  the  body  of  the  film. 
Spectrographic  analysis  shows  the  presence  of  iron,  manganese, 
and  traces  of  chromium  and  aluminum.  Manganese  may  occur  in 
solid  solution  in  the  7-Fe203  lattice. 

The  two  remaining  alloys,  5  SiFe  and  4  WFe,  show  only  the  pres¬ 
ence  of  a-Fe203  by  transmission. 

The  surface  oxide  on  5  SiFe  as  determined  by  the  reflection 
technique  appears  to  be  Fe304.  This  case  is  rather  unusual,  since 
o!-Fe203  is  in  contact  with  the  substrate  and  Fe304  on  the  surface. 
Usually  a-Fe203  is  formed  only  when  there  is  an  unrestricted  supply 
of  oxygen  and  equilibrium  conditions  are  being  approached. 

The  surface  oxide  on  4  WFe  appears  to  be  a-Fe203.  This  is  the 
only  case  in  this  series  of  alloys  where  <x-Fe203  is  found  on  the 
surface. 
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j  In  summation,  the  structure  of  the  alloying  metal  does  not  seem 
:o  have  an  appreciable  effect  on  the  occurrence  of  a  given  oxide  on 
he  surface.  Polishing  may  have  an  effect  in  concentrating  the 
illoying  metals  in  the  surface  layer  of  the  oxide  but  this  increase 
n  concentration,  if  it  occurs,  does  not  appear  to  result  in  the 
ormation  of  an  oxide  of  the  alloying  metal  on  the  surface  of  the 
ilm.  The  data  are  not  conclusive  enough  to  decide  whether  the 
illoying  metal  may  or  may  not  be  present  in  the  various  spinels 
vhich  occur  in  the  body  of  the  oxide  films. 

1  The  electron  micrographs  for  these  alloys  are  shown  in  Figures 
1  to  11.  The  interpretations  of  these  micrographs  are  given  in 
Table  III. 

The  micrographs  of  the  oxide  layers  on  5  MnFe,  5  SiFe,  3  VFe, 
ind  4  WFe  show  the  presence  of  films  which  are  uniform  and 
-omposed  of  irregularly  shaped  crystals  with  average  crystal 
>izes  of  350,  500,  250,  and  300  A.,  respectively. 

The  micrographs  on  5  CrFe,  5  NiFe,  and  5  CoFe  show  the  pres- 
>nce  of  films  which  are  nonuniform  and  composed  of  crystals  of 
rregular  shapes  with  average  crystal  sizes  of  250,  600,  and  400  A., 
•espectively. 

There  does  not  appear  to  be  any  close  correspondence  existing 
oetween  the  structure  of  the  alloying  metal  and  the  size  and  shape 
if  the  oxide  crystals  which  form  when  the  alloy  is  oxidized.  With 
he  exception  of  5  CrFe,  all  oxidations  were  carried  out  under 
dentical  conditions.  Since  the  oxidation  rates  of  these  alloys  are 
irobably  different,  there  may  be  some  differences  in  the  thick- 
lesses  of  the  oxide  films. 

DEVIATION  OF  CALCULATED  LATTICE  PARAMETERS 
FROM  X-RAY  VALUES 

A  previous  work  by  the  authors  ( 8 )  indicated  that  the  electron 
liffraction  reflection  method  gives  lattice  parameters  for  the  oxide 
aims  formed  on  abraded  samples  of  iron,  cobalt,  nickel,  chro- 
nium,  and  copper  which  are  slightly  larger  than  the  x-ray  values. 
These  parameters  showed  negligible  time  and  temperature  effects. 

Transmission  data  obtained  by  the  authors  (15)  on  the  same 
metals  show  small  negative  deviations.  These  samples  had  been 
Submitted  to  metallographic  polishing  prior  to  oxidation.  On 
he  polished  metals  reflection  data  yield  lattice  parameters  w  hich 
ire  on  the  average  0.7%  high,  while  the  transmission  method 
gives  values  which  are  on  the  average  of  0.2%  low'. 

In  a  recent  paper  (10)  on  alloys  the  lattice  parameters  of  the 
ixides  formed  on  abraded  samples  show  in  general  that  positive 
deviations  occur.  The  average  deviation  w'as  calculated  to  be 
).3%.  The  lattice  parameter  deviations  of  the  oxides  found  in 
I  his  wrork  are  shown  in  Table  V. 

The  reflection  method  yields  results  which  are,  on  the  average, 
).4%  high,  while  the  transmission  method  gives  values  which  are, 
m  the  average,  0.3%  low.  The  positive  deviations  are  greatest 
or  Fe304  and  least  for  a-Fe203  and  Cr203.  The  negative  devia¬ 
tions  result  almost  entirely  for  Fe304  and  are  negligible  for  a- 
Fe203  and  Cr203. 

In  the  calculation  of  the  deviations  from  the  transmission  data, 
?e304  was  used  as  the  unknown  spinel  in  all  cases.  Since  other 
Spinels  may  be  present,  as  discussed  earlier,  the  deviations  may 
ictually  be  smaller  than  those  listed. 

The  positive  deviations  for  Fe304  have  a  range  of  +0.24  to 
+0.60%  and  an  average  of  0.40%.  The  a-Fe203  lattice  has  an 
iverage  deviation  of  +0.35%  wdiile  the  one  observation  of  the 
0r203  lattice  gives  a  deviation  of  +0.30%.  Goldschmidt  (6) 
jias  shown  that  a  variation  in  the  stoichiometric  ratio  of  iron  to 
ixygen  atoms  in  the  lattice  may  give  deviations  of  the  order  of 
nagnitude  observed  here.  Bernard  (1)  also  reports  that  an  in¬ 
crease  in  the  lattice  parameter  of  FeO  from  4.28  to  4.298  A.  is 
■aused  by  the  solid  solution  of  iron  in  the  oxide  lattice. 

I  The  differences  observed  in  the  lattice  parameters  as  found  by 
■  he  reflection  and  transmission  methods  thus  may  be  due  to  one 
>r  more  of  the  following  reasons: 


The  presence  of  strains  in  the  oxide  film  on  the  alloy  and  sub¬ 
sequent  relief  of  these  strains  when  the  film  is  stripped. 

Transformation  of  Fe304  to  y-Fe203  by  the  stripping  process. 

Variations  in  the  stoichiometric  ratio  of  iron  to  oxygen  atoms 
in  the  lattice. 

Stratification  of  the  several  components  as  a  function  of  the 
film  thickness. 

CONCLUSION 

Electron  Diffraction.  The  results  obtained  by  the  elec¬ 
tron  diffraction  reflection  technique  show  that  the  oxides  found 
on  the  outer  surface  of  the  oxide  layer  may  not  be  directly  cor¬ 
related  with  the  composition  of  the  alloy.  In  some  cases  oxides 
are  found  on  the  surface  by  reflection  and  are  not  observed  after 
the  film  is  stripped  and  examined  by  transmission.  The  cause  of 
this  difference  may  be  a  chemical  change  in  the  film  as  a  result  of 
the  stripping  technique  or  the  presence  of  the  outer  oxide  layer 
as  such  a  small  fraction  of  the  whole  film  that  the  transmission 
technique  is  not  sensitive  enough  to  show  its  presence. 

The  difference  in  composition  of  the  outer  layer  and  the  body  of 
the  oxide  film  may  result  from  the  following  experimental  facts 
observed  on  the  alloys  in  addition  to  any  possible  effects  which 
may  result  from  the  stripping  technique: 

Iron  and  chromium  ions  appear  to  diffuse  more  readily  to  the 
surface  than  other  metal  ions. 

NiO  is  never  observed  on  the  surface,  although  it  does  occur 
in  the  body  of  the  film  on  certain  alloys;  this  may  indicate  a  low 
diffusion  rate  for  the  ion. 

CoO  is  not  observed  on  the  surface  or  in  the  body  of  an  oxide 
even  when  the  percentage  of  cobalt  is  high  as  in  30%  CoFe;  there 
may,  however,  be  a  solid  phase  reaction  between  CoO  and  Fe203 
to  form  the  spinel,  CoO.Fe203. 

The  protective  and  refractory  alloys,  such  as  13  CrFe,  18-8 
stainless  steel,  K42B,  Inconel,  and  Nichrome  V,  yield  Cr203  as 
one  of  the  oxides  in  the  body  of  the  film,  although  Cr203  may  not 
be  present  on  the  surface  of  the  oxide  film.  In  two  of  these 
cases,  13  CrFe  and  Nichrome  V,  Cr203  is  found  both  on  the  surface 
and  in  the  body  of  the  oxide  film.  None  of  the  alloys  shows  the 
presence  of  Cr203  on  the  surface  if  it  is  not  present  in  the  body  of 
the  film.  This  would  seem  to  indicate  that  in  many  alloys  con¬ 
taining  both  iron  and  chromium,  Cr203  is  in  contact  with  the  me¬ 
tallic  substrate  while  oxides  of  iron  occur  in  the  outer  surface  of 
the  oxide  film.  An  examination  of  those  alloys  shown  in  Table  V 
which  contain  both  chromium  and  iron  indicates  that  iron  in  most 
cases  has  a  greater  tendency  than  chromium  to  get  to  the  surface. 

All  of  the  magnetic,  sealing,  and  miscellaneous  alloys  are  oxi¬ 
dized  in  the  temperature  range  250°  to  400°  C.  On  Hipernik  the 
presence  of  NiO,  a-Fe203,  and  a  spinel  with  a  lattice  parameter  of 
8.34  A.  suggests  that  a  solid  phase  reaction  may  have  occurred  be¬ 
tween  NiO  and  a-Fe203  to  form  Ni0.Fe203  with  a  lattice  param¬ 
eter  of  8.34  A.  On  Kovar  the  spinel  in  the  body  of  the  oxide  film 
may  be  Ni0.Fe203,  CoO.Fe203,  Fe304,  or  a  mixture  of  any  two  or 
all  three  of  these,  although  the  lattice  parameter  of  8.35  A.  sug¬ 
gests  that  Ni0.Fe203  may  be  predominant.  Unfortunately,  no 
spectrographic  analysis  is  available  to  confirm  this.  The  spinels 
in  the  body  of  the  oxide  films  formed  on  5  CrFe,  5  NiFe,  and  5 
CoFe  may  be  Fe0.Cr203,  Ni0.Fe203,  and  CoO.Fe203,  respectively. 
Further  work  on  the  analysis  of  these  oxide  coatings  is  required 
in  order  that  more  positive  identifications  may  be  made. 

It  is  of  interest  to  compare  the  oxides  found  on  polished  sam¬ 
ples  in  this  study  with  those  found  on  abraded  samples  recently 
reported  by  the  authors  (10).  These  comparisons  shown  in  Table 
VII  are  made  at  the  same  temperature  and  time  of  oxidation 
although  the  oxygen  pressure  was  1  mm.  with  the  abraded  and 
0. 1  atmosphere  with  the  polished  samples. 

There  is  a  1  to  1  correspondence  of  oxides  obtained  in  the  two 
methods  of  surface  preparation.  This  indicates  that  polishing 
appears  to  have  little  or  no  effect  or  the  oxides  occurring  in  the 
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outer  layer  of  the  oxide  surface.  The  oxygen  pressure  effect  also 
appears  to  be  negligible. 

The  lattice  parameters  of  the  oxides  observed  on  polished  sam¬ 
ples  of  the  alloys  are  in  general  agreement  with  x-ray  values  al¬ 
though  slightly  larger  by  the  reflection  technique  and  slightly 
smaller  by  the  transmission  technique.  In  those  cases  where 
more  than  one  time  of  oxidation  is  used,  no  variation  of  lattice 
parameter  with  film  thickness  is  noted. 


Tabic  VII.  Comparison  of  Oxide  Film  Structures  on  Abraded  and 
Polished  Samples  by  Reflection  Method 


Alloy 

13  CrFe 
18-8  SS 
K42B 
Inconel 
Nichrome  V 


Abraded  Samples  Polished  Samples 


a-Fe2C>3  or  O2O3 
a-Fe203  -j-  Fe304 
FesCb 
Fe3C>4 
CrzOj 


CrjO 

a-Fe203  +  FesOi 
Fes04 
Fe304 

Cr203 


The  authors’  recent  study  {10)  indicated  that  no  unique  oxide 
lattice  could  be  correlated  with  the  protective  quality  of  an  alloy. 
Neither  could  any  statement  be  made  relative  to  the  position 
of  the  protective  part  of  the  oxide  film.  This  study  indicates  that 
those  chromium  alloys,  which  are  protective  or  refractory,  always 
show  the  presence  of  Cr203  in  the  body  of  the  oxide  layer  and  may 
also  show  it  in  the  surface  film.  This  would  seem  to  indicate  that 
Cr203  may  be  functioning  as  a  protective  oxide  layer  and  that  it  is 
actually  in  contact  with  the  substrate.  Further  work  is  needed 
where  the  surface  of  the  oxide  in  contact  with  the  substrate  is  ex¬ 
amined  by  the  reflection  diffraction  technique  in  order  to  deter¬ 
mine  if  this  inner  oxide  surface  actually  is  Cr203. 

Electron  Microscope.  The  selection  of  the  various  tempera¬ 
tures  and  times  of  oxidation  is  made  such  that  the  oxide  films  ob¬ 
tained  are  of  comparable  thickness.  It  is  estimated  that  the  thick¬ 
ness  range  lies  between  100  and  300  A.  Within  this  thickness 
range  all  the  alloys  may  be  considered  to  be  protective  and  they 
are  probably  obeying  a  parabolic  rate  law  of  oxidation. 

The  refractory  and  protective  alloys  included  in  this  study  are 
all  oxidized  at  600 0  C.  In  cases  where  twro  experiments  at  different 
times  of  oxidation  are  performed,  the  average  crystal  size  in¬ 
creases  with  an  increase  in  the  time  of  oxidation.  This  increase  is 
the  most  pronounced  for  stainless  steel  with  relatively  slight  in¬ 
creases  observed  for  K42B,  Inconel,  and  Nichrome  V.  Of  these 
four  alloys  Nichrome  V  is  probably  the  most  protective  while 
stainless  steel  may  be  the  least  protective.  The  increase  in  crys¬ 
tal  size  is  greatest  for  stainless  steel  and  least  for  Nichrome  V. 
There  may,  therefore,  exist  a  correlation  between  the  size  of  the 
oxide  crystals  formed  and  the  protective  quality  of  the  alloy. 
Further  work  involving  shorter  and  longer  times  of  oxidation  and 
higher  temperatures  is  required  in  order  to  check  this  possibility. 
All  the  oxide  films  on  these  alloys  consist  of  irregular  crystals 
with  considerable  overlapping.  Most  of  the  films  are  nonuniform. 

The  magnetic,  sealing,  and  miscellaneous  alloys  are  oxidized  in 
the  temperature  range  250°  to  400°  C.  All  the  oxide  films  are 
composed  of  crystals  of  irregular  shapes.  The  manganese,  silicon, 
vanadium,  and  tungsten  alloys  are  characterized  by  uniform 
films,  while  the  cobalt,  chromium,  and  nickel  alloys  form  nonuni¬ 
form  films.  The  average  crystal  size  varies  more  widely  on  these 
alloys  than  it  does  on  the  protective  or  refractory  alloys  ranging 
from  250  A.  on  3  VFe  or  5  CrFe  to  600  A.  on  5  NiFe. 

The  occurrence  of  nonuniform  oxide  films  on  alloys  is  not  unex¬ 
pected,  since  the  initial  layer  may  consist  of  the  several  oxides 
which  have  different  rates  of  growth.  In  addition,  each  oxide  pos¬ 
sesses  certain  preferred  directions  of  growth.  A  third  factor  may 
be  concerned  with  the  ease  with  which  a  metallic  ion  gets  to  the 
surface  and  is  oxidized.  All  these  factors  would  favor  the  forma¬ 
tion  of  nonuniform  films.  One  might  expect,  therefore,  to  find 


thicker  and  thinner  sections  of  oxide  film  existing  on  the  surface 
In  a  previous  paper  on  metals  {15)  the  authors  have  explainec 
overlapping  of  crystals  as  the  result  of  the  physical  overlap  of  tw< 
crystals,  and  the  contact  zone  between  crystals  occurring  at  ai 
angle  to  the  electron  beam.  This  overlapping  phenomenon  is  ob¬ 
served  in  many  of  the  films  on  the  alloys. 

SUMMARY 

The  thin  film  oxidation  process  occurring  on  alloys  composed 
principally  of  iron,  cobalt,  nickel,  and  chromium  is  studied  by  elec¬ 
tron  diffraction  and  the  electron  microscope.  Both  the  reflection 
and  transmission  methods  of  electron  diffraction  are  used.  The 
film  stripping  techniques .  developed  by  Evans  and  co-workers 
are  used  for  preparing  the  film  for  the  transmission  studies.  Typi¬ 
cal  commercial  protective,  refractory,  magnetic,  and  sealing  al¬ 
loys  are  studied.  In  addition  a  miscellaneous  group  of  experi¬ 
mental  alloys  is  included. 

The  following  electron  diffraction  results  are  obtained:  (1) 
Iron  and  chromium  ions  diffuse  more  readily  to  the  surface  of  the 
oxide  film  than  the  other  metal  ions.  (2)  Stratification  of  the  ox¬ 
ides  occurs  even  for  films  of  100  to  300  A.  thick.  (3)  Cr203  is  al¬ 
ways  observed  in  the  oxide  film  on  those  alloys  in  this  study  which 
are  classified  as  protective  or  refractory.  In  those  cases  where 
stratification  occurs,  Cr203  appears  to  be  in  contact  with  the  sub¬ 
strate.  (4)  NiO  is  never  observed  on  the  surface  of  the  oxide  film, 
although  it  does  occur  in  certain  cases  in  the  body  of  the  film.  This 
fact  may  indicate  a  low  diffusion  rate  for  the  nickel  ion.  (5) 
Solid  phase  reactions  may  occur  between  two  simple  oxides  to 
form  the  spinel  type  of  oxide  structure.  (6)  With  the  exception  of 
iron  and  chromium,  metals  which  constitute  no  more  than  5%  of 
the  alloy  do  not  occur  as  simple  oxides  on  the  outer  surface  of 
the  film.  These  oxides  do  appear  to  form  spinels  in  the  body  of 
the  film.  (7)  Simple  oxides  of  cobalt,  manganese,  silicon,  vana¬ 
dium,  and  tungsten  are  not  observed  in  this  study. 

The  following  electron  microscope  results  are  obtained:  (1) 
The  thin  oxide ^films  consist  of  a  continuous  film  of  oxide  crystals 
of  ICO  to  1600  A.  in  size.  (2)  The  oxide  films  are  not  of  uniform 
density  and  the  crystals  have  irregular  shapes.  (3)  The  effect  of 
longer  oxidation  periods  is  to  increase  the  average  size  of  the  crys¬ 
tals.  (4)  The  crystals  found  on  the  nonprotective  alloys  such  as 
mild  steel  at  250  °  C.  are  of  the  same  size  as  the  crystals  found  on 
the  protective  and  refractory  alloys  at  600°  C.  (5)  At  a  given 
temperature  a  correlation  may  exist  between  the  size  of  the  oxide 
crystals  and  the  protective  quality  of  the  oxide  film.  (6)  The 
thickness  of  the  boundary  zone  between  crystals  in  the  mosaic 
structure  is  of  the  order  of  50  A.  or  within  the  resolving  power  of 
the  microscope. 
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^reparation  of  Powdered  Materials  for  Electron  Microscopy 

MARY  C.  SCHUSTER  AND  ERNEST  F.  FULLAM1,  Interchemical  Corporation,  New  York,  N.  Y. 


\  discussion  is  given  of  the  basic  problems  involved  in  the  prepara- 
ion  of  powdered  materials  for  electron  microscopy,  with  special 
rference  to  effecting  and  maintaining  an  adequate  dispersion  of 
Itimate  particles.  Various  tested  methods  are  described  for  form- 
ig  thin  films  of  clear  resins  and  for  mounting  dispersed  powders  on 
lese  films.  Procedures  are  also  given  for  dispersing  and  mounting 
owders  suspended  in  resin  solutions.  The  properties  and  applica- 
on  of  various  resins  and  solvents  are  described,  and  electron  micro- 
raphs  of  several  types  of  mounts  are  shown.  These  procedures 
)r  mounting  particulate  materials  should  be  helpful  for  extension  and 
rfinement  of  the  techniques  of  sample  preparation  for  the  electron 
licroscope. 

“INELY  divided  substances  were  among  the  first  objects 
studied  by  the  electron  microscope,  and  the  literature  con- 
ains  accounts  of  numerous  investigations  of  specific  materials  (9). 
n  many  cases  descriptions  are  given  of  the  methods  used  to 
lount  the  specimens  for  electron  microscopic  study,  but  a  gen- 
ral  survey  of  mounting  methods  for  particulate  materials  has 
eretofore  been  lacking.  The  traditional  mounting  methods 
f  light  microscopy  are  not  in  general  suitable  for  the  electron 
licroscope,  because  of  the  low  penetrating  power  of  electrons 
nd  the  consequent  necessity  for  operating  in  a  high  vacuum, 
dfich  make  impossible  the  use  of  standard  glass  slides  and  im- 
lersion  liquids.  It  has  therefore  been  necessary  to  develop  spe- 
ial  mounting  techniques  for  electron  microscopy.  The  aim  of 
his  paper  is  to  discuss  the  problems  involved  in  dispersing  and 
munting  powdered  materials  for  electron  microscopy,  and, 
ince  there  is  no  single  universally  successful  method  of  prepara- 
ion,  to  describe  various  specific  procedures  found  useful  in  this 
iboratory. 

GENERAL  CONSIDERATIONS 

Dispersion.  When  the  purpose  of  microscopic  study  is  to 
xamine  the  characteristic  size  and  shape  of  a  few  isolated  parti- 
les,  the  preparation  of  a  mount  can  be  extremely  quick  and  sim- 
le,  involving  no  more  than  dusting  a  small  quantity  of  the  pow¬ 
er  on  the  thin  nitrocellulose  films  generally  used  as  specimen 
upports.  One  purpose  of  pigment  microscopy  is  to  produce  mi- 
rographs  that  can  be  studied  statistically  to  furnish  particle-size 
istribution  data  ( 6 ,  12),  from  which  can  be  calculated  specific 
urface,  covering  power  of  pigments,  and  other  properties.  Such 
statistical  study  is  almost  without  significance  if  the  particles 
re  clumped  together  so  that  few  particle  diameters  can  be  meas- 
red;  therefore,  the  microscopic  study  must  be  preceded  by  ade- 
uate  dispersion  (Figure  1). 

An  ideally  dispersed  mount  consists  of  a  field  of  particles 
rowded  enough  for  many  to  be  studied  on  one  plate,  yet  with 
ach  particle  sufficiently  separated  from  its  neighbors  to  permit 
leasuring.  The  dispersion  of  a  powdered  material  involves  the 
reaking  of  aggregates  without  comminution  of  the  ultimate  par¬ 
oles,  and  the  prevention  of  flocculation  during  the  subsequent 
reparation  of  the  mount.  Some  form  of  work — mechanical, 
lermal,  electrical  (.10),  magnetic,  or  chemical — must  be  applied 
i  order  to  break  these  aggregates  down  to  the  ultimate  working 
nit,  which  is  a  single  crystal,  fragment  of  crystal,  or  small  hard 
ggregate  that  functions  as  an  ultimate  particle  (4). 
Flocculation.  Flocculation  is  generally  considered  to  occur 
•hen  a  powder  is  “poorly  wetted”  by  the  mounting  medium,  and 
it  occurs,  the  selection  of  another  medium  will  often  bring 
bout  a  deflocculated  mount.  If  the  powder  is  known  to  be  hydro- 
hobic  or  hydrophilic,  the  mounting  medium  should  be  chosen 
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accordingly.  Wetting  agents  are  sometimes  helpful,  but  there  is 
some  evidence  that  they  may  make  the  image  of  a  particle  fuzzy 
by  concentrating  at  the  particle-medium  interface ;  therefore,  it  is 
preferable  to  rely  on  the  wetting  properties  of  a  properly  chosen 
mounting  medium,  and  to  avoid  the  use  of  an  additional  wetting 
agent. 

Films  and  Screens.  Electron  microscope  preparations  are 
usually  mounted  on  very  thin  (100  to  300  A.)  resin  films.  The 
fragile  films  are  themselves  supported  on  0.3-cm.  (0.125-inch) 
disks  of  perforated  metal  (nickel-plated  copper),  or  of  calendered 
screening  of  stainless  steel,  phosphor  bronze,  or  copper.  The  size 
of  hole  varies  from  20  microns  for  the  electrolytic  screens  to 
over  100  microns  for  the  woven  screens.  The  small  holes  afford 
more  support  for  films,  but  the  large  ones  give  a  greater  field  of 
view.  It  is  convenient  to  have  punches  of  1/m,  V32,  and  Vie  inch 
with  which  to  make  a  large  hole  in  the  center  of  a  screen  to  facili¬ 
tate  the  location  of  large  objects  in  the  electron  microscope. 
Such  punched  screens  are  also  used  for  electron  diffraction  work 
to  eliminate  all  diffracted  electrons  coming  from  the  surface  of  the 
screen  wires.  The  film  over  such  a  large  hole  must  be  heavier 
than  normally  used,  but  for  moderately  low  magnifications  will 
not  interfere  with  the  quality  of  the  image. 
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Figure  1.  Dispersion 

a.  Iron  blue  in  nitrocellulose,  stirred 

b.  Iron  blue  in  nitrocellulose,  dispersed  mechanically 


Use  of  Light  Microscope.  It  is  strongly  recommended  that 
all  stages  of  the  preparation  of  mounts  for  the  electron  micro¬ 
scope  be  followed  by  observation  in  the  light  microscope.  Experi¬ 
ence  in  comparative  observations  with  both  instruments  enables 
the  microscopist  to  save  much  time  by  discarding  unsatisfactory 
mounts  before  they  are  ready  for  the  electron  microscope. 


MOUNTING  ON  A  CLEAR  RESIN  FILM 

Films.  The  resin  film  should  be  as  nearly  transparent  to  elec¬ 
trons  as  possible,  should  show  no  structure  of  its  own,  and  should 
contain  no  suspended  impurities.  One  exception  to  this  general¬ 
ization  is  in  the  case  of  stereoscopic  studies  of  large  particles, 
where  a  little  fine  dirt  on  the  supporting  film  supplies  a  reference 
plane  that  is  psychologically  helpful  in  studying  the  stereoscopic 
micrographs.  The  thinner  the  film,  the  more  transparent  it  will 
be.  An  ideally  thin  film  is  one  which  breaks  under  the  full  in¬ 
tensity  of  the  electron  beam,  but  which  holds  together  under  in¬ 
tensities  sufficient  to  give  a  clearly  visible  image  on  the  fluorescent 
screen  of  the  microscope.  A  fragile  film  can  be  toughened  by  sub¬ 
jecting  it  first  to  very  low  beam  intensities,  and  gradually  build¬ 
ing  up  to  the  desired  brightness,  both  by  bringing  the  source 
into  focus  at  the  specimen  plane  and  by  increasing  the  beam  cur¬ 
rent.  Usually  larger  particles  will  require  thicker  films  for  proper 
support. 
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INDUSTRIAL  AND 

Resins.  The  most  generally  used  resin  is  a  purified  nitrocel¬ 
lulose  called  Parlodion  which  is  soluble  in  the  usual  nitrocellulose 
solvents.  Greater  toughness  and  heat  resistance  are  exhibited  by 
a  polyvinyl  formal  polymer,  Formvar  15/95,  Grade  E;  this  resin 
dissolves  in  a  relatively  limited  number  of  solvents.  All  the  resins 
listed  in  Table  I,  and  doubtless  many  others,  may  be  used  to  form 
films,  but  the  two  mentioned  above  have  been  adequate  for  a  large 
part  of  the  work  in  this  laboratory. 

Spread  Films.  A  common  method  of  film  formation  is  to  drop 
a  small  amount  of  resin  solution  on  water,  let  it  spread  and 
dry,  place  screens  on  it,  and  pick  up  the  screens  with  a  special  an¬ 
nular  tool  or  with  a  glass  microscope  slide.  The  thickness  of  the 
film  is  controlled  by  the  concentration  of  the  original  solution,  by 
the  volatility  of  the  solvent  (the  more  volatile  solvents  evaporate 
faster,  and  the  film  area  is  consequently  smaller  than  with  a  less 
volatile  solvent),  and  by  the  spreading  coefficient  of  the  solution 
( 1 )  •  The  spreading  coefficient  is  a  function  of  the  surface  tension 
of  the  water,  the  surface  tension  of  the  solution,  and  the  interfa¬ 
cial  tension  of  the  two  liquids;  the  coefficient  must  be  positive  if 
spreading  is  to  occur.  In  the  absence  of  a  surface-active  agent, 
the  spreading  coefficient  of  the  solvent  controls  the  spreading  of 
the  solution.  Thus,  Parlodion  in  methyl,  ethyl,  amyl,  or  Cello- 
solve  acetates  (all  with  positive  coefficients)  spreads  well;  whereas 
F ormvar  in  ethylene  dichloride  or  dibromide  (negative  coefficients) 
will  not  spread,  but  forms  lenses  on  the  water  instead. 
Formvar  (5%)  in  dichloroethylene  or  propylene  dichloride  will 
spread  fairly  well,  since  the  unsymmetrical  nature  of  those  mole¬ 
cules  enables  them  to  spread.  Formvar  in  ethylene  dichloride 
will  spread  if  it  contains  a  sufficient  amount  of  wetting  agent 
such  as  Aerosol  OT  (suggested  by  A.  Y.  Mottlau,  Standard  Oil 
Development  Co.,  Elizabeth,  N.  J.)  or  oleic  acid,  although  the 
films  obtained  with  the  former  contain  many  holes  and  are  lacy 
in  appearance.  This  lacy  structure  may  be  desirable  as  a  support 
for  weak  or  exceptionally  thin  films,  and  can  also  be  achieved  by 
dispersing  camphor  in  an  equal  or  slightly  larger  volume  of  10% 
Parlodion  in  amyl  acetate  and  spreading  the  mixture  on  water. 

The  water  on  which  the  films  are  spread  is  contained  in  a  rec¬ 
tangular  dish  of  Pyrex  whose  edges  are  ground  flat,  and  whose  in¬ 
ner  surface  and  edges  are  lightly  coated  with  paraffin.  When  the 
dish  is  filled  to  the  brim  with  distilled  water,  the  meniscus  rises 
above  the  edge  of  the  dish  and  can  be  swept  clean  with  paraf¬ 
fined  glass  rods  or  chromium-plated  brass  bars.  The  water  is 
swept  twice  in  this  manner  before  every  operation.  The  distilled 
water  must  be  changed  daily,  since  any  impurity  tending  to 
lower  the  surface  tension  of  the  water  will  concentrate  at  the 
water-air  interface  and  seriously  reduce  the  spreading  of  solutions 
on  the  water.  Any  bacteria  growing  in  the  water  will  be  ob¬ 
served  on  the  preparation;  therefore  the  dish  must  be  cleaned 
regularly. 

Mercury  may  also  be  used  as  a  substrate  on  which  to  spread 
films.  Its  high  surface  tension  makes  it  theoretically  excellent 
for  this  purpose,  but  the  practical  difficulties  of  cleaning  and 
handling  mercury  are  considerable. 

Cast  Films.  Resin  films  can  be  formed  by  casting  onto  glass 
Dilute  solutions  of  the  resin  (0.2  to  0.4%  by  weight)  in  very  vola- 
tile  solvents  are  taken  up  in  a  micropipet  formed 
by  drawing  out  soft  glass  tubing  in  a  flame  ( 2 ). 

A  slight  bend  in  the  tubing  will  prevent  the  solu¬ 
tion  from  running  back  into  the  rubber  bulb  and 
becoming  contaminated.  In  forming  the  film, 
the  long  narrow  shank  of  the  pipet  is  held  close 
to  and  parallel  with  a  clean  glass  slide;  the  liquid 
is  gently  expelled  and  is  drawn  between  pipet 
and  slide  by  capillarity,  then  quickly  spread  out 
across  the  slide  with  a  sideways  motion  of  the 
pipet.  To  eliminate  streaking,  the  slide  is  held 
vertically  in  an  atmosphere  of  the  solvent  for 
the  resin,  preferably  in  a  large  jar  or  beaker, 
where  it  is  allowed  to  drain  until  dry.  The  film 
thickness  depends  on  the  concentration  of  the 
solution,  the  volatility  of  the  solvent,  the  length 
of  time  for  draining,  and  to  some  extent  on  the 
manner  in  which  the  solution  is  spread.  The 
film  can  be  formed  more  simply  by  dipping  the 
slide  into  a  jar  of  the  solution,  but  the  pipet 
method  is  preferred  for  two  reasons:  the  large 
surface  of  the  dipping  jar  exposes  the  solution  to 
dust  contamination,  an  important  consideration 
in  many  laboratories,  and  the  tendency  of  ethyl¬ 
ene  dichloride  (the  usual  Formvar  solvent)  to  be¬ 
come  acid  on  exposure  to  light  and  air  is  ag¬ 
gravated.  All  ethylene  dichloride  solutions  should 
be  stored  in  brown  bottles,  since  a  markedly  acid 
solution  forms  w'eak  films  that  are  difficult  or  im¬ 
possible  to  strip. 
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Manipulation  of  Cast  Films.  After  casting  and  drying  th 
film  is  scored  around  the  edge  with  a  needle  and  usually  cut  int 
i'j -1-  i  S(lual;es  for  easy  manipulation  of  the  screens.  Th 
slide  is  lowered  into  the  water  at  a  low  angle,  film  side  uppermost 
and  the  edge  of  the  film  is  teased  loose  from  the  slide  with  a  needle 
This  is  easier  if  the  rim  is  thickened  with  one  or  two  extra  coats  o 
resin.  The  film  slowdy  peels  off  the  slide  and  floats  on  the  surfac. 
i  j  u^ater  ht.tle  help  from  the  needle;  breathing  on  th 
slide  before  and  during  peeling  will  facilitate  the  operation.  I 
the  squares  of  film  show  any  interference  colors  when  examinee 
by  reflected  light,  they  are  too  thick.  A  pale,  first-order  gray  i 
the  color  of  the  heaviest  film  that  can  be  employed;  the  best  film 
are  nearly  invisible  on  the  wrater  surface. 

The  glass  slides  should  be  clean  and  free  from  scratches  be 
cause  scratches  are  reproduced  in  the  film.  Dirt  will  contami’nati 
the  film  and  sometimes  prevent  it  from  peeling  off  the  slide 
To  minimize  these  difficulties,  new  microscope  slides  of  gooc 
quality  are  employed;  they  are  cleaned  in  soap  and  water,  rinsed 
and  dried.  Just  before  use,  a  slide  is  removed  from  the  water 
drained,  then  polished  with  fine  magnesium  oxide  on  a  small  wac 
of  moist  lens  paper,  and  wiped  dry  with  a  clean  soft  cloth.  If  the 
slides  are  used  only  for  this  purpose,  they  may  be  cleaned  and  re¬ 
used  several  times  before  becoming  too  badly  scratched. 

The  film  may  be  transferred  directly  from  the  slide  to  the  screen 
by  a  method  described  by  Schaefer  and  Harker  (13).  The  screen 
is  placed  on  a  film-covered  slide,  both  are  covered  with  condensed 
moisture  by  breathing  on  the  slide,  and  Scotch  tape  is  quickly 
pressed  down  over  screen  and  slide.  When  the  tape  is  gently 
peeled  off  the  slide,  the  screen  comes  up  with  the  film  on  it. 

Dry  Mounting.  The  specimen  may  be  placed  on  the  film  in  a 
variety  of  ways.  The  simplest  is  to  dust  the  dried  powder  onto 
either  a  film-covered  screen  or  a  film-covered  slide.  In  the  latter 
case,  a  suitable  area  is  selected  in  the  light  microscope,  and  a 
screen  is  placed  over  that  area.  A  small  drop  of  rubber  ’cement 
on  one  edge  of  the  screen  will  keep  it  from  slipping  off  the  selected 
area  as  film  and  screen  are  peeled  off  together. 

Mounting  Pow-ders  Suspended  in  a  Liquid.  Any  powder 
that  can  be  dispersed  in  a  volatile  liquid  which  does  not  dissolve 
the  film  on  the  screen,  can  be  easily  mounted  by  placing  a  drop 
of  the  suspension  on  a  film-covered  screen  and  allowing  it  to  dry; 
however,  the  particles  tend  to  clump  together  as  they  go  to  dry¬ 
ness.  It  is  possible  to  keep  the  particles  dispersed  to  the  last 
moment  by  applying  some  form  of  vibration,  as  described  below. 
It  is  also  possible  to  immobilize  a  deflocculated  suspension  by 
quick-freezing  in  liquid  air  or  a  dry  ice-alcohol  mixture,  and  then 
to  sublime  the  ice  under  high  vacuum.  Particles  can  also  be 
directly  centrifuged  onto  the  film-covered  screen  (3). 

Removing  Soluble  Impurities.  Soluble  impurities  in  a  sus¬ 
pension  are  often  troublesome,  since  they  crystallize  on  drying 
and  are  visible  in  the  electron  microscope.  The  mounting  film 
can  be  used  as  a  dialyzing  membrane  to  remove  water-soluble 
substances:  a  drop  of  the  suspension  is  placed  on  the  film  as  it 
lies  on  the  water  and  water  is  allowed  to  dialyze  through  the  film 
The  drop  swells  as  water  passes  through  the  film  by  osmosis.  A 
screen  is  placed  on  the  drop,  and  the  excess  water  withdrawn  by 


Table  I.  Resins  and  Solvents 

 Recommended  Solvents 


Resin 

For 

dispersion0 

For  mounts  cast  on 
glass 6 

F or  mounts  spread 
on  water' 

For  mounts 
drawn  down 
on  glass' 

Nitrocellulose 

(Parlodion) 

Cellosolve 

acetate 

Methyl  acetate 
Ethyl  acetate 

Methyl  acetate 
Ethyl  acetate 

Amyl  acetate 
Cellosolve  acetate 
Octyl  acetate 

Ethyl  acetate 
Amyl  acetate 

Formvar  15/95 

Dioxane  plus 
a  few  drops 
of  dimethyl 
dioxane 
Nitroethane 

Ethylene  dichloride 
Nitroethane 

Dichloroethylene 
Propylene 
dichloride 
Ethylene  dichlo¬ 
ride  plU6  0.1% 
oleic  acid 
Nitroethane 
1,1-Diehloro- 
2-nitroethane 

Dioxane 

Nitroethane 

Polystyrene 

Xylene 

Ethylene  dichloride 
T  oluene 

Benzene 

Toluene 

Xylene 

Benzene 

Toluene 

Methyl  meth¬ 
acrylate  or 
cellulose 
acetate 

Methyl  amyl 
ketone 

Methyl  ethyl 
ketone  plus 
10%  iso- 
phorone 

Acetone 

Methyl  ethyl 
ketone 

Methyl  amyl 
ketone 

Isophorone 

Methyl  ethyl 
ketone 

“  10  to  20%  solutions,  approximately. 

6  0.  1  to  0.5%  solutions,  approximately. 

c  No  fixed  concentration;  suspension  allowed  to  dry  to  suitable  consistency. 
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micropipet,  dropping  the  screen  on  the  film.  Film  and  screen 
re  removed  and  dried  in  the  usual  manner. 

DISPERSION  OF  POWDERS 

Turpentine  Dispersion.  The  manner  in  which  work  is  ap- 
lied  to  obtain  a  dispersion  may  vary  greatly.  A  standard  pig- 
ent-dispersion  method  used  in  light  microscopy  may  be  adapted 
ir  electron  microscopy  (5). 

The  pigment  is  rubbed  out  on  a  microscope  slide  in  a  drop  of 
esh  triple-distilled  turpentine,  using  a  back  and  forth  circular 
otion  of  a  glass  rod  held  parallel  to  and  touching  the  slide  hori- 
mtally.  As  the  last  of  the  turpentine  evaporates,  the  particles 
•y  in  wedges.  In  some  areas  of  these  wedges,  the  particle  den- 
ty  will  be  an  optimum,  neither  too  crowded  nor  too  sparse.  Such 
dispersion  may  be  flooded  with  a  dilute  resin  solution,  drained, 
■ied,  and  stripped  onto  water,  as  in  the  formation  of  a  cast  resin 
m;  or  it  may  be  stripped  by  the  method  of  Schaefer  and 
arker.  The  film  partly  surrounds  the  pigment  particles  and 
i’ts  them  off  the  slide. 

This  method  works  fairly  well  with  powders  of  large  and  fairly 
■liform  particle  size  (0.5  micron  and  greater).  The  method  may 
so  be  reversed — that  is,  the  turpentine  dispersion  may  be  made 
rectly  on  a  film-covered  slide.  The  film  is  unavoidably  torn  by 
e  largest  particles  under  the  rod,  and  it  may  be  awkward  to 
:el  onto  water;  however,  a  continuous  scrap  of  film  Vl6  inch 
uare  is  ample  for  electron  microscopy. 

Dispersion  of  Soft  Substances.  Many  substances  are  too 
ft  to  be  rubbed  out  mechanically  without  deformation.  These 
aterials  can  be  placed  in  a  mortar  with  solid  carbon  dioxide  and 
ound  until  just  before  the  dry  ice  has  all  sublimed.  The  low 
mperature  makes  most  soft  substances  sufficiently  brittle  to 
atter.  The  particles  can  later  be  mounted  in  any  convenient 
anner.  Since  commercial  dry  ice  contains  appreciable  amounts 
i  oil,  the  particles  should  be  washed  by  decantation  with  an  oil 
lvent. 

'Dispersion  with  Vibrators.  Air  flocculates  may  sometimes 
i  broken  apart  using  a  simple  mechanical  vibrator.  The  dry 
mple  is  placed  on  a  film-covered  microscope  slide  fastened  to  the 
jbrator.  Materials  of  very  large  particle  sizes  have  a  tendency  to 
parate  into  different  size  ranges  as  they  are  vibrated.  Sonic 
bration  in  the  upper  audio  range  (15,000  cycles  per  second) 
is  also  tried.  An  arm  rigidly  attached  to  the  vibrator  of  a  loud- 
eaker  strikes  the  bottom  of  a  glass  cell  made  of  a  ground-glass 
ig  cemented  to  a  cover  slip.  The  cell  contains  water  on  which 
floated  a  film-covered  screen,  which  in  turn  supports  the  drop 
liquid  containing  the  sample  in  suspension.  Supersonic  vibra- 
in  (550  kilocycles  per  second)  was  used  in  a  similar  manner  (7). 
watch  glass  containing  water  is  placed  directly  on  an  electrode 
the  supersonic  vibrator  and  a  screen  floated  on  the  water  as  he¬ 
re.  The  latter  two  methods  were  tried  only  with  carbon  black 
spended  in  water.  Although  the  results  were  not  entirely 
tisfactory,  the  method  as  described  might  be  useful  in  special 
oblems,  upon  proper  selection  of  suspending  medium  and  ad- 
Istment  of  particle  concentration. 

Dispersion  with  a  Spark.  Dispersions  may  also  be  made  us- 
g  a  high-frequency  spark  generated  by  a  Tesla  coil.  The  dry 
mple  is  placed  in  a  small  pile  on  one  end  of  a  film-covered  micro- 
ope  slide,  and  the  slide  is  clamped  on  a  wooden  support  with 
e  sample-bearing  end  projecting.  A  metal  plate  is  supported 
lout  0.25  inch  above  the  slide.  A  spark  from  the  coil  is  passed 
veral  times  across  the  bottom  of  the  slide.  The  powder  scatters 
dially  outward  and  usable  areas  may  be  found  around  the  edges 
!  the  slide.  The  spark  cannot  be  applied  directly  to  the  sample, 
nee  it  alters  the  film,  making  it  difficult  to  strip  onto  water, 
his  method  gives  fair  results,  but  is  unsuitable  for  easily  fused 
aterials. 

Dispersions  with  Mills.  Mechanical  dispersions  may  be 
ade  in  ball,  colloid,  rubber,  or  roller  mills,  or  any  others,  but 


these  commercial  mills  require  a  relatively  large  sample,  consume 
considerable  time,  and  in  some  cases  contaminate  the  sample  se¬ 
verely.  It  should  be  remembered  that  nitrocellulose  mixtures 
may  degrade  or  explode  on  milling.  Mortar  and  pestle,  muller 
and  plate,  or  an  all-glass  motor-driven  micromill  (11)  are  cleaner 
and  use  a  smaller  sample,  but  they  have  not  been  found  to  give 
the  most  satisfactory  dispersions.  An  agate  mortar  and  pestle 
are  indispensable  for  very  refractory  materials. 

Dispersion  with  a  Spatula.  The  authors  have  found  that 
the  best  dispersions  for  electron  microscopy  are  made  with  the 
edge  of  a  stiff  spatula  on  a  flat  white  glass  table  with  a  fine-grain 
“suede”  finish.  The  table  is  cleaned  and  re-surfaced  with  No.  600 
Carborundum,  followed  by  a  good  cleansing  powder,  and  liberal 
rinsing.  Plate  glass  surfaced  in  the  same  manner  is  satisfactory. 
The  best  spatulas  are  of  the  straight  palette  knife  type,  with  a 
fairly  stiff  4-inch  blade;  the  edge  should  be  dull,  smooth,  and 
straight,  and  the  blade  kept  polished  brightly  with  fine  emery  pa¬ 
per.  The  use  of  stainless  steel  is  advantageous,  as  some  of  the 
solvents  may  corrode  an  ordinary  steel  blade.  Only  the  largest 
aggregates  are  comminuted  by  being  pressed  directly  against  the 
table  by  the  knife,  since  fine  particles  are  usually  smaller  by  many 
orders  of  magnitude  than  the  average  distance  between  the  rela¬ 
tively  rough  dispersing  surfaces.  Dispersion  is  largely  accom¬ 
plished  by  creating  shearing  forces  in  the  liquid  in  which  the  par¬ 
ticles  are  suspended;  the  greater  the  viscosity  of  that  liquid,  the 
greater  will  be  the  shearing  force  that  can  be  produced.  This 
desirable  condition  is  attained  by  mixing  the  powder  with  a  solu¬ 
tion  of  the  mounting  resin  in  a  solvent  of  moderate  volatility.  As 
the  solvent  slowly  evaporates,  the  mixture  becomes  more  and 
more  viscous.  Just  before  going  to  dryness,  it  has  the  consistency 
of  tar  and  can  be  smeared  out  on  the  dispersion  table. 

The  knife  is  held  with  the  edge  parallel  to  the  table  and  the 
blade  tilted  slightly  in  the  direction  of  smearing,  which  is  normal 
to  the  edge  of  the  knife.  The  mixture  is  rubbed  out  over  an  area 
of  a  few  square  inches,  scraped  up,  and  resmeared  until  it  is  too 
stiff  to  work  without  breaking  the  spatula.  The  mixture  may  be 
wetted  with  more  of  the  same  solvent  and  reworked,  if  the  disper¬ 
sion  is  not  complete.  The  solvent  should  have  sufficiently  low 
volatility  to  give  adequate  rubbing  time,  usually  about  half  an 
hour  for  0.5  cc.  of  mixture.  After  the  initial  mixing,  it  is  not  nec¬ 
essary  to  rub  the  sample  continuously,  since  the  most  effective 
work  is  accomplished  in  the  last  10  minutes,  and  several  disper¬ 
sions  can  thus  be  in  progress  at  the  same  time. 

Particle  Density.  The  proportion  of  dry  pigment  to  resin 
solution  that  will  give  a  mount  of  proper  particle  concentration 
varies  with  the  average  particle  size  of  the  pigment.  The  finer  the 
pigment  ,  the  smaller  is  the  proportion  of  pigment  volume  to  resin- 
solution  volume,  since,  of  course,  a  given  weight  of  a  fine  pigment 
has  a  greater  projected  area  than  an  equal  weight  of  coarser  pig¬ 
ment,  and  consequently  will  produce  a  more  crowded  field.  Thus, 
1  or  2  mg.  of  a  fine  carbon  black  will  be  adequate  for  0.5  cc.  of 
10%  resin  solution,  while  a  bulk  of  a  coarse  lead  white  equal  to  or 
greater  than  that  of  the  resin  solution  will  be  needed  to  produce  a 
sufficiently  concentrated  mount. 

Mounts  for  Electron  Diffraction.  Pigment  mounts  for 
electron  diffraction  must  be  more  dense  than  for  microscopic 
studies,  in  order  to  provide  a  sufficient  number  of  surfaces  for 
diffraction,  so  that  continuous  rings  rather  than  separate  spots 
will  be  formed  on  the  photographic  plate.  It  is  possible  to  obtain 
fairly  satisfactory  micrographs  and  diffraction  patterns  from  the 
same  preparation,  by  making  a  compromise  in  the  particle  density 
between  optimum  density  for  diffraction  and  optimum  density  for 
micrography. 

MOUNTING  DISPERSED  POWDERS 

After  a  powder  has  been  dispersed  in  a  resin,  there  are  several 
methods  for  forming  it  into  a  film  suitable  for  electron  microscopy. 
Each  method  has  its  advantages  and  disadvantages;  conse- 
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Figure  2.  Mounts  Cast  on  Glass 

a.  Phthaloeyanine  green  in  Fomvar 

b.  Attapulgus  clay  in  Formvar 


Figure  3.  Mounts  Spread  on  Water 

a.  Iron  oxide  in  nitrocellulose 

b.  Antimony  oxide  in  nitrocellulose;  although  this  material  volatilizes  in  the 

electron  beam,  the  particle  sue  and  shape  are  clearly  outlined  by  the  nitro- 
cellulose 


quently,  the  choice  of  a  mounting  method  must  be  made  with 
reference  to  the  particular  substance  to  be  studied. 

Cast  Mounts.  Materials  of  colloidal  dimensions  dispersed  in 
a  resin  may  be  resuspended  in  a  fairly  volatile  solvent  and  cast 
onto  a  clean  glass  slide  as  described  above.  The  dry  smear  on  the 
dispersion  table  is  taken  up  with  solvent  and  transferred  to  a  test 
tube.  A  small  amount  of  this  is  placed  in  another  test  tube  and 
diluted  with  the  same  solvent.  From  this  suspension  a  film  is 
if  it  is  not  thin  enough,  the  dilution  is  repeated  and  an¬ 
other  film  formed.  This  procedure  is  continued  until  the  film  be- 
comes  too  thin  to  remain  coherent  when  peeled  onto  the  water: 
the  dilution  just  preceding  this  one  is  used  to  make  the  final  film. 

While  this  method  is  tedious,  it  produces  films  of  exceptional 
thinness  and  clarity,  and  is  the  only  method  suited  to  the  finest 
carbon  blacks  and  organic  pigments.  Formvar  diluted  with  ethyl¬ 
ene  dichloride  is  usually  employed  because  of  its  superior  tough¬ 
ness.  Materials  that  flocculate  while  being  cast  cannot  be 
mounted  in  this  way,  but  another  combination  of  resin  and  sol¬ 
vent  may  sometimes  avoid  flocculation.  Materials  that  have  too 
large  a  particle  size  to  stay  in  suspension  for  several  minutes  can¬ 
not  be  mounted  by  casting,  since  the  larger  sizes  will  settle  out  in 
the  test  tube,  and  the  mount  will  not  properly  represent  the  orig¬ 
inal  sample.  Figure  2  shows  mounts  typical  of  the  casting 
method  and  Table  I  suggests  various  resin  and  solvent  combina¬ 
tions. 

Spread  Mounts.  A  method  modified  from  one  originally  sug¬ 
gested  m  the  RCA  electron  microscope  instruction  book  is  useful 
for  medium-sized  particles  (0.2  to  2  microns) .  For  this  method  the 
dispersed  mixture  is  taken  up  in  a  sol  ent  of  positive  spreading 
c?®?1.clen^>  allowed  to  evaporate  until  it  reaches  the  consistency 
oi  tii in  cream,  and  then  spread  on  water  by  drawing  a  drop  on  the 
5?.  °1  a  spatula  rapidly  across  the  surface.  Screens  are  placed  on 
tain,  carefully  chosen  areas  of  the  spread  film,  removed,  and  dried 
as  usual  (Figure  3). 


This  method  is  quick  and  convenient,  but  has  the  disadva 
tage  that  the  films  often  contain  many  holes  (Figure  4,  a),  f 
reasons  not  clearly  understood.  While  electrostatic  charges 
the  electron  microscope  have  been  blamed  for  this  condition,  tl 
holes  are  often  visible  in  the  light  microscope  when  the  film  is  st 
moist  and  before  it  is  placed  in  the  electron  microscope.  Res 
solutions  containing  surface-active  agents  may  form  lacy  film 
suggesting  surface  activity  as  one  cause  of  hole  formation.  The 
is  probably  also  some  connection  between  hole  formation  ar 
water-solubility,  since  holes  are  readily  formed  in  nitrocellulo: 
films  when  using  the  highly  water-soluble  esters,  methyl  formal 
and  methyl  acetate,  and  also  with  the  highly  insoluble  octyl  a& 
tate.  Solvents  of  moderate  water  solubility  seem  best  for  spreai 
ing  nitrocellulose,  as,  for  example,  amyl  acetate  and  Cellosoh 
acetate.  In  the  case  of  resins  such  as  Formvar  and  polystyren 
which  dissolve  only  in  almost  totally  water-insoluble  solvent 
the  relative  water  solubility  of  the  solvents  seems  to  have  no  infli 
ence  on  hold  formation.  The  holes  in  the  film  are  sometime 
found  concentrated  around  the  edges  of  the  particles  (Figure  4,  a 
indicating  poor  wetting  of  the  particle  by  the  solvent,  but  moi 
frequently  the  holes  have  no  apparent  connection  with  the  pres 
ence  of  particles. 

There  are  other  variables  affecting  the  quality  of  spread  film 
such  as  the  concentration  ratio  of  pigment  to  resin  to  solvent,  th 
cleanliness  and  temperature  of  the  water,  the  speed  with  whic: 
the  knife  carrying  the  suspension  is  drawn  across  the  surface  o 
the  water,  and  most  important,  the  choice  of  area  on  which  t 
place  a  screen,  since  spread  films  are  very  nonhomogeneous.  Th 
procedure  is  highly  empirical,  but  with  a  little  practice  consist 
ently  good  results  can  be  obtained  with  any  powder  to  which  th 
method  is  suited. 

“Draw-Down”  Mounts.  The  most  widely  applicabL 
method  of  mounting  a  dispersed  powder  is  to  make  a  draw-dowi 
on  a  clean  glass  slide,  strip  the  dried  film  onto  water,  and  placi 
screens  on  the  thinnest  areas  (Figure  5,  a,  b,  c,  d).  In  this  methoc 
the  dispersed  mixture  is  suspended  in  a  solvent  of  volatility  equa 
to  or  greater  than  that  used  for  spreading  films  on  water;  it  if 
then  stirred  and  allowed  to  evaporate  to  the  consistency  ol 
heavy  cream ;  the  mixture  is  finally  drawn  down  on  a  clean  glasf 
slide  in  a  series  of  short  strokes,  using  either  the  edge  or  the  tip  oi 
the  spatula.  After  drying,  the  film  is  cut  into  squares  and  floated 
off  onto  water. 

Such  a  film  exhibits  a  great  variation  in  thickness,  and  the 
screens  are  placed  on  the  thinnest  areas.  Even  the  thinnest  areas 
consist  of  microscopic  stripes  of  different  thicknesses  resulting 
from  the  irregularities  of  the  knife  edge.  When  such  a  film  is  ex¬ 
amined  in  the  electron  microscope,  some  screen  holes  are  seen  to 
have  no  film,  and  others  will  be  only  partially  covered,  but  many 
will  be  completely  covered  with  film.  The  irregularities  of  the 
mount  assure  a  large  range  of  particle  density  on  any  one  speci¬ 
men  screen,  so  that  a  field  of  any  desired  density  may  be  found 
upon  sufficient  scanning.  This  type  of  mount  should  be  made 
with  a  somewhat  higher  pigment-resin  ratio  than  the  other  meth¬ 
ods.  Samples  mounted  in  this  manner  exhibit  fewer  holes  and  less 
flocculation  than  other  methods  of  mounting.  If  there  is  some 
tendency  to  flocculation,  it  may  be  minimized  by  employing  a 
more  volatile  solvent  and  making  the  draw-down  more  rapidly. 
By  this  means,  the  particles  are  mechanically  deflocculated  and 
fixed  in  position  by  drying  before  they  have  time  to  reflocculate. 
This  method  is  excellent  for  particles  of  all  sizes  except  the  ex¬ 
tremes  of  fine  and  coarse. 

Draw-Downs  in  Liquids.  Powders  of  the  largest  particle  size 
range  for  which  the  electron  microscope  is  useful  (1  to  10  microns) 
are  mounted  by  a  variation  on  the  draw-down  procedure.  The 
powder  is  wetted  with  a  minimum  amount  of  a  high-boiling  hydro¬ 
carbon  (such  as  ink  oil  No.  896,  Gulf  Refining  Co.,  boiling  point, 
270—315°  C.;  this  oil  must  be  redistilled  under  vacuum  and 
stored  in  a  brown  bottle)  or  dibutyl  phthalate  and  dispersed  on 
the  table.  It  is  then  drawn  down  on  a  film-covered  slide  with 
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Figure  4.  Holes  in  Films  Near  Particles 

a.  Chromium  oxide  in  nitrocellulose,  spread  on  water 

b.  Chromium  oxide  in  nitrocellulose,  drawn  down  on  glass 


Figure  5.  Mounts  Drawn  Down  on  Glass 

a.  Zinc  oxide  in  Formvar 

b.  Ultramarine  in  nitrocellulose 

c.  Iron  blue  in  castor  oil 

d.  Calcium  carbonate  in  a  high  boiling  hydrocarbon 

hort  strokes  as  in  the  resin  draw-down  method.  The  film  is 
ioated  onto  water  and  mounted  on  screens  with  large  holes, 
rhe  hydrocarbon  and  dibutyl  phthalate  are  practically  nonvola- 
ile  at  atmospheric  pressures  and  room  temperatures,  but  dis- 
ppear  completely  in  the  high  vacuum  of  the  electron  microscope. 
The  dispersions  made  by  this  method  are  never  so  complete  as 
n  the  resin  draw-down  method,  since  the  lower  viscosity  of  the 
rydrocarbon  limits  the  shearing  action  that  breaks  the  aggre- 
;ates.  It  is,  however,  possible  to  study  large  particles  stereo- 
copically  to  aid  in  the  differentiation  between  an  aggregate  and 
i  single  particle.  Since  the  particles  are  not  incorporated  in  the 
ilm,  they  seldom  rupture  it  under  electron  bombardment  (Figure 
j,  d). 

Suspensions  of  solids  in  semivolatile  and  nonvolatile  media, 
uch  as  paints  or  printing  inks,  may  be  mounted  for  electron  mi- 
•roscopy  by  smearing  them  onto  film-covered  slides  (<§).  The 
lonvolatile  residues  naturally  cause  the  electron  beam  to  scatter, 
vith  the  result  that  the  images  of  the  particles  are  rather  fuzzy 
Figure  5,  c).  There  is,  however,  an  obvious  advantage  in  study- 
ng  such  material  in  a  condition  as  near  as  possible  to  its  original 
date. 


The  various  methods  of  mounting  powders  can  be  modified 
and  combined  to  suit  different  materials.  For  instance,  a  powder 
in  a  slurry  may  be  drawn  down  on  a  glass  slide,  dried,  and  there¬ 
after  handled  in  the  manner  of  the  turpentine  dispersions.  Dif¬ 
ferent  conditions  will  suggest  different  modifications  of  mounting 
methods,  with  consequent  flexibility  of  application  of  the  electron 
microscope  to  the  field  of  powdered  substances. 
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Calculation  of  Specific  Dispersion  of 
Pu  re  Hydrocarbons  and  Petroleum 
Fractions— Correction 

Above  is  Figure  1  as  it  should  have  appeared  in  connection 
with  the  article  by  M.  R.  Lipkin  and  C.  C.  Martin  entitled 
“Calculation  of  Specific  Dispersion  of  Pure  Hydrocarbons  and 


K°-rw)  « io4 

Figure  1 


Petroleum  Fractions”  [Ind.  Eng.  Chem.,  Anal.  Ed.,  18,  433 
(1946)].  As  will  be  seen,  the  point  for  anthracene  derivatives 
on  the  graph  agrees  with  the  numerical  data  for  this  point  as 
given  in  Table  I,  page  433,  of  the  article.  This  was  not  true  in 
the  figure  published  with  the  article,  owing  to  an  unintentional 
alteration  in  the  process  of  preparing  the  engraving. 

The  Editors 


NOTE  ON  ANALYTICAL  PROCEDURES 


Analysis  of  Boron  Trifluoride  in  Organic  Liquids  (Ethers) 

S.  L.  WALTERS  and  R.  R.  MILLER 

Naval  Research  Laboratory,  Office  of  Research  and  Inventions,  Anacostia  Station,  Washin3ton,  D.  C. 


CONSIDERABLE  difficulty  is  encountered  in  analyzing  boron 
trifluoride  in  organic  liquids  by  conventional  methods  for 
boron  and  fluorine.  This  is  due  in  part  to  the  fact  that  the  hy¬ 
drolysis  of  boron  trifluoride  gives  not  only  a  mixture  of  boric  and 
hydrofluoric  acids,  but  some  fluoboric  acid,  HBF4,  in  addition. 
Several  methods  of  decomposition  have  been  used.  Pflaum  and 
Wenzke  (2)  first  made  a  fusion  in  a  Parr  sulfur  bomb  and  deter¬ 
mined  boron  and  fluorine  in  the  products  of  fusion.  Bowlus  and 
Nieuwland  (1)  heated  with  fuming  nitric  acid  in  a  closed  tube 
to  decompose  the  sample.  Vaughn  and  Nieuwland  ( 3 )  deter¬ 
mined  fluorine  in  organic  compounds  by  the  use  of  liquid  am¬ 
monia  and  sodium,  but  did  not  report  any  results  for  boron. 

A  problem  in  this  laboratory  required  the  routine  determina¬ 
tion  of  boron  trifluoride  dissolved  in  various  low-boiling  ethers. 
These  solutions  contained  no  nonvolatile  matter.  A  convenient 
method  of  analysis  was  developed  based  on  the  reaction  of  boron 
trifluoride  with  sodium  fluoride  to  form  sodium  fluoborate.  This 
compound  is  stable  and  can  be  heated  to  200 0  to  300 0  C.  with  no 
appreciable  decomposition;  therefore,  the  method  should  apply 
to  organic  solvents  with  rather  high  boiling  points. 

PROCEDURE 

About  5  grams  of  anhydrous  sodium  fluoride  were  placed  in  a 
100-ml.  wide-mouthed  extraction  flask,  and  the  flask  was  stop¬ 


pered  and  weighed.  Approximately  2  grams  of  the  sample  were 
placed  in  a  tared  lo  X  40  mm.  weighing  bottle  and  weighed 
Samples  were  conveniently  transferred  with  a  small  hypodermic 
syringe  and  in  a  dry-box,  since  boron  trifluoride  compounds  are 
very  hygroscopic. 

The  weighing  bottle  and  sample  were  placed  in  the  flask  with 
tweezers,  the  stopper  was  removed,  and  the  flask  was  attached 
to  a  reflux  condenser.  After  refluxing  for  about  30  minutes, 
the  flask  was  removed  and  the  liquid  evaporated  on  a  hot  plate. 
The  flask  was  stoppered,  cooled,  and  weighed.  The  gain  in 
weight  minus  the  tare  of  the  weighing  bottle  gave  the  weight 
of  boron  trifluoride  in  the  sample. 

Analysis  by  this  method  was  found  to  be  reliable  and  accurate 
within  0.5%. 

Three  analyses  on  a  single  sample  of  boron  trifluoride  ethyl 
etherate  gave  48.3,  48.1,  and  48.5%  boron  trifluoride;  the 
theoretical  boron  trifluoride  content  was  47.8%.  Additional 
work  on  mixed  butyl  and  ethyl  etherates  indicated  satisfac¬ 
tory  results  with  this  method. 
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CORRESPONDENCE 


Effect  of  Acetic  Acid  on  the  Spectrophotometric  Estimation  of 
Gossypol  in  Aqueous  Alcoholic  Solution 


Sir:  Since  publication  of  an  improved  rapid  method  for  the  deter¬ 
mination  of  gossypol  ( 1 )  it  has  been  found  with  different  lots  of  alcohol 
that  the  intensity  of  the  color  and  the  precision  of  the  analyses  de¬ 
pend  upon  the  acidity  of  the  alcohol  used. 

Very  satisfactory  results  are  obtained  when  sufficient  acetic  acid 
(0.1  to  0.2  ml.  per  liter)  is  present  to  give  the  95%  alcohol  an  acidity 


Table  I.  Effect  of  Acetic  Acid  on  Development  of  Color  of 
Dianilino  Gossypol  in  Aqueous  Alcohol 

[As  measured  by  per  cent  transmittance0  at  445  m n  (6  determinations  each 

concentration)  ] 


Per  Cent  Transmittance 


0.025  Mg.  of  Gossy¬ 

pol  per  25  Ml. 

0.100  Mg.  of  Gossy- 

pol.per  25  Ml. 

0.175  Mg.  of  Gossy¬ 
pol  per  25  Ml. 

No 

AcOH 

0.2  Ml. 
of  AcOH 
per  liter 

No 

AeOH 

0.2  Ml. 
of  AcOH 
per  liter 

No 

AcOH 

0.2  Ml. 
of  AcOH 
per  liter 

Lowest 

Highest 

Mean 

77.4 

92.0 

82.38 

74.0 

76.4 

74.96 

35.7 

47.5 

41.03 

30.4 

31.6 

30.93 

15.6 

24.5 

22.32 

12.4 

13.0 

12.96 

°  Coleman  double 

monochrometer  spectrophotometer. 

of  0.002  to  0.004  N.  The  upper  limit  of  acidity  is  not  critical,  since 
as  much  as  6  ml.  of  glacial  acetic  acid  per  liter  may  be  used. 

Table  I  shows  that  the  addition  of  only  0.2  ml.  of  glacial  acetic 
acid  per  liter  of  alcohol  increases  the  intensity  of  the  color  and  greatly 
reduces  the  variation  between  replicate  determinations.  The  acid 
added  increased  the  normality  from  0.0003  to  0.0037.  The  equation 
for  the  concentration-log  transmittance  curve  for  all  data  with 

2  _  Jog 

acidified  alcohol  is:  mg.  of  gossypol  in  25  ml.  =  - - — .  This 

5.017 

equation  agrees  with  that  previously  found  and  published. 

It  is  recommended  that  in  the  determination  of  gossypol  by  the 
previously  published  method  (i)  the  alcohol  used  for  the  extraction 
be  adjusted  to  an  acidity  between  0.002  and  0.004  V  with  acetic  acid* 
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Determination  of  Extinction  Corrections  in  Infrared 
Analysis  of  Gaseous  Hydrocarbon  Mixtures 
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ifrared  analysis  of  gaseous  hydrocarbon  mixtures  involves  determi- 
ation  of  extinctions  for  the  individual  components.  Experimental 
ata  must  be  corrected  for  second-order  effects  due  to  energy  scat- 
;red  within  the  instrument,  the  structure  of  the  absorption  band,  and 
itermolecular  action.  A  simple  relationship  permits  correction 
jr  these  deviations.  The  method  simplifies  the  work  connected 
'ith  the  calibration  or  recalibration  of  a  spectrophotometer.  Use 
f  a  reference  substance  is  suggested  as  a  diluting  agent  in  cases 
'here  molecular  interaction  influences  absorption. 

NFRARED  absorption  spectrophotometry  is  slowly  acquiring 

an  important  position  in  the  routine  testing  of  light  hydro- 
arbon  mixtures.  Speed  is  one  of  the  important  requirements  of 
hese  methods,  and  because  much  time  may  be  lost  in  computing 
he  results  of  infrared  analysis,  development  of  abbreviated  pro- 
edures  for  such  calculations  becomes  of  considerable  importance. 

•  In  the  infrared  analysis  a  certain  proportion  of  time  is  spent  in 
stimating  corrections  for  second-order  effects,  the  magnitude  of 
•hich  varies  with  the  pressure  and  composition  of  the  hydrocar- 
on  mixtures.  The  normal  procedure  involves  the  use  of  several 
orrection  factors,  but  their  separate  determination  and  practical 
pplication  are  somewhat  tedious  because  of  the  absence  of  a 
traight-line  relationship  between  the  factors  involved  {1-6). 
"he  present  paper  describes  a  simple  method  for  developing 
uch  relationships  which  has  been  in  successful  use  for  a  number 
f  years  in  these  laboratories. 

Infrared  analysis  is  based  on  the  law  of  Beer  and  Lambert, 
.hich  is  applicable  to  monochromatic  radiation  as  absorbed  by 
n  ideal  absorbing  medium.  The  law  states  that  for  equal  in- 
lensities  of  transmitted  light  the  concentration  of  the  absorbing 
latter  is  inversely  proportional  to  the  thickness  of  the  absorbent 
lyer.  On  this  basis  the  following  expression  gives  the  relation- 
bip  between  the  number  of  molecules,  n,  distributed  along  the 
,  ath  of  the  radiation  and  the  extinction,  E: 

n  =  kE  (1) 

•  here  k  is  a  constant.  The  extinction  is  obtained  as  the  loga- 
ithm  of  the  ratio  of  the  incident  to  the  transmitted  radiation 
itensities.  Radiant  energy  absorption  expressed  in  this  form 
>  useful  in  infrared  analysis  because  of  the  near  approach  in 
ctual  practice  to  the  relationship  expressed  in  Equation  1. 
lowever,  it  is  frequently  necessary  to  consider  a  small  correc- 
ion  term  to  bring  about  linearity. 

The  extinction  contributions  of  individual  absorbing  substances 
re  considered  numerically  additive,  subject  to  certain  conditions 
.‘hich  are  taken  into  account  below.  In  analyzing  mixtures 
ttempts  are  made  to  select  some  specific  wave  length  for  each 
idividual  component  at  which  interference  from  the  absorp- 
ion  bands  of  other  components  present  will  be  negligible.  This 


seldom  can  be  achieved  in  practice  and,  as  a  result,  a  system  of 
simultaneous  equations  must  be  solved  in  order  to  establish  the 
effect  produced  on  the  observed  extinction  by  the  extinction  con¬ 
tributions  from  each  of  the  individual  constituents  of  the  mix¬ 
ture,  so  that  they  may  be  subtracted  in  effect.  Either  before 
proceeding  with  or  during  the  course  of  these  calculations  the 
values  of  the  observed  extinctions  must  be  corrected  for  the 
following  sources  of  error  in  their  measurements: 

1.  Correction  for  the  energy  scattered  within  the  instrument 
and  reaching  the  recording  device  by  a  circuitous  path.  This  cor¬ 
rection  is  regarded  as  an  instrumental  factor.  Various  methods 
are  in  use  for  making  this  correction,  such  as  subtracting  a  small 
numerical  value  from  the  energy  readings  {1,  3,  4). 

2.  Correction  for  the  energy  received  by  the  recording  device 
from  bands  other  than  the  one  under  investigation.  This  correc¬ 
tion  is  for  that  energy  portion  of  the  optical  beam  which  is  not 
materially  affected  by  the  sample.  It  is  exhibited  in  the  case 
of  an  absorption  band  of  the  narrow  or  line  type  of  structure  and 
is  the  so-called  error  of  band  shape  and  finite  slit  widths  {3,  5). 
The  emphasis  here  on  the  energy  consideration  is  that  from  the 
energy  viewpoint  this  source  of  error  can  be  treated  in  a  manner 
similar  to  that  in  the  case  of  the  first  type  of  error. 

3.  Correction  necessitated  by  the  unique  absorption  response 
exhibited  by  certain  molecules  in  the  presence  of  other  molecules. 
This  effect  comes  under  the  heading  of  pressure  broadening  of  a 
band  (5). 

The  proposed  correction  method  outlined  below  makes  it  clear 
that  carefully  planned  auxiliary  experiments  will  be  required  to 
distinguish  and  identify  the  type  of  effect  being  corrected,  since 
the  effects  themselves  are  of  dissimilar  origin  and  are  yet  cor¬ 
rected  in  a  similar  manner.  For  simplicity  all  these  corrections 
may  be  regarded  as  a  single  correction  for  a  particular  curve. 
This  can  be  considered  as  part  of  the  simplification  introduced  by 
the  present  method. 

By  plotting  observed  extinction,  E0,  for  an  individual  hydro¬ 
carbon  against  partial  pressure  a  curve  is  obtained.  A  differ¬ 
ence,  A E,  will  be  exhibited  between  the  observed  extinction 
and  the  theoretical  extinction.  This  is  demonstrated  in  Figure  1. 

Inspection  of  a  large  number  of  curves  of  the  above  type  shows 
that  for  a  particular  curve: 

1.  Deviations  from  the  theoretical  tangent  increase  with  in¬ 
crease  in  magnitude  of  the  observed  extinction. 

2.  The  magnitude  of  the  deviation  or  correction  depends  on 
the  magnitude  of  the  extinction  and  is  independent  of  the  nature 
and  the  pressure  of  the  other  hydrocarbons  present,  subject  to 
the  establishment  of  certain  experimental  conditions. 

3.  Corrections  to  be  applied  to  the  observed  extinctions  are 
proportional  to  the  square  of  these  values.  Mathematically  this 
relationship  may  be  expressed  as  follows: 

Ec  =  Eo  (1  +  cxEo)  (2) 

where  Ec  is  the  corrected  extinction. 
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The  numerical  value  of  the  coeffi¬ 
cient,  a,  varies  with  the  instrument  and 
instrument  setting  and  should  be  de¬ 
termined  experimentally  as  described 
further  below. 

The  simplifications  developed  in  this 
work  involve  the  direct  application  of 
corrections  to  the  observed  extinctions. 
Usually  only  one  curve  at  a  given  wave 
length  requires  correction.  However,  in 
a  case  where  two  curves  at  the  same 
wave  length  require  corrections  an  ap¬ 
proximate  correction  can  be  assigned, 
and  after  the  calculations  are  carried 
out,  the  exact  correction  may  be  esti¬ 
mated  and  applied. 

Examples  of  bands  which  may  be 
selected  for  routine  inspection  of  hydro¬ 
carbon  mixtures  and  which  follow  the 
above  rules  are  shown  in  Table  I. 
This  tabulation  is  by  no  means  exhaus¬ 


CORRECTED  PRESSURE  (MM.HG) 

Figure  1.  Deviation  of  Observed  and 
Theoretical  Extinctions 


Figure  2.  Relation  of  Corrected  Extinc¬ 
tion  to  Observed  Extinction 


tive  with  respect  to  the  hydrocarbons  enumerated  or  to  other 
absorption  bands  associated  with  the  individual  hydrocarbons 
listed. 

Practical  application  of  the  suggested  correction  method  for 
the  observed  extinction  values  may  be  visualized  from  the  fol¬ 
lowing  detailed  description  of  the  individual  steps  in  calibrating 
or  recalibrating  an  instrument  . 

1.  Determine  the  extinctions  at  various  partial  pressures  for 
absorption  bands,  each  of  which  shows  the  largest  possible  devia¬ 
tion  from  a  straight  line  at  the  instrument  settings  to  be  used. 
The  isobutane  band  of  the  approximate  wave  length  8.4  microns 
is  a  suitable  example  for  this  purpose.  Plot  these  extinctions 
against  partial  pressures  reduced  to  the  reference  temperature 
and  corrected  for  differences  in  deviation  from  the  ideal  gas  laws 
(Figure  1). 

2.  Draw  a  tangent  to  the  above  curve  passing  through  the 
origin.  This  tangent  represents  the  theoretical  values  of  the 
corresponding  observed  extinctions  and  the  corrected  extinctions 
computed  by  the  use  of  Equation  2  should  fall  closely  along  this 
tangent. 

3.  Determine  the  difference  between  the  theoretical  and  the 
observed  extinctions  at  some  suitable  arbitrary  pressure.  In 
order  to  minimize  the  error  in  further  calculations  the  largest 


difference  which  corresponds  to  the  highest  partial  pressure  should 
be  selected. 

As  it  follows  from  further  description,  establishment  of  the 
complete  curve  for  observed  extinctions  at  varying  pressures  is 
necessary  only  for  locating  the  position  of  the  tangent.  After 
this  position  is  established  one  point  on  the  observed  extinction 
curve  is  sufficient  to  locate  the  remainder  of  the  curve.  If  this 
method  is  used,  selection  of  the  point  and  its  very  exact  location 
become  of  primary  importance. 

4.  Determine  the  value  of  the  coefficient,  a,  in  Equation  2 
from  the  data  obtained  under  item  3.  Using  this  value,  plot  the 
corrected  extinctions  against  the  observed  extinctions  by  em¬ 
ploying  this  equation  and  substituting  different  values  for  E„ 
(Figure  2).  In  some  instances  a  plot  of  observed  extinctions 
against  the  correction  factors  is  advantageous. 

By  assuming  the  validity  of  Equation  2,  a  mathematical 
method  may  be  readily  developed  by  which  a  may  be  deter¬ 
mined  directly  from  the  experimental  data. 

As  a  further  illustration,  the  following  example  is  given  of  a 
practical  application  of  the  developed  relationships. 

Assume  that  an  extinction  corresponding  to  a  certain  band 
representing  a  hydrocarbon  in  a  mixture  under  analysis  has  been 
determined  as  E„,  and  the  extinction  as  determined  for  the  pure 
hydrocarbon  is  Eop.  Referring  to  Figure  2,  the  corresponding  cor¬ 
rected  extinctions  would  be  Ec  and  Ecp.  Therefore,  the  per  cent 
hydrocarbon  in  the  mixture  is  equal  to 


Table  I.  Absorption  Bands  of  Hydrocarbons  Suitable  for  Use  with 
Proposed  Correction  Method 


Hydrocarbon 

Approximate 
Wave  Length, 
Microns 

Methane 

7.6 

Ethylene 

5.2 

Ethane 

12.0 

Propane 

13.2 

Isobutane 

8.4 

Butene- 1 

5.5 

Butadiene-1,3 

6.3 

cj's-Butene-2 

10.2 

n-Butane 

10.2 

Isopentane 

10.2 

2-Methylbutene-l 

11.0 

Dimethylbutane-2,3 

8.7 

Table  II.  Comparison  of  Observed,  Corrected,  and  Theoretical 
Values  of  Extinctions  for  n-Pentane 

(Wave  length  13.7  microns,  various  pressures.  Corrections  for  deviations 
attributed  to  scattered  energy) 


Partial  .  Deviation  from 

Pressure,  _ Extinction _  Theoretical,  % 


Mm.  Hg 

Observed 

Corrected 

Theoretical 

Observed 

Corrected 

50 

0.076 

0,077 

0.076 

0.0 

1.3 

100 

0.151 

0  154 

0.152 

0.7 

1.3 

150 

0.222 

0.228 

0.228 

2.6 

0.0 

200 

0.293 

0.303 

0.304 

3.6 

0.3 

250 

0  363 

0.379 

0.380 

4.6 

0.3 

300 

0.453 

0.455 

0.456 

5.0 

0.2 

In  the  above  example  no  corrections  are  shown  regarding  the 
interferences  in  the  absorption  band  that  may  be  caused  by 
other  hydrocarbons  present.  These  corrections  are  made  by 
solving  a  series  of  simultaneous  equations  as  described  in  stand¬ 
ard  manuals. 

The  accuracy  of  the  described  correction  method  may  be 
visualized  from  the  following  typical  examples. 

CORRECTION  FOR  SCATTERED  ENERGY 

To  illustrate  the  accuracy  of  the  correction  method  as  applied  to 
scattered  energy,  measurements  were  taken  with  a  metal  shuttei 
on  ?i-pen tane  at  wave  length  13.7  microns  where  sufficient  inten¬ 
sity  of  scattered  energy  is  present  for  tests.  When  the  71-pen¬ 
tane  band  is  tested  by  means  of  a  transmitting  LiF  shutter,  the 
measurements  give  a  straight-line  relationship.  Thus  the  devia¬ 
tions  obtained  in  the  extinctions  estimated  from  measurements 
made  with  a  metal  shutter  may  be  readily  attributed  to  scattered 
radiation  within  the  instrument.  As  shown  in  Table  II,  the 
deviations  between  the  corrected  and  theoretical  extinctions 
are  well  within  the  experimental  error  of  such  measurements. 
The  value  of  a  as  applied  in  this  instance  is  0.12. 
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Table  III.  Comparison  of  Observed,  Corrected,  and  Theoretical 
Values  of  Extinction  for  Isobutane 

(Wave  length  8.4  microns,  various  pressures.  Corrections  for  deviations 
attributed  to  band  structure) 


Partial 

Extinction 

Deviation  from 
Theoretical,  % 

Mm.  Hg 

Observed 

Corrected 

Theoretical 

Observed 

Corrected 

50 

0.150 

0.154 

0.154 

2.6 

0.0 

100 

0.291 

0.307 

0.309 

5.8 

0.6 

150 

0.427 

0.462 

0.463 

7.8 

0.2 

200 

0.558 

0.618 

0.618 

9.7 

0.0 

250 

0.681 

0.769 

0.772 

11.8 

0.4 

300 

0.794 

0.914 

0.926 

14.2 

1.3 

Table  IV.  Comparison  of  Observed,  Corrected,  and  Theoretical 
Values  of  Extinctions  for  Methane  in  Air 

(Wave  length  7.6  microns,  total  pressure  of  400  mm.  Corrections  for 
deviations  attributed  principally  to  pressure  broadening) 


Partial 

Extinction 

Deviation  from 
Theoretical,  % 

Mm.  Hg 

Observed 

Corrected 

Theoretical 

Observed 

Corrected 

10 

0.048 

0.063 

0.069 

30.4 

8.4 

20 

0.084 

0.137 

0.138 

39.1 

0.1 

30 

0.114 

0.213 

0.206 

44.6 

1.0 

40 

0.138 

0.282 

0.276 

50.0 

2.2 

50 

0  160 

0.354 

0.344 

■  53.5 

2.9 

60 

0.178 

0.421 

0.413 

59.6 

1.9 

70 

0.196 

0.484 

0.481 

59.2 

0.6 

80 

0.212 

0.553 

0.551 

61.4 

0.4 

90 

0.225 

0.612 

0.620 

63.7 

1.3 

CORRECTION  FOR  BAND  STRUCTURE 

The  deviations  shown  by  isobutane  at  the  wave  length  8.4 
-nicrons  are  taken  to  show  the  application  of  the  correction 
nethod  to  an  instance  where  band  structure  is  the  factor  involved, 
fsobutane  does  not  exhibit  pressure  broadening  of  the  band  at 
;his  wave  length  (5)  and  the  deviations  are  attributed  to  band 
Tape  (3) .  Both  the  scattered  energy  of  the  instrument  on  which 
these  tests  were  made  and  the  possibility  of  pressure  broadening 
were  checked  in  this  laboratory  for  the  wave-length  setting  used 
rnd  found  to  be  negligible.  A  value  of  0.19  for  the  coefficient  a 
s  applied  in  this  case.  Results  are  shown  in  Table  III. 

It  is  clear  that,  within  the  experimental  error,  the  proposed 
nethod  applies  to  the  correction  of  effects  arising  from  band 
structure.  This  correction  is  characteristic  of  the  band  and  there- 
ore  subject  to  experimental  restrictions  making  modification  of 
he  calculation  procedure  necessary  in  some  cases. 


CORRECTION  FOR  MOLECULAR  INTERACTION 

The  complex  optical  effects  observed  in  the  case  of  certain 
rases,  of  which  methane  is  an  example,  have  been  repeatedly 
nentioned  in  the  literature  (5).  It  appears  from  these  descrip¬ 
tions  that  certain  absorption  bands  which  fall  into  this  category 
ire  not  particularly  desirable  for  analytical  purposes  where  exact 
quantitative  information  is  sought.  However,  the  correction  of 
this  type  of  band  is  possible. 

In  cases  where  band  broadening  occurs,  the  absorption  for  the 
(as  under  investigation  is  influenced  not  only  by  the  total  pres¬ 
sure  on  the  sample,  but  also  by  the  nature  of  the  molecules  pres¬ 
ent,  as  is  clearly  shown  in  Figure  3.  However,  in  such  cases  a 
single  calibration  curve  for  the  absorber  can  be  made  to  suffice 
iy  using  a  reference  substance  such  as  air  as  a  diluting  agent, 
so  that  the  variations  in  the  deviations  due  to  the  foreign  sub¬ 
stances  present  are  made  conveniently  small. 

Thus,  if  a  sample  is  appropriately  diluted  and  a  fixed  total 
oressure  is  used,  Equation  2  holds  for  the  correction  listed  under 


Table  V.  Comparison  of  Actual  and  Determined  Compositions  of 
Several  Synthetic  Blends 


Air 

Present, 

Mole  % 

Sample  1 

5.4 

Found, 

Mole  % 

5.6 

Deviation, 
Mole  % 

0.2 

Methane 

85.3 

86.3 

1.0 

Ethylene 

0.6 

0.0 

0.6 

Ethane 

4.8 

5.1 

0.3 

Propylene 

0.0 

0.0 

0.0 

Propane 

3.9 

3.0 

0.9 

Methane 

Sample  2 

5.1 

5.1 

0.0 

Ethylene 

19.9 

18.9 

1.0 

Ethane 

28.4 

29.5 

1.1 

Propylene 

21.6 

22.7 

1.1 

Propane 

25.0 

23.8 

1.2 

Air 

Sample  3 

11.7 

11.7 

0.0 

Methane 

38.2 

39  7 

1.5 

Ethylene 

9.9 

8.7 

1.2 

Ethane 

17.3 

17.5 

0.2 

Propylene 

8. 1 

7.9 

0.2 

Propane 

14.8 

14.5 

0.3 

item  3.  This  may  be  visualized  from  the  laboratory  data  shown 
in  Table  IV;  a  in  this  case  is  7.59.  The  deviations  of  the  cor¬ 
rected  values  are  well  within  the  accuracy  of  the  measurements. 

ANALYSIS  OF  SYNTHETIC  BLENDS 

Table  V  shows  the  order  of  accuracy  secured  under  actual  ana¬ 
lytical  conditions.  Synthetic  blends  were  analyzed  by  diluting 
with  air  as  described  above.  The  hydrocarbon  components  were 
determined  directly,  while  the  air  content  of  the  original  sample 
was  obtained  by  difference.  The  deviations  between  the  syn¬ 
thetic  and  calculated  analyses  are  within  the  experimental  error 
of  the  measurements. 
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Identification  of  Organic  Compounds  by  Use  of 
Chromium  Target  X-Ray  Diffraction  Powder  Patterns 

F.  W.  MATTHEWS  AND  J.  H.  MICHELL 
Canadian  Industries  Limited,  Central  Research  Laboratory,  McMasterville,  Quebec 


A  study  was  made  of  the  x-ray  diffraction  powder  diagrams  of  a 
series  of  solid  derivatives  (anilides)  of  saturated  aliphatic  acids. 
It  has  been  found  that  the  use  of  chromium  target  x-radiation  gives 
patterns  of  increased  dispersion  with  the  result  that  each  member  of 
the  homologous  series  Ci  to  Ci8  can  readily  be  distinguished  and 
identified.  Structural  isomers  within  the  series  may  also  be  identi¬ 
fied.  Technical  details  on  the  use  of  chromium  radiation  for  powder 
diffraction  work  are  described.  Tables  of  powder  diffraction 
measurements  are  given. 

THE  use  of  x-ray  diffraction  patterns  for  the  identification  of 
crystalline  material  was  outlined  by  Hull  (10)  in  1919  when  he 
showed  that  a  crystalline  substance  gives  a  diffraction  pattern 
which  is  always  the  same  for  the  same  substance,  and  is  suffi¬ 
ciently  different  from  many  of  its  chemical  homologs  to  enable 
identification  to  be  made.  The  application  of  the  method  has 
been  mainly  confined  to  inorganic  compounds  and  minerals;  the 
number  of  crystalline  organic  compounds  recorded  is  relatively 
small.  Of  the  one  thousand  patterns  listed  by  Hanawalt,  Rinn, 
and  Frevel  (9),  forty-nine  are  of  organic  compounds.  This  is  due 
in  part  to  the  complex  nature  of  the  powder  patterns  resulting 
from  crystals  of  comparatively  low  symmetry.  This  condition 
should  be  improved  if  greater  dispersion  of  the  pattern  were  ac¬ 
complished  by  the  use  of  radiation  of  longer  wave  length  and/or 
larger  camera  diameter  and  necessary  refinement  of  collimator 
design.  These  difficulties  were  discussed  at  a  recent  meeting  in 
England  on  the  subject  of  physical  methods  of  identification  of 
materials,  reported  by  Bannister  (2).  At  this  meeting  Bunn  sug¬ 
gested  the  use  of  larger  camera  diameter  to  give  greater  pattern 
dispersion. 

The  use  of  x-ray  powder  diffraction  patterns  for  the  identifi¬ 
cation  of  organic  compounds  poses  certain  unique  problems. 
For  example,  the  success  or  failure  of  the  method  in  identifying 
individual  members  of  a  homologous  series  will  depend  upon  the 
extent  to  which  an  additional  methylene  group  affects  the 
powder  pattern  of  a  typical  member  of  the  series.  The  differences 
between  the  patterns  for  each  adjacent  member  must  be  suffi¬ 
ciently  clear  to  establish  identification.  Similarly,  the  patterns 
for  structural  isomers  must  be  distinctive.  Rodgers  (2)  reported 
that  in  almost  all  cases  powder  patterns  have 
proved  exact  enough  to  discriminate  unambigu¬ 
ously  between  different  organic  compounds,  even 
those  of  essentially  similar  chemical  structure. 

Recent  work  by  McKinley,  Nickels,  and  Sidhu 
on  the  identification  of  phenols  (13)  and  by 
Clarke,  Kaye,  and  Parks  (5)  on  the  identifica¬ 
tion  of  aldehydes  and  ketones  by  means  of  x-ray 
diffraction  powder  patterns  clearly  showed  the 
applicability  of  the  method.  No  published 
powder  data,  however,  were  available  with  which 
to  evaluate  the  ability  of  the  method  to  distin¬ 
guish  between  each  member  of  a  homologous 
series,  or  of  a  number  of  structural  isomers. 

For  the  present  work,  the  anilides  of  the 
saturated  aliphatic  acids  were  chosen.  The 
identity  of  the  anilides  could  readily  be  checked, 
as  ample  melting  point  data  were  available  (11). 

These  same  anilides  have  been  investigated  by 
Robertson  (16)  for  the  purpose  of  relating 
melting  point  and  molecular  structure. 


X-RAY  APPARATUS  AND  TECHNIQUE 

General  Electric  XRD  Type  I  diffraction  equipment  was  used 
in  recording  the  powder  patterns.  Increased  pattern  dispersion 
was  accomplished  by  the  use  of  chromium  K-a  ( \  =  2.285  kX) 
radiation.  The  effect  on  pattern  dispersion  of  tins  longer  wave¬ 
length  radiation  is  illustrated  in  Figure  1.  A  very  marked  im¬ 
provement  in  pattern  dispersion  and  definition  will  be  seen  in  the 
change  from  molybdenum  K-a  (\  =  0.708  kX)  and  copper  K-a 
(\  =  1.537  kX).  The  same  pattern  dispersion  could  be  accom¬ 
plished  by  the  use  of  larger  camera  diameters  but  the  refinement 
in  the  collimator  system  required  to  give  suitable  definition  of 
the  pattern,  together  with  the  increased  target  to  specimen  and 
specimen  to  film  distances,  would  require  longer  exposure  times. 
The  source  of  chromium  radiation  was  a  General  Electric  CA-6 
Coolidge  type  tube  with  beryllium  metal  windows.  The  use  of 
beryllium  metal  as  the  window  of  the  tube  is  reported  by  Atlee 
(1)  to  give  greatly  increased  useful  intensity  for  wave  length  of 
x-radiation  larger  than  1 . 5  kX. 

The  filter  used  to  pass  essentially  the  K-a  wave  length  was 
made  from  vanadium  pentoxide  (c.p.,  supplied  by  Eimer  and 
Amend,  New  York,  N.  Y.)  ground  in  cellulose  acetate  or  nitrate 
cement  (14)-  (Duco  Household  cement  was  found  very  satis¬ 
factory.)  The  mixture  was  thinned  with  amyl  acetate  and 
spread  on  glass  to  give  a  uniform  film.  After  evaporation  of  the 
solvent,  the  film  was  stripped  from  the  glass  plate  under  water. 
The  concentration  found  to  give  satisfactory  removal  of  the  Cr 
K-A  lines  wae  15  mg.  of  vanadium  pentoxide  per  square  centimeter. 
This  figure  was  determined  by  a  series  of  powder  photographs 
of  sodium  chloride  taken  with  a  range  of  concentrations  of  vana¬ 
dium  pentoxide  in  the  filter.  The  concentration  at  which  the 
(200)  reflection  due  to  K-fl  was  barely  detectable  was  considered 
satisfactory.  The  powder  camera  used  was  that  of  the  General 
Electric  XRD  unit,  the  diameter  being  143.2  mm.  The  speci¬ 
men  was  mounted  in  a  wedge,  which  was  adjusted  in  the  camera 
by  sighting  through  the  pinhole  collimator  to  intercept  one  half 
of  the  beam.  The  tube  was  operated  at  a  potential  of  35  kv.  and 
a  current  of  15  ma.  Using  Eastman  Type  K  radiographic  film 
the  exposure  time  required  was  about  4  hours. 

The  relative  intensities  of  the  lines  of  the  powder  diffraction 
pattern  should  refer  to  randomly  oriented  powders.  In  the  case 
of  organic  compounds  which  crystallize  in  needles  or  plates,  this 
condition  is  experimentally  difficult  to  obtain  particularly  in  the 
case  of  wedge  specimen  mounts.  The  samples  used  were  carefully 
ground  in  an  agate  mortar.  In’  the  case  of  one  particularly 
plate-like  material,  propionanilide,  a  second  sample  was  ground 
with  Pyrex.  No  significant  variation  in  relative  line  intensity 
was  noted  when  compared  to  the  previous  photograph.  The 
Pyrex  adds  considerably  to  the  absorption  in  the  specimen. 


Effect  of  chan9e  of  x-ray  wave  length  on  pattern  dispersion  and  resolution 
Top.  Mo  K-a  radiation,  X  =  0.7*) 

Middle.  Cu  K-a,  X  =  1.54  *X 
Bottom.  Chromium  radiation,  X  =  2.29  1 X 
Camera  diameter  143.2  mm. 


Figure  1 .  X-Ray  Powder  Diffraction  Patterns  of  Acetanilide 


662 


ANALYTICAL  EDITION 


663 


[ovember,  1946 


Table  1. 

Melting  Points 

No.  of 

Carbon  Atoms 

of  Anilides  of  Aliphatic  Acids 

Melting 

Point,  0  C. 

(This 

Acid 

in  Acid 

Research) 

Melting  Point,  0  C.  (//) 

ormic 

1 

47.6 

50 

cetio 

2 

113.6 

114.1 

ropionic 

3 

104 

104-104 . 5, 105.6 

-Butyric 

4 

93.5 

92,96,97 

sobutyric 

4 

102.5 

104-105,  105 

-Valeric 

5 

63 

61-62,62-63,63 

iovaleric 

5 

109 

109.5, 109-110, 110 

-Methylbutyric 

5 

109 

105.5-106.5,  108,  110-111 

ivalic 

5 

132 

128,  132-133 

■Caproic 

6 

94.5 

92,94-5,96 

iocaproic 

6 

111 

110.5,  111.5,  112 

nanthic 

7 

64 

64,  65,  69 

aprylic 

8 

54 

55,57 

elargonic 

9 

57.5 

57 

apric 

10 

68 

70 

ndecylic 

11 

70 

71 

auric 

12 

78 

76.5,78 

fyristic 

14 

85 

80-82, 84 

almitic 

16 

91 

90.5,90.6 

tearic 

18 

95 

94,95.5 

indemann  glass  or  beryllium  metal  powder  might  give  improved 
isults. 

PREPARATION  OF  ANILIDES 

Formanilide  was  prepared  by  boiling  an  equimolar  mixture  of 
7%  formic  acid  and  aniline  until  the  temperature  of  the  mix- 
ire  reached  280°  C.  (18).  The  product  was  recrystallized  from 
iw-boiling  petroleum  ether.  By  refluxing  together  equimolar 
uantities  of  the  acid  and  freshly  distilled  aniline  for  2  to  3  hours 
le  following  anilides  were  prepared:  acetanilide  (19),  propi- 
aanilide  (6),  n-butyranilide,  isobutyranilide,  a-methylbutyr- 
ailide,  pivalanilide,  and  caproanilide  (12).  The  anilides  of 
-valeric,  isovaleric,  and  isocaproic  acids  were  prepared  (7)  by 
iding  aniline  to  a  benzene  solution  of  the  corresponding  acid 
iloride  in  the  proportion  of  2  moles  of  aniline  to  1  of  acid  chlo- 
de.  In  each  case  the  mixture  was  brought  to  gentle  reflux  for 
J  minutes,  then  cooled,  and  the  aniline  hydrochloride  removed  by 
Itration.  Evaporation  of  the  filtrate  gave  the  crude  crystalline 
lilide.  In  the  same  way  the  anilides  of  undecylic,  lauric  (4), 
tyristic,  palmitic  (7),  and  stearic  acids  were  prepared  (8).  The 
ailides  of  enanthic,  caprylic,  pelargonie,  and  capric  acids  were 
atained  by  heating  equimolar  proportions  of  the  acid  and  aniline 
i  sealed  tubes  at  a  temperature  of  160°  to  190°  C.  for  2  hours 
'5).  In  general  it  was  found  that  the  anilides  of  lower  members 
?  the  series  (C2  to  C&)  could  be  crystallized  readily  from  ethanol- 
ater  mixtures,  the  intermediate  members  (C6  to  Cn)  could  be 
•ystallized  from  petroleum  ether,  and  the  higher  members 
On  to  Cig)  could  be  crystallized  from  benzene. 

The  melting  points  of  the  prepared  anilides,  as  well  as  the 
alues  given  in  the  literature,  are  given  in  Table  I. 

DISCUSSION  OF  POWDER  DIFFRACTION  DATA 

The  powder  diffraction  data  for  the  anilides  of  the  normal 
.iphatic  acids  from  Ci  to  C12,  inclusive,  and  of  the  even-numbered 
irbon  acids  Ci«  to  Ci8  as  well  as  for  the  iso  acids  C4,  C8,  and  C6 
ad  of  two  other  structural  isomers  of  the  C8  aliphatic  acid  are 
sted  in  Table  II  (p.  664).  The  intensities  recorded  were  esti¬ 
mated  from  a  visual  examination  of  the  film.  The  most  intense 
nes  of  the  patterns  are  listed  in  Table  III  and  in  Table  IV  the 
impounds  are  listed  in  order  of  the  strongest  line  of  the  patterns. 
Examination  of  the  powder  diffraction  data  for  unique  char- 
teristics  by  which  identity  of  the  compounds  can  be  estab- 
hed  shows  that  the  patterns  of  the  anilides  of  the  normal  acids 
1  to  C8  are  readily  distinguished.  The  patterns  of  the  even 
umbers  of  the  series  C8  to  Cis  show  a  marked  similarity,  suggest- 
ig  a  uniformity  of  crystal  structure  which  may  be  described  as 
isostructural”.  Each  pattern,  however,  has  unique  character- 
tics  by  which  it  can  be  distinguished;  this  is  particularly  true 
'  the  longest  d  spacing  recorded,  which  shows  a  measurable  step- 
ise  change  with  increasing  chain  length  of  the  acid.  Only  two 
bids  with  an  odd  number  of  carbon  atoms  greater  than  C8  were 
cammed.  These  indicated  that  a  separate  isostructural  series  is 


formed  by  these  compounds.  These  results  are  in  agreement  with 
the  findings  of  Slagle  and  Ott  (17)  in  their  x-ray  investigation  of 
the  fatty  acids. 

A  graphic  representation  of  the  melting  point  vs.  carbon  chain 
length  of  the  compounds  as  given  by  Robertson  (17)  (see  Figure 
2)  shows  no  regular  relationship  up  to  C8.  From  C8  to  Ci8  the 
data  show  regularly  increasing  melting  points  with  increasing 
carbon  chain  length.  This  result  is  in  conformity  with  the  iso¬ 
structural  relationship  found  in  the  examination  of  the  powder 
data. 

The  effect  of  structural  isomerism  on  the  powder  diffraction 
pattern  was  examined  in  the  case  of  the  normal  and  isoisomers 
of  butyric,  valeric,  and  caproic  acids.  The  pattern  of  the  straight- 
chain  derivative  could  be  readily  distinguished  from  that  of  its 
structural  isomer.  In  the  case  of  the  C6  acid  four  structural  iso¬ 
mers  were  examined:  n-valeric,  isovaleric,  a-methy  1  butv ric ,  and 
pivalic  acids.  The  diffraction  patterns  of  the  anilides  of  these 
acids  could  be  readily  distinguished. 

Since  the  x-ray  diffraction  powder  pattern  is  specific  for  each 
polymorphic  form  of  a  substance,  the  possible  existence  of  such 
forms  should  be  considered.  From  the  x-ray  diffraction  exami¬ 
nation  no  evidence  was  observed  of  polymorphic  changes  in  these 
compounds.  All  samples  were  crystallized  from  solvents,  at 
room  temperature.  These  conditions  would  tend  to  give  a  product 
stable  at  room  temperature.  Patterns  taken  at  intervals  of 
several  months  on  the  same  specimen  showed  no  change.  The 
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Table  III.  Four  Strongest  Lines  of  Powder  Diffraction  Patterns  of 
Anilides  of  Some  Saturated  Aliphatic  Acids 


Name 

No.  of 
Carbon 
Atoms  in 
Aliphatic 
Acid 

1st  Line 

2nd  Line 

3rd  Line 

4th  Line 

Formanilide 

1 

3.61 

3.75 

3.09 

5.16 

Acetanilide 

2 

9.44 

5.92 

3.64 

3.41 

Propionanilide 

3 

3.75 

6.17 

8.59 

4.46 

n-Butyranilide 

4 

4.05 

5.05 

5.65 

3.55 

Isobutyranilide 

4 

7.09 

4.05 

5.72 

4.47 

n-Valeranilide 

5 

4.77 

3.64 

10.25 

5.50 

Isovaleranilide 

5 

7.41 

4.13 

9.95 

5.00 

d.i-a-Methylbutyr- 

5 

7.28 

4.17 

3.28 

5.17 

anilide 

Pivalanilide 

5 

7.14 

4.20 

4.62 

5.00 

n-Caproanilide 

6 

3.82 

3.55 

5.55 

4.77 

Isocaproanilide 

6 

4.21 

7.51 

4.80 

3.53 

Enanthanilide 

7 

4.70 

4.15 

4.00 

3.78 

Caprylanilide 

8 

16.4 

4.03 

3.94 

8.06 

Pelargonanilide 

9 

17.0 

8.46 

4.49 

3.95 

Capranilide 

10 

19.1 

4.05 

9.12 

3.93 

Undecylanilide 

11 

4.05 

4.25 

3.64 

17.4 

Lauranilide 

12 

3.86 

20.7 

3.75 

3.61 

Myristanilide 

14 

4.36 

3.85 

11.6 

3.73 

Palmitanilide 

16 

4.40 

3.85 

3.75 

3.63 

Stearanilide 

18 

4.41 

3.85 

3.74 

3.65 

Table  IV.  Data  Arranged  in  Order  of  Strongest  Line  of  Diffraction 

Pattern 

No.  of 
Carbon 

*  Atoms  in 

Aliphatic 


1st  Line 

2nd  Line 

3rd  Line 

4th  Line 

Acid 

Name 

3.61 

3.75 

3.09 

5.15 

1 

Formanilide 

3.75 

6.17 

8.59 

4.46 

3 

Propionanilide 

3.92 

3.55 

5.55 

4.77 

6 

n-Caproanilide 

3.86 

20.7 

3.75 

3.61 

12 

Lauranilide 

4.05 

5.05 

5.65 

3.55 

4 

n-Butyranilide 

4.05 

4.25 

3.64 

17.4 

11 

Undecylanilide 

4.21 

7.51 

4.80 

3.53 

6 

Isocaproanilide 

4.36 

3.85 

11.6 

3.73 

14 

Myristanilide 

4.40 

3.85 

3.75 

3.63 

16 

Palmitanilide 

4.41 

3.85 

3.74 

3.65 

18 

Stearanilide 

4.70 

4.15 

4.00 

3.78  ' 

7 

Enanthanilide 

4.77 

3.64 

10.25 

5.50 

5 

n-Valeranilide 

7.09 

4.05 

5.72 

4.47 

4 

Isobutyranilide 

7.14 

4.20 

4.62 

5.00 

5 

Pivalanilide 

7.28 

4.17 

3.28 

5.17 

5 

d,!-a-Methylbu- 

tyranilide 

7.41 

4.13 

9.95 

5.00 

5 

Isovaleranilide 

9.44 

5.92 

3.66 

3.41 

2 

Acetanilide 

16.4 

4.03 

3.94 

8.06 

8 

Caprylanilide 

17.0 

8.46 

4.49 

3.95 

9 

Pelargonanilide 

19.1 

4.05 

9.12 

3.93 

10 

Capranilide 
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Table  II.  X-Ray  Diffraction  Data 


Formanilide,  Ci 

Acetanilide,  Cs 

Propionanilide,  C3 

d 

I/h 

d 

I/h 

d 

I/h 

14.0 

0.50 

9.44 

1.00 

8.59 

0.60 

7.28 

0.15 

6.66 

0.50 

6.17 

0.80 

7.03 

0.20 

6.33 

0  05 

4.86 

0.40 

6.19 

0.05 

5.92 

0.80 

4.46 

0.60 

5.94 

0.10 

5.09 

0  50 

3.75 

1.00 

5.61 

0.25 

4.83 

0.05 

3.21 

0.60 

5.32 

0.40 

4.67 

0.10 

3.08 

0  02 

5.16 

0.70 

4.40 

0  30 

2.82 

0.10 

4.86 

0  40 

4.28 

0.30 

2.70 

0.10 

4.69 

0.70 

4.23 

0.02 

2.59 

0.05 

4.33 

0.70 

4.03 

0.20 

2.56 

0.10 

4.13 

0.10 

3.95 

0.30 

2.40 

0.05 

3.81 

0.50 

3.86 

0.20 

2.26 

0.05 

3.75 

0.80 

3.66 

0.60 

2.20 

0.10 

3.61 

1.00 

3.58 

0.30 

2.16 

0.10 

3.52 

0.02 

3.41 

0.60 

1.93 

0.05 

3.45 

0  05 

3.26 

0.15 

3.25 

0.40 

3.17 

0.20 

3.09 

0.80 

3.02 

0.05 

2.99 

0.10 

2.99 

0.25 

2.93 

0.05 

2.79 

0.15 

2.81 

0.15 

2.74 

0.05 

2.65 

0.05 

2.65 

0.10 

2.55 

0.05 

2.56 

0.15 

2.52 

0  05 

2.51 

0.15 

2.38 

0.05 

2.46 

0.10 

2.34 

0  05 

2.42 

0.05 

2.30 

0.05 

2.38 

0.02 

2.24 

0.05 

2.35 

0.20 

2.18 

0.05 

2.25 

0.20 

2  04 

0.05 

2.19 

0.05 

2.01 

0.05 

2.16 

0.10 

2.04 

0.10 

2.01 

0.10 

1.93 

0.10 

1.90 

0.10 

n-Butyranilide,  C4 

Isobutyranilide,  C4 

d.i-a-Metbylbutyranilide,  Cs 

10.25 

0.05 

9.94 

0.40 

10.27 

0.20 

8.64 

0.05 

7.09 

1.00 

7.,  28 

1  00 

7.73 

0.05 

5.72 

0.60 

6.58 

0.05 

6.94 

0.05 

5.00 

0.50 

5.80 

0.60 

5.65 

0.30 

4.77 

0.50 

5.17 

0.70 

5.05 

0.50 

4.47 

0  60 

4.93 

0.30 

4.78 

0  10 

4.20 

0.10 

4.77 

0.30 

4.67 

0.10 

4.05 

0.80 

4.63 

0.70 

4.45 

0  07 

3.86 

0.20 

4.55 

0.20 

4.05 

1.00 

3.62 

0.05 

4.46 

0.05 

3.92 

0.15 

3.47 

0.02 

4.33 

0.05 

3.73 

0.15 

3.35 

0.30 

4.17 

1.00 

3.47 

0.10 

3.18 

0.20 

3.95 

0.30 

3.35 

0.30 

3.11 

0.15 

3.70 

0.30 

3.09 

0.20 

2.99 

0.02 

3.43 

0.60 

3.00 

0.07 

2.29 

0.05 

3.28 

0.80 

2.64 

0.02 

2.25 

0.02 

3.12 

0.40 

2.47 

0.05 

2.05 

0.07 

3.01 

0.15 

2.04 

0.10 

.  2.95 

0.10 

2.89 

0.15 

2.71 

0  10 

2.61 

0.10 

2.46 

0.10 

2.33 

0.15 

2.22 

0.05 

2.20 

0.05 

2.09 

0.10 

Isovaleranitide,  C6 ' 

n-Valeranilide,  Cs 

Pivalanilide,  C6 

d 

I/h 

d 

I/h 

d 

I/h 

9.95 

0.80 

10.25 

0.60 

7.14 

1.00 

7.41 

1.00 

6.48 

0.50 

6.10 

0.01 

7.00 

0.02 

5.50 

0.60 

5.83 

0.20 

5.85 

0.50 

5.25 

0.60 

5.21 

0.20 

5.00 

0.70 

4.77 

1.00 

5.00 

0.50 

4.75 

0.70 

4.59 

0.05 

4.62 

0.60 

4.59 

0  05 

4.44 

0.05 

4.51 

0.30 

4.13 

1.00 

■  4,25 

0.10 

4.41 

0,15 

3.88 

0.20 

3.78 

0.15 

4.20 

1.00 

3.70 

0.20 

3.64 

1  00 

4.04 

0.10 

3.47 

0.20 

3.50 

0.20 

3.37 

0.20 

3.34 

0.70 

3.39 

0.30 

3. €9 

0.20 

3.19 

0.70 

3.33 

0.10 

3.13 

0.10 

3.07 

0  20 

3.00 

0.05 

2.98 

0.02 

2.66 

0  30 

2.88 

0.05 

2.91 

0.05 

2.45 

0.05 

2.38 

0.10 

2.85 

0.02 

2.29 

0.05 

2.04 

0.10 

2.74 

0.02 

2.11 

0.05 

2.65 

0.02 

2.04 

0.10 

2.44 

0.02 

2.39 

0.02 

2.33 

0.05 

2.26 

0.02 

2.23 

0.05 

n-Caproanilide,  Cs 

Isocaproanilide,  Cs 

Enanthanilide,  C7 

d 

I/h 

d 

I/h 

d 

I/h 

10.8 

0.15 

14.8 

0.20 

8.13 

0.20 

7.57 

0  05 

7.51 

0.80 

7.21 

0.30 

6.85 

0.20 

5.92 

0.30 

5.88 

0.60 

6.92 

0.05 

5.59 

0.05 

5.72 

0.10 

6.55 

0.60 

5.16 

0.30 

5.59 

0.10 

4.77 

0.60 

4.80 

0.80 

5.16 

0.02 

4.67 

0  10 

4.36 

0.30 

4.70 

1.00 

4.31 

0  10 

4.21 

1.00 

4.47 

0.02 

3.82 

1.00 

4.05 

0.10 

4.15 

0.80 

n-Caproanilide,  Ce 

Isocaproanilide,  C6 

Enanthanilide,  C 

( Contd .) 

(Contd.) 

(Contd.) 

d 

I/h 

d 

I/h 

d 

I/h 

3.55 

0.80 

3.80 

0.10 

4.00 

0.80 

3.46 

0.10 

3.53 

0.50 

3.78 

0.80 

3.22 

0.10 

3.45 

0.10 

3.59 

0.60 

2.98 

0.10 

3.31 

0.50 

2.27 

0. 10 

2.89 

0.10 

3.12 

0.15 

2.21 

0. 10 

2.51 

0.10 

2.93 

0.02 

2.45 

0.10 

2.89 

0.02 

2.17 

0.10 

2.83 

0.05 

2.04 

0.10 

2.78 

0.05 

2.72 

0.02 

2.56 

0.05 

2.53 

0.05 

2.45 

0.10 

2.36 

0.10 

2.29 

0.05 

2.25 

0.05 

2.19 

0.10 

2.13 

0.15 

1.99 

0.10 

1.94 

0.05 

1.91 

0.05 

-Caprylanilide,  Cs 

Pelargonanilide,  C9 

Capranilide,  Cio 

16.4 

1.00 

17.0 

1.00 

19.1 

1.00 

12.9 

0.20 

11.5 

0.10 

16.1 

0.02 

11.1 

0.20 

10.6 

0.05 

12.4 

0.10 

10.2 

0.20 

8.46 

0.80 

10.8 

0.05 

8  06 

0.50 

5.92 

0.20 

9.12 

0.80 

6  65 

0.10 

4.49 

0.50 

6.40 

0.15 

5.59 

0.20 

4.40 

0.20 

4.86 

0.30 

4.77 

0.10 

4.25 

0.10 

4.45 

0.50 

4.38 

0.20 

4.05 

0.40 

4.23 

0.50 

4,22 

0.20 

3.95 

0.50 

4.05 

1.00 

4.03 

0  60 

3.78 

0.05 

3.93 

0.60 

3.94 

0.60 

3.68 

0.05 

3.81 

0.40 

3.82 

0  20 

3.14 

0.10 

3.67 

0.30 

3.66 

0.20 

2.05 

0.15 

3.50 

0.10 

3.22 

0.05 

3.14 

0.30 

3.14 

0.15 

2.98 

0.10 

3.06 

0.10 

2.89 

0  05 

2.57 

0.05 

2.39 

0.05 

2.10 

0  05 

rndecylanilide,  Cn 

Lauranilide,  C12 

Myristanilide,  Cu 

d 

I/h 

d 

I/h 

d 

I/h 

17.4 

0.20 

20.7 

0.60 

23.4 

0.30 

8.89 

0.20 

10.30 

0.15 

12.8 

0.05 

5.98 

0.15 

9.27 

0.30 

11.6 

0.50 

4.66 

0.02 

8.13 

0.30 

9.94 

0.30 

4.44 

0.05 

6.94 

0.02 

8.78 

0.05 

4.36 

0  05 

5.37 

0.15 

7.65 

0.30 

4.25 

0.50 

5.17 

0.10 

7.14 

0.10 

4.05 

1.00 

4.52 

0.10 

6.01 

0.20 

3.89 

0.20 

4.38 

0.40 

4.86 

0.30 

3.64 

0.30 

4.05 

0.30 

4.61 

0.05 

3.42 

0.15 

3.86 

1.00 

4.36 

1.00 

3.29 

0.02 

3.75 

0.50 

4.03 

0.40 

3.21 

0.10 

3.61 

0.50 

3.85 

1.00 

3.14 

0.05 

3.14 

0.20 

3.73 

0.50 

3.06 

0.05 

3.07 

0.02 

3.62 

0.50 

3.02 

0.05 

2.33 

0.05 

3.37 

0.02 

2.81 

0.05 

2.30 

0.05 

3.14 

0.20 

2.45 

0.10 

2.43 

0.10 

2.35 

0.02 

2.31 

0.05 

2.30 

0.02 

2.18 

0.02 

2.29 

0.02 

2.24 

0.05 

2.18 

0.05 

2.07 

0.02 

2.04 

0.05 

2.00 

0.05 

Palmitanilide,  Ci6 

Stearanilide,  Cis 

d 

I/h 

d 

I/h 

12.6 

0.50 

16.4 

0.20 

10.3 

0.10 

14.0 

0.20 

9.12 

0.02 

12.2 

0.02 

8.21 

0.30 

10.9 

0.02 

7.34 

0.05 

9.49 

0.05 

6.55 

0.15 

8.78 

0.05 

5.31 

0.15 

7.79 

0.02 

4.86 

0.20 

7.09 

0.02 

4.56 

0.05 

6.75 

0.01 

4.40 

1.00 

5.74 

0.01 

4.23 

0.10 

5.25 

0.01 

4.13 

0.05 

4.81 

0.05 

4  00 

0.15 

4.41 

1.00 

3.85 

1.00 

4.01 

0.20 

3.75 

0  60 

3.85 

1.00 

3.63 

0.60 

3.74 

0.50 

3.14 

0.10 

3.65 

0.50 

3.06 

0  02 

3.14 

0.10 

2.42 

0.10 

2.43 

0.10 

2.35 

0  02 

2.08 

0.02 

2.30 

0  05 

2.05 

0.10 

2.11 

0.02 

2.07 

0.02 

% 

2.04 

0.02 
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NO. OF  CARBON  ATOMS  IN  CHAIN 

Figure  2.  Effect  of  Chain  Length  on  Melting  Point  of 
Anilides  of  Aliphatic  Acids 

Data  from  Robertson  (.16) 

optical  studies  of  Bryant  (3)  on  the  p-bromoanilides  of  the  ali¬ 
phatic  acids  showed  metastable  polymorphic  forms  which,  how¬ 
ever,  were  evident  only  in  crystallizations  from  melt. 

It  was  noted  that  extreme  purity  of  the  crystalline  samples  was 
not  necessary  in  obtaining  distinctive  diffraction  patterns.  For 
instance,  a  crude  sample  of  acetanilide,  melting  5°  below  that  of 
National  Bureau  of  Standards  microanalytical  acetanilide,  gave 
a  pattern  identical  with  that  of  the  purer  sample.  This  is  an 
indication  that  great  care  in  recrystallizing  a  derivative  until  a 
constant  melting  point  is  reached  may  not  always  be  necessary 
for  identifications  when  the  x-ray  diffraction  method  is  em¬ 
ployed.  This  observation  is  in  agreement  with  the  authors’  ex¬ 
perience  in  the  wider  application  of  the  method. 


SUMMARY 

Using  chromium  target  x-radiation,  the  powder  diffraction 
patterns  for  the  anilides  of  the  normal  saturated  fatty  acids  (C] 
to  Cis)  were  shown  to  be  sufficiently  characteristic  to  enable 
individual  identification.  The  anilides  of  structural  isomers  of 
several  of  the  fatty  acids  gave  distinctive  diffraction  patterns. 
Extreme  purity  of  the  crystalline  derivatives  was  found  to  be 
unnecessary  in  obtaining  characteristic  patterns. 
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Determination  of  Hydrogen  Sulfide  in  Gases 

EDMUND  FIELD  and  C.  S.  OLDACH1 
Ammonia  Department,  E.  I.  du  Pont  de  Nemours  &  Co.,  Inc.,  Wilmington,  Dei. 


Two  colorimetric  methods  have  been  developed  for  the  analysis  of 
traces  of  hydrogen  sulfide  in  gases.  The  hydrogen  sulfide  is  first 
absorbed  in  a  caustic  solution,  and  in  the  more  sensitive  method  is 
converted  to  bismuth  sulfide.  The  concentration  of  the  resulting 
suspension  is  determined  by  means  of  a  spectrophotometric  measure¬ 
ment.  In  the  absence  of  a  spectrophotometer  the  sulfide  is  made  to 


THE  sensitivity  of  even  the  elaborate  titration  technique  de¬ 
scribed  by  Shaw  (S)  for  the  determination  of  hydrogen  sul¬ 
fide  is  inadequate  for  such  special  applications  as  the  study  of  cata¬ 
lyst  poisons,  particularly  where  the  lack  of  sensitivity  cannot 
conveniently  be  overcome  by  increasing  the  size  of  the  sample  to 
be  analyzed.  In  a  more  effective  procedure  for  the  determination 
of  traces  of  hydrogen  sulfide,  presented  by  Moses  and  Jilk  (2), 
a  photoelectric  cell  measures  the  degree  of  darkening  of  a  lead 
acetate-impregnated  tape  through  which  the  gases  are  passed. 
The  present  paper  describes  another  approach  to  the  problem 
whereby  as  little  as  1.4  micrograms  of  hydrogen  sulfide  in  aque¬ 
ous  solution  can  be  detected  optically. ,  Two  procedures  were 
developed  specifically  to  meet  the  problems  of  the  identification 
and  determination  of  organic  sulfur  compounds  present  as  impu- 

1  Present  address,  Belle,  W.  Va. 


react  with  a  uranyl-cadmium  reagent  and  analyzed  by  visual  com¬ 
parison  in  a  chromometer.  With  the  spectrophotometric  method 
as  little  as  7  micrograms  of  hydrogen  sulfide  may  be  determined  with 
a  precision  of  =**10%.  For  larger  samples  the  precision  improves 
to  ±3%.  The  chromometer  technique  requires  five  times  as  much 
sulfide  for  equal  precision,  but  still  is  far  more  sensitive  than  titration. 


rities  in  commercial  gases  and  solvents.  Their  application  to  '  he 
solution  of  these  problems  will  be  described  in  succeeding  papers. 

Both  of  the  analytical  methods  described  employ  a  solution  of 
the  hydrogen  sulfide  in  6%  aqueous  sodium  hydroxide.  For  the 
applications  under  consideration  this  involves  scrubbing  the  sul¬ 
fide-bearing  gas  with  caustic.  In  the  more  sensitive  of  the  two 
analytical  methods  the  sulfide  in  solution  is  converted  to  bismuth 
sulfide  and  the  concentration  of  the  resulting  suspension  is  de¬ 
termined  by  measuring  the  transmission  of  monochromatic  light 
with  a  spectrophotometer.  The  precision  of  the  analysis  is  de¬ 
termined  by  the  amount  of  hydrogen  sulfide  collected  in  the  ab¬ 
sorbing  solution.  The  precision  is  =*=10%  when  7  micrograms  of 
hydrogen  sulfide  are  collected.  This  corresponds  to  the  amount  of 
sulfur  in  0.1  cubic  foot  of  gas  containing  sulfur  in  a  concentration 
of  0.11  grain  per  100  cubic  feet  (1  grain  per  100  cubic  feet  =  22.9 
micrograms  per  liter).  With  larger  concentrations  of  sulfur  or  a 
larger  sample,  a  precision  of  =*=3%  can  be  achieved. 
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The  second  method  is  useful  when  a  spectrophotometer  is  not 
available.  In  this  case  cadmium  sulfide  is  precipitated  in  the 
presence  of  uranyl  ion  and  the  sulfide  concentration  is  then  de¬ 
termined  by  matching  of  color  and  opacity  against  a  blank  in  a 
visual  comparometer.  The  sensitivity  is  approximately  one  fifth 
that  of  the  spectrophotometric  method,  but  is  still  far  superior  to 
that  experienced  in  titration  methods. 

GENERAL  PROCEDURE 

Reagents.  The  following  solutions  are  required. 

Caustic  Solution,  6%  by  weight.  Dissolve  1130  grains  of  re¬ 
agent  grade  sodium  hydroxide  in  10  liters  of  distilled  oxygen-free 
water  and  dilute  to  18  liters. 

Bismuth  Reagent.  Dissolve  42.8  grams  of  c.p.  bismuth  nitrate 
pentahydrate  in  3  liters  of  glacial  acetic  acid  and  dilute  with  15 
liters  of  distilled  water. 

Uranyl-Cadmium  Reagent.  Dissolve  44.4  grams  of  uranyl 
nitrate  hexahydrate  and  31.4  grams  of  cadmium  acetate  dihy¬ 
drate  in  20  liters  of  distilled  water  plus  4  liters  of  glacial  acetic 
acid  (all  c.p.). 

Standard  Sulfide  Solutions  for  Calibration  Purposes.  Prepare 
fresh  each  day  by  dissolving  approximately  3  grams  of  c.p.  so¬ 
dium  sulfide  nonahydrate  in  1  liter  of  the  6%  caustic  solution. 
Determine  concentration  by  iodometric  titration  (3).  Dilute 
aliquots  with  6%  caustic  to  provide  solutions  of  known  concen¬ 
trations  for  the  calibrations. 


Figure  1.  Light  Absorption  by  Bismuth  Sulfide  Suspension 


found  very  satisfactory.  The  spectrophotometric  analysis  re¬ 
quires  only  10  ml.  of  the  caustic  solution.  In  order  to  take  full 
advantage  of  the  smaller  reagent  volume  requirement  in  terms  of 
minimum  gas  sample,  bubble  bottles  were  employed  with  capaci¬ 
ties  as  low  as  10  ml.  With  either  the  Milligan  or  the  bubble 
bottles,  gas  rates  of  0.6  liter  per  minute  were  used  without  sulfide 
leakage.  After  a  sufficient  quantity  of  gas  is  scrubbed  the  solution 
is  mixed  and  an  aliquot  taken  for  analysis. 

General  Precautions.  The  methods  are  extremely  sensitive 
and  consequently  are  very  susceptible  to  serious  errors  from  acci¬ 
dental  contamination.  No  grease  of  any  type  should  be  used  on 
stopcocks  and  ground-glass  joints,  since  it  causes  a  discoloration 
of  the  caustic.  Glassware  should  be  thoroughly  cleaned,  pref¬ 
erably  with  acetone  or  similar  organic  solvent  followed  by  several 
water  rinses. 

Since  sulfides  are  readily  oxidized  by  dissolved  oxygen,  all  solu¬ 
tions  are  deoxidized  and  transferred  where  possible  under  a  blan¬ 
ket  of  nitrogen.  The  short  time  of  exposure  in  the  final  mixing  of 
reagents  has  a  negligible  effect. 

The  analysis  requires  the  addition  of  either  the  bismuth  or  the 
uranyl  reagent  to  the  caustic  solution  of  the  sulfide.  The  order  of 
mixing  and  the  time  of  standing  between  preparation  and  analy¬ 
sis  must  be  rigidly  standardized.  When  the  reagents  are  mixed, 
heat  of  neutralization  is  evolved,  effervescence  may  occur,  and 
crystal  growth  or  agglomeration  begins.  These  changes  are  rapid 
at  first  but  become  slow  after  3  to  5  minutes.  Despite  the  heat  of 
reaction  it  was  not  found  necessary  to  thermostat  the  solution. 
In  the  course  of  several  hundred  determinations  by  each  method, 
no  tendency  for  the  precipitate  to  settle  could  be  observed  during 
the  10  minutes  necessary  for  the  analysis.  (A  private  communica¬ 
tion  from  J.  K.  Fogo,  who  was  kind  enough  to  check  the  spectro¬ 
photometric  procedure,  states  that  difficulty  was  encountered 
from  a  tendency  of  the  bismuth  sulfide  to  precipitate  before  the 
light  transmittance  could  be  measured.  His  suggestion  that  all 
trouble  from  this  source  may  be  avoided  by  adding  0.2%  clear 
Knox  gelatin  to  the  bismuth  reagent  appears  to  have  real  value.) 

The  exact  concentration  of  reagents  is  not  critical;  however, 
they  must  be  so  balanced  that  the  final  solution  is  weakly  acid. 

SPECTROPHOTOMETRIC  METHOD 

Equipment.  A  Coleman  Model  10S  double  monochromator 
spectrophotometer  was  employed,  in  conjunction  with  a  Coleman 
310  electrometer.  The  cuvettes  were  cylindrical  Pyrex  tubes  16 
mm.  in  inside  diameter. 

Procedure.  To  the  6%  sodium  hydroxide  solution  containing 
the  sulfide,  an  equal  volume  of  the  bismuth  nitrate-acetic  acid 
reagent  is  added.  The  product  is  weakly  acid,  so  that  carbon 
dioxide  is  liberated  from  any  carbonate  present.  The  solution  is 
mixed  by  bubbling  deoxidized  nitrogen  (purchased  as  such  in 
standard  cylinders  from  Air  Reduction  Sales  Co.)  through  it  for 
30  seconds  and  then  is  allowed  to  stand  for  exactly  5  minutes.  A 
portion  of  this  sample  (10  ml.)  is  poured  into  the  spectrophotom¬ 
eter  cuvette.  The  spectrophotometer  is  balanced  at  an  arbitrary 
100%  light  transmission  in  the  absence  of  the  cuvette,  and  7  min¬ 
utes  from  the  time  of  precipitation  the  per  cent  transmittance 
of  sample  is  determined  with  the  cuvette  in  place.  The  sulfide 
concentration  is  then  read  directly  from  a  calibration  chart. 

When  sampling  a  gas  containing  a  very  low  concentration  of 
hydrogen  sulfide  it  is  necessary  to  pass  enough  gas  through  the 


Scrubbing  Hydrogen  Sulfide  from  a  Gas  Stream.  Both 
procedures  employ  a  caustic  solution  of  sulfide  ion  obtained  by 
scrubbing  the  gas  to  be  analyzed.  To  avoid  oxidation  of  the  sul¬ 
fide  ion  the  gas  must  be  free  of  oxygen,  but  hydrogen,  nitrogen, 
carbon  monoxide,  methane,  ethylene,  and  up  to  2%  carbon  diox¬ 
ide  do  not  interfere.  Up  to  1  %  oxygen  in  the  gas  to  be  analyzed 
is  automatically  removed  by  the  procedure  fqr  converting  organic 
sulfur  compounds  to  hydrogen  sulfide  ( 1 ).  Hydrogen  sulfide  is 
readily  and  completely  absorbed  from  a  gas  by  bubbling  through 
a  6%  caustic  solution.  For  the  chromometer  method  a  Milligan 
gas-washing  bottle  containing  100  ml.  of  6%  caustic  has  been 


Table  I.  Sample  Calibration  Data  for  Spectrophotometric  Method 

Micrograms/Ml.°  %  Transmittance 

0 

0.292 
0.292 
0.292 
0.73 
0.73 
0.73 
1.47 
1.47 

a  Diluted  from  standard  solution  containing  1.47  grams  of  sulfur  per  ml.  as 
determined  iodometrically. 


69.6 
68.8 
68.0 

62.7 

51.1 

61.1 
31.6 
32.4 
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Table  II.  Analysis  of  Hydrogen  Sulfide-Bearing  Gas  by  the 
Spectrophotometric  and  Colorimetric  Methods 

H2S  Concentration  (Arbitrary  Units) 


n  No. 

Spectrophotometer 

Colorimeter 

1 

17.1 

17.7 

2 

18.0 

17.7 

3 

20.6 

22.9 

4 

20.6 

21.2 

5 

22.4 

20.5 

6 

20.6 

20.5 

7 

20.6 

20.5 

7A 

2.5 

2.4 

8 

22.2 

21.2 

9  ' 

18.6 

18.3 

10 

12.0 

11.0 

11 

13.2 

12.0 

minimum  quantity  of  caustic  (10  ml.)  to  give  between  6  and  40 
micrograms  of  Sulfur.  When  more  concentrated  gases  are  being 
analyzed,  larger  volumes  of  caustic  solution  can  be  employed  or 
the  sample  can  be  diluted  with  fresh  caustic,  so  that  the  final  10- 
ml.  sample  contains  the  amount  of  sulfur  specified  above. 

Calibration.  The  calibration  chart  is  made  initially  by  re¬ 
peating  the  above  determinations  on  solutions  of  6%  sodium  hy¬ 
droxide  containing  known  sulfide  concentrations  prepared  from 
the  standard  solution.  When  the  sulfide  concentration  of  these 
solutions  is  plotted  against  the  logarithm  of  the  per  cent  trans¬ 
mittance  the  relationship  is  linear.  A  typical  set  of  calibration 
data  is  shown  in  Table  I.  The  slope  of  the  line  remains  the  same 
from  day  to  day  but  the  intercept  at  zero  sulfide  concentration 
shifts  slightly  from  85%  transmittance,  presumably  because  of 
changes  in  the  reagents  and  photometric  system.  Once  the  slope 
is  established,  therefore,  it  is  sufficient  to  calibrate  the  unit  by 
mixing  equal  volumes  of  the  sulfide-free  caustic  and  bismuth  re¬ 
agents  and  measuring  per  cent  transmittance  to  determine  the 
zero  point. 

Selection  of  Reagent  and  Light  Wave  Length.  Cadmium, 
lead,  and  bismuth  were  examined  as  reagents  for  the  sulfide  precipi¬ 
tation.  Of  these,  bismuth  sulfide  produced  the  greatest  changes 
in  per  cent  transmittance  of  light  for  a  given  change  in  sulfide 
concentration.  Consequently  bismuth  was  selected  for  further 
study.  The  variation  in  transmittance  of  light  as  a  function  of 
wave  length  for  aqueous  suspensions  of  bismuth  sulfide  of  two  dif¬ 
ferent  concentrations  is  shown  in  Figure  1.  It  is  seen  that  the 
greatest  sensitivity  is  obtained  at  the  shortest  wave  length  which 
could  be  reached  with  the  spectrophotometer  employed,  350 
millimicrons.  All  analyses  were  therefore  performed  with  light 
of  this  wave  length  (actually  350  to  355  m/u) .  It  is  possible  that 
even  shorter  wave  lengths  would  have  given  greater  sensitivity. 

VISUAL  METHOD 

Equipment.  During  a  period  when  the  spectrophotometer  was 
not  available,  visual  comparisons  were  made  by  means  of  a  Say- 
bolt  Standard  universal  chromometer  No.  2895.  A  standard 
•chromometer  comparator  tube  was  used  for  the  blank,  while  the 
second  tube  was  of  special  design  with  a  leveling  tube  and  plunger 
(Figure  2,  an  adaptation  of  the  principle  employed  in  the  Kenni- 
cott,  Campbell  and  Hurley  colorimeter,  Eimer  &  Amend  Catalog 
No.  7-155).  The  fight  source  was  a  G.E.  Type  H-3  mercury  vapor 
lamp  mounted  in  a  Bausch  &  Lomb  Type  B  adjustable  micro¬ 
scope  lamp  housing.  Polished  standard  thickness  Corning  filters 
30  and  512,  5  cm.  (2  inches)  square,  were  mounted  between  the 
light  source  and  the  chromometer.  A  scale  10  units  high  (40 
cm.)  is  mounted  behind  the  tubes  to  measure  the  liquid  height. 

Procedure.  A  blank  solution  is  prepared  by  mixing  equal  vol¬ 
umes  of  the  6%  caustic  and  the  uranyl-cadmium  reagent.  A  suf¬ 
ficient  quantity  of  this  solution  is  put  into  the  blank  tube  to  fill  it 
just  to  the  “10”  mark  on  the  scale  (approximately  120  ml.).  An 
I  aliquot  of  the  standard  sulfide  solution  containing  30  to  200  mi¬ 
crograms  of  sulfur  is  diluted  with  6%  sodium  hydroxide  to  70  ml. 
and  mixed  by  means  of  a  stream  of  nitrogen.  After  mixing,  70 
ml.  of  the  uranyl  reagent  are  added  and  again  the  solution  is  agi¬ 
tated  with  nitrogen.  The  solution  is  then  poured  into  the  special 
comparator  tube  and  allowed  to  stand  3  minutes  before  balancing. 
The  analysis  is  completed  by  adjusting  the  balancing  plunger  in 
the  side  arm  of  the  comparator  tube  until  the  color  and  intensity 


of  the  sulfide  solution  match  those 
in  the  blank  as  nearly  as  possible. 
The  procedure  is  repeated  with 
sulfide  aliquots  of  different  sizes. 

If  the  logarithm  of  the  balancing 
height  is  plotted  against  the  sul¬ 
fide  content,  a  straight  fine  is  ob¬ 
tained  except  for  a  gentle  curve 
near  the  origin.  A  new  curve  must 
be  prepared  .each  day  because  of 
uncontrollable  variations.  Un¬ 
known  sulfide  solutions  are 
analyzed  by  the  same  technique. 
When  collecting  a  sample  suf¬ 
ficient  gas  must  be  passed  through 
the  minimum  volume  of  caustic 
(70  ml.)  to  give  at  least  30  micro¬ 
grams  of  sulfur  in  order  to  fall  in 
the  range  of  the  chromometer.  If 
more  than  200  micrograms  of  sul¬ 
fur  is  collected,  an  aliquot  is  taken. 

Although  the  balance  point  is 
readily  reproducible,  a  personal 
factor  is  definitely  present.  For 
maximum  precision  each  operator 
should  prepare  his  own  calibration 
curves.  Eye  fatigue  is  a  problem 
if  a  large  number  of  analyses  are 
involved. 

A  comparison  of  analyses  by  the 
spectrophotometric  and  the  colori¬ 
metric  methods  is  shown  in  Table 
II  where  the  off  gas  from  an  ex¬ 
periment  was  analyzed  simultane¬ 
ously  by  both  methods. 

Discussion  of  Visual  Tech¬ 
nique.  The  function  of  the 

...  „  .  uranyl  ion  in  the  solution  is  not 

Figure  2.  Chromometer  ,  ,  ,  .,  ...  ,, 

Comparison  Tube  clear>  but  ll  Sreatly  improves  the 

accuracy  of  visual  comparison 
over  that  with  cadmium  sulfide 
alone.  The  advantage  gained  by  the  use  of  the  uranyl-cadmium 
reagent  is  limited  to  measurements  in  the  chromometer  and  does 
not  appear  in  spectrophotometer  studies.  The  two  filters  mounted 
on  the  mercury  lamp  transmit  only  the  green  and  blue  compo¬ 
nents  of  the  light,  both  of  which  are  partially  transmitted  by  the 
sulfide-free  solution.  When  sulfide  is  added,  the  green  transmis¬ 
sion  is  unaffected  but  some  blue  is  absorbed.  The  degree  of 
absorption  is  a  function  of  the  concentration  and  height  of  the  col¬ 
umn  of  sulfide  solution.  A  nearly  exact  color  balance  can  be 
obtained  between  a  sulfide-free  and  a  sulfide-containing  solution 
by  adjusting  the  height  of  the  latter. 

The  specially  designed  comparator  tube  with  a  plunger  to  bal¬ 
ance  the  heights  of  liquid  is  more  convenient  to  use  and  permits 
higher  precision  than  comparators  which  depend  upon  stopcocks 
for  establishing  liquid  levels.  Very  little  extra  liquid  is  required 
and  the  plunger  permits  approaching  balance  from  either  side 
until  the  operator  is  certain  that  the  best  match  has  been  achieved. 

ACKNOWLEDGMENT 

The  authors  are  indebted  to  numerous  members  of  the  labora¬ 
tory  staff  for  assistance  in  carrying  out  the  work  and  in  the  prepa¬ 
ration  of  this  paper. 

LITERATURE  CITED 

(1)  Field  and  Oldach,  Ind.  Eng.  Chem.,  Anal.  Ed.,  18,  668  (1946). 

(2)  Moses  and  Jilk,  U.  S.  Patent  2,232,622  (Feb.  18,  1941). 

(3)  Shaw,  Ind.  Eng.  Chem.,  Anal.  Ed.,  12,  668  (1940). 


Conversion  of  Organic  Sulfur  to  Hydrogen  Sulfide  for 

Analysis 

EDMUND  FIELD  AND  C.  S.  OLDACH1,  Ammonia  Department,  E.  I.  du  Pont  de  Nemours  and  Company,  Inc.,  Wilmington,  Del. 


Organic  sulfur  compounds  are  quantitatively  converted  to  hydrogen 
sulfide  by  passing  with  hydrogen  over  alumina  at  900°  C.  The 
technique  has  made  possible  the  analysis  of  traces  of  organic  sulfur 
compounds  in  gases  or  liquids  when  used  in  conjunction  with  suf¬ 
ficiently  sensitive  methods  for  hydrogen  sulfide  analysis. 

MODERN  catalytic  processes  require  raw  materials  possess¬ 
ing  a  high  degree  of  purity.  Even  traces  of  hydrogen  sul¬ 
fide  or  organic  sulfur  compounds  in  gases  or  liquids  are  detri¬ 
mental  to  many  catalytic  reactions.  In  order  to  control  and 
eliminate  these  catalyst  poisons,  highly  sensitive  analytical  devices 
are  essential.  Several  satisfactory  procedures  for  hydrogen  sul¬ 
fide  determinations  are  available,  such  as  the  colorimetric  meth¬ 
ods  described  in  a  recent  paper  from  this  laboratory  (#),  or  the 
lead  acetate-impregnated  tape  method  of  Moses  and  J ilk  (5) .  For 
specific  organic  sulfur  compounds  there  is  the  highly  sensitive 
isatin  test  for  thiophene  (I)  and  the  ultraviolet  absorption  tech¬ 
nique  for  carbon  disulfide  (7).  However,  the  commonly  used 
combustion  technique  for  total  organic  sulfur,  involving  convert¬ 
ing  the  sulfur  to  sulfate  followed  by  gravimetric  or  turbidimetric 
analysis  ( 3 ,  6),  is  very  difficult  to  apply  in  the  region  of  extremely 
low  sulfur  content  where  the  reagents  may  contain  more  sulfate 
than  the  sample  being  analyzed. 

The  purpose  of  the  present  study  has  been  the  development  of 
a  technique  for  complete  conversion  of  all  volatile  organic  sulfur 
compounds  present  to  hydrogen  sulfide,  after  which  any  suffi¬ 
ciently  sensitive  procedure  for  hydrogen  sulfide  can  be  applied. 
A  modification  of  the  method  presented  by  Jilk  (4)  was  selected 
after  a  survey  of  various  alternative  procedures.  In  Jilk’s 
method  the  gas  containing  organic  sulfur  compounds  is  freed  from 
oxygen,  humidified,  and  passed  over  activated  alumina  at  500°  C. 
By  raising  the  catalyst  temperature  from  500  °  to  900  °  C.  as  much 
as  1%  oxygen  in  the  gas  was  found  to  have  no  effect  on  the  re¬ 
sults.  Humidification  of  the  gas  was  not  necessary,  and  complete 
conversion  of  methyl  mercaptan  and  thiophene  to  hydrogen  sul¬ 
fide  was  obtained,  whereas  at  500°  C.  only  60  and  20%  conver¬ 
sions  were  obtained,  respectively.  At  900°  C.  carbonyl  sulfide, 
carbon  disulfide,  methyl  mercaptan,  thiophene,  methyl  thiocya¬ 
nate,  and  sulfur  dioxide  were  tested  and  found  to  be  completely 
converted  to  hydrogen  sulfide  when  passed  over  activated  alumina 
in  the  presence  of  excess  hydrogen.  No  other  sulfur  compounds 
were  tested. 

PROCEDURE  FOR  GASES 

The  gases,  containing  organic  sulfur  and  excess  hydrogen,  are 
passed  over  6  ml.  of  14-  to  20-mesh  alumina  (desulfurized  Alorco 
Grade  A,  or  gel  prepared  by  precipitation  from  aluminum  nitrate 
solution  with  ammonia)  in  a  10-mm.  inside  diameter  quartz  or 
Vycor  tube  heated  to  900°  in  a  vertically  mounted  split  electric 
furnace.  All  connecting  lines  are  glass;  rubber  joints,  where  un¬ 
avoidable,  are  boiled  in  caustic  to  remove  sulfur,  and  a  minimum 
of  rubber  surface  is  exposed  since  rubber  reversibly  absorbs  sulfur 
compounds.  Gas  rates  up  to  0.6  liter  per  minute  were  found  per¬ 
missible.  To  avoid  errors  caused  by  absorption  on  the  catalyst, 
it  is  desirable  to  equilibrate  the  catalyst  with  the  gas  for  at  least 
30  minutes;  with  small  samples  the  catalyst  may  be  purged  with 
pure  hydrogen  for  one  hour  before  the  analysis,  and  the  adsorbed 
sulfur  removed  by  another  1-hour  purge  to  conclude  the  analysis. 
The  hydrogen  sul  ide-bearing  gas  from  the  converter  passes 
through  a  Milligan  bubbler  containing  6%  caustic  solution.  The 
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hydrogen  sulfide  absorbed  is  analyzed  colorimetrically  as  de¬ 
scribed  in  an  earlier  paper  from  this  laboratory  (2). 

PROCEDURE  FOR  LIQUIDS 

The  liquid  to  be  analyzed  is  placed  in  a  suitable  bubbler  and 
sulfur-free  hydrogen  is  passed  through  it  at  a  rate  of  approxi¬ 
mately  0.6  liter  per  minute.  The  volume  of  liquid  is  adjusted  to 
give  a  suitable  quantity  of  hydrogen  sulfide  for  subsequent  analy¬ 
sis.  The  temperature  of  the  bubbler  is  chosen  to  give  a  conveni¬ 
ent  rate  of  evaporation,  and  hydrogen  is  passed  through  it  until 
the  sample  is  completely  volatilized.  The  gas  stream  is  passed 
over  alumina  at  900°  C.  and  the  hydrogen  sulfide  collected  in 
caustic,  just  as  in  the  procedure  for  gases.  The  hydrogen  stream  is  i 
continued  for  another  hour  to  flush  the  system  and  recover  all  sul¬ 
fur  adsorbed  by  the  catalyst.  Alternatively,  nonvolatile  or  high- 
boiling  liquids  can  be  stripped  of  their  volatile  sulfur  content  with 
hydrogen  by  prolonged  bubbling  without  complete  vaporization 
of  the  liquid.  In  this  case  the  analysis  would  necessarily  be  for 
volatile  sulfur  only.  The  time  required  is  best  determined  by  ex¬ 
periment,  since  it  depends  on  the  volatility  of  the  sulfur  com¬ 
pounds  present. 

Some  vapors — for  instance,  benzene — deposit  carbon  on  the 
catalyst.  If  the  deposit  becomes  heavy  the  activity  of  the  cata¬ 
lyst  is  lowered.  Should  this  tendency  exist,  a  very  small  sample 
must  be  analyzed  or  the  catalyst  must  be  regenerated  periodically 
during  the  determination.  Carbon  deposits  also  increase  the 
adsorption  of  sulfur  on  the  catalyst  and  make  necessary  prolonged 
purging  with  hydrogen  at  the  end  of  the  analysis.  Complete 
regeneration  is  accomplished  by  passing  air  over  the  catalyst  for 
5  minutes  at  900  °  C.  The  catalyst  is  purged  of  sulfur  before  each 
regeneration.  The  regenerating  air  is  by-passed  around  the  ab¬ 
sorbing  solution  to  avoid  oxidation  of  sulfide. 

DEMONSTRATION  OF  CONVERSION  TO  HYDROGEN  SULFIDE 

Activated  alumina  (Alorco  Grade  A)  or  precipitated  aluminum 
oxide  when  charged  as  14-  to  20-mesh  granules  in  a  quartz  tube 
was  found  to  give  complete  conversion  at  900°  C.  at  a  space 
velocity  of  3000  hours-1.  The  hydrogenation  was  demonstrated 
for  carbonyl  sulfide,  carbon  disulfide,  methyl  mercaptan,  methyl 
thiocyanate,  thiophene,  and  sulfur  dioxide,  as  shown  in  Table  I. 
The  determinations  were  made  by  introducing  a  measured  volume 
of  the  gas  or  a  weighed  amount  of  the  liquid  into  the  gas  stream. 
The  actual  concentration  was  therefore  indefinite.  It  was  found 
impractical  to  make  up  homogeneous  gas  samples  for  this  purpose 


Table  I.  Conversion  of  Organic  Sulfur  to  Hydrogen  Sulfide  over 
Alumina  at  900°  C. 

Sulfur  Con- 


Com¬ 

Space 

Average  Sulfur 

Carrier 

verted0 

pound 

Velocity 

Concentration 

Gas 

to  H2S 

Micrograms/ 

Grains/ 100 

Hours 

liter 

cu.  ft. 

% 

COS 

2800 

1260 

55.7 

h2 

97 

2800 

1260 

55.7 

33CO-67H2 

96 

2800 

500 

21.9 

h2 

104 

17,000 

96 

4.2 

33CO-67H2 

100 

Empty  tube 

440 

19.4 

33CO-67H, 

100 

cs2 

3000 

530 

23.0 

h2 

96 

CHsSH 

3000 

1010 

44.5 

33CO-67H2 

109 

3000 

1260 

55.7 

h2 

100 

CHjSCN 

3000 

343 

15.0 

h2 

100 

c<h4s 

3000 

457 

20.0 

h2 

100 

2500 

171 

7.5 

33CO-67H2 

97 

°  Deviations  from  100%  are  considered  within  precision  of  experiments. 
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Table  II.  Determination  of  Sulfur  Content  of  Liquids 

Sulfur 


Solvent 

Sample 

Ml. 

Compound 

Sulfur 

Micrograms/ 

ml. 

Found0 

% 

No.  30  white  oil 

25 

COS 

13.7 

92,  92 

25 

CHsSH 

14.2 

96 

25 

C4H4S 

110 

102,97 

Benzene 

5 

cs2 

640 

98, 101,  99 

2 

C4H4S 

8.3 

99,98,  100 

°  Deviations  from  100%  are  considered  within  precision  of  experiments. 


because  the  sulfur  content  dropped  fairly  rapidly  with  time  when 
stored  either  in  a  water-sealed  holder  or  in  a  metal  cylinder. 

Carbonyl  sulfide  is  most  readily  converted  to  hydrogen  sulfide. 
As  shown  in  Table  I,  conversion  is  completed  at  900°  C.  even  in 
the  absence  of  a  catalyst.  In  the  presence  of  alumina  a  tempera¬ 
ture  of  500°  C.  is  sufficiently  high  to  assure  complete  conver¬ 
sion  of  carbonyl  sulfide  and  carbon  disulfide,  provided  oxygen  is 
absent  from  the  gas.  (Oxygen  is  automatically  converted  to 
water  by  the  catalyst  when  operated  at  900  °  C.)  However,  even 
in  the  absence  of  oxygen,  thiophene  and  mercaptans  are  not  com¬ 
pletely  converted  to  hydrogen  sulfide  at  500  °  C. 

Examples  of  sulfur  determinations  in  liquids  are  shown  in 
Table  II.  In  the  case  of  the  white  oil  solutions  the  oil  was  not 
vaporized  over  the  catalyst;  instead,  the  volatile  sulfur  was  re¬ 
moved  by  stripping.  Some  of  the  sulfur  solutions  were  unstable, 
as  evidenced  by  a  decrease  in  volatile  sulfur  with  time.  The  ben¬ 
zene  solutions  were  completely  vaporized  and  passed  over  freshly 
regenerated  catalyst.  The  carbon  formation  from  a  single  analy¬ 
sis  was  not  sufficient  to  interfere  with  the  analysis. 

ADSORPTION  OF  SULFUR  ON  CATALYST 

Even  at  900  °  C.  some  sulfur  is  retained  by  the  alumina  catalyst. 
The  amount  retained  represents  an  equilibrium  value  for  a  given 
concentration  and  does  not  affect  conversion.  In  analyzing  a 
continuous  gas  sample  of  fairly  uniform  composition  it  is  there¬ 


fore  sufficient  to  operate  the  catalyst  until  equilibrium  is  estab¬ 
lished  (0.5  hour),  after  which  a  sample  can  be  analyzed  without 
danger  of  error  due  to  adsorption.  In  case  sulfur  is  to  be  deter¬ 
mined  in  a  batch  sample  of  liquid  or  in  a  gas  of  varying  composi¬ 
tion,  the  catalyst  must  be  completely  purged  with  hydrogen  be¬ 
fore  starting  the  analysis  and  again  after  all  the  sample  has  been 
treated.  With  6  ml.  of  8  to  14-mesh  alumina  at  900°  C.,  com¬ 
plete  desulfurization  of  the  catalyst  is  achieved  by  passing  28 
liters  of  pure  hydrogen  over  it. 

GENERAL  APPLICATION 

The  analytical  technique  can  be  applied  to  a  wide  variety  of 
gases  and  liquids.  Successful  analyses  have  been  carried  out  on 
such  gases  as  hydrogen,  carbon  monoxide,  methane,  ethylene, 
nitrogen,  and  coke-oven  gas,  and  such  liquids  as  methanol,  ben¬ 
zene,  cyclohexane,  tetralin,  and  white  oil.  No  tests  have  been 
made  in  which  the  hydrogen  content  of  the  vapors  passing  over 
the  hydrogenation  catalyst  was  less  than  30%.  The  presence  of 
water  vapor  is  not  necessary  but  it  is  helpful  in  some  cases  in  re¬ 
ducing  carbon  deposition.  Carbon  dioxide  does  not  interfere, 
provided  it  is  not  present  in  quantities  sufficient  to  neutralize  the 
caustic  scrubbing  solution.  Unsaturated  compounds,  either  ini¬ 
tially  present  or  formed  over  the  catalyst,  do  not  interfere.  Oils 
and  tars  which  collected  in  the  scrubber  may  cause  trouble  if 
present  in  quantity.  Should  this  occur,  the  scrubber  solution  can 
be  acidified  and  the  hydrogen  sulfide  stripped  out  and  reabsorbed. 
Oxygen  in  concentrations  up  to  1%  in  the  gas  stream  has  been 
found  harmless. 
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Identification  of  Sulfur  Compounds  in  Gas  Mixtures 

C.  S.  OLDACH1  AND  EDMUND  FIELD 
Ammonia  Department,  E.  I.  du  Pont  de  Nemours  &  Co.,  Inc.,  Wilmington,  Del. 


A  sensitive  method  for  identification  and  quantitative  determination 
of  sulfur  compounds  present  in  gas  mixtures  depends  on  differences 
in  solubility  of  the  sulfur  compounds  in  an  inert  solvent.  A  complete 
analysis  usually  involves  both  an  absorption  and  a  stripping  run  in  a 
multiple-plate  saturator.  The  total  sulfur  content  of  the  gas  leaving 
the  saturator  is  plotted  against  gas  volume.  A  stepwise  curve  re¬ 
sults,  wherein  the  gas  volume  at  which  the  sulfur  concentration 

THE  problem  of  completely  removing  sulfur  compounds  from 
gases  is  frequently  encountered,  particularly  in  catalytic 
processes.  The  most  suitable  means  for  effecting  sulfur  removal 
depends  on  the  types  present.  Hydrogen  sulfide  is  the  most  com¬ 
mon  form  of  sulfur  encountered,  but  it  is  usually  accompanied  by 
relatively  small  concentrations  of  such  organic  sulfur  compounds 
as  carbonyl  sulfide,  carbon  disulfide,  and  mercaptans.  A  new 
method  has  been  developed  for  identifying  and  determining 
the  concentration  of  these  organic  sulfur  compounds  when  present 
in  concentrations  of  a  few  parts  per  million.  The  technique  is 
based  on  differences  in  solubility  in  an  inert  solvent  used  in  con¬ 
junction  with  a  highly  sensitive  analytical  method  {1,2).  It  is 
applicable  not  only  to  sulfur  compounds  but  to  any  other  class 
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changes  abruptly  is  characteristic  of  a  specific  sulfur  compound  and 
the  magnitude  of  the  change  is  a  measure  of  the  concentration  of  that 
compound.  As  yet  an  exhaustive  evaluation  of  the  method  to 
determine  its  accuracy  has  not  been  made,  but  identification  runs  on 
partially  purified  manufactured  gas  and  coke-oven  gas  are  presented, 
the  results  of  which  are  in  general  agreement  with  previous  industrial 
experience. 

of  compounds  for  which  a  sufficiently  sensitive  analytical  method 
is  available. 

The  accuracy  and  reliability  of  this  method  of  identification 
have  not  been  demonstrated  on  gases  of  known  composition.  Be¬ 
cause  of  time  limitations,  the  plant  tests  were  made  after  only 
qualitative  evaluation  of  the  method  on  known  gas  mixtures. 
However,  the  results  obtained  on  partially  purified  manufactured 
gas  and  coke-oven  gas  are  in  sufficient  agreement  with  previous 
experience  in  the  industry  (4)  to  justify  presentation  at  this  time. 

THEORY 

The  successful  method  herein  presented  is  based  on  the  follow¬ 
ing  theory: 

Henry’s  law  generally  applies  to  the  solubility  of  gases  in  inert 
liquid  at  low  concentrations.  This  law  states  that  at  equilibrium 
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the  concentration  of  a  gas  which  will  dissolve  in  a  solvent  is  di¬ 
rectly  proportional  to  the  partial  pressure  of  the  gas  over  the  sol¬ 
vent. 


p  =  Htx 

where  p  =  partial  pressure  of  solute  over  solution 

Hr  —  proportionality  constant  at  temperature  T 
x  =  mole  fraction  of  solute  in  solvent 

In  the  present  application  the  sulfur  compounds  studied  follow 
closely  Raoult’s  law,  which  is  a  special  case  of  Henry’s  law  in 
which  the  proportionality  constant  is  equal  to  the  vapor  pres¬ 
sure  of  the  pure  solute: 


p  =  pTx  (1) 

where  pT  =  vapor  pressure  of  pure  solute  at  temperature  T 

Since  the  partial  pressure  of  a  component  in  a  gas  mixture  is 
equal  to  the  product  of  its  mole  fraction  and  the  total  pressure, 


p  =  Py 


(2) 


where  P  =  total  pressure 

y  =  mole  fraction  of  solute  in  gas  phase 

Combining  Equations  1  and  2,  at  equilibrium  one  mole  of  sol¬ 
vent  will  contain 


Py 

x  =  —  moles  of  solute 
Pt 


(3) 


Let  n  equal  the  number  of  moles  of  gas  of  composition,  y,  con- 

py 


taining  this  number  — ,  of  moles  of  solute. 
Pt 


Then 
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Py 

ny  =  —  moles  of  solute  in  n  moles  of  gas  (4) 

Pt  ' 

or 

P 

n  =  —  moles  of  gas  (5) 


Figure  1.  Diagram  of  Saturator 


Thus  the  quantity  of  gas,  n,  which  contains  as  much  solute  as 
one  mole  of  liquid  in  equilibrium  with  it  is  dependent  only  on  the 
ratio  of  the  total  pressure  to  the  solubility  coefficient  or  in  this 
case  the  vapor  pressure  of  the  pure  solute  at  the  temperature  in 
question.  On  the  basis  of  a  material  balance,  n  is  therefore  the 
minimum  quantity  of  the  gas  sample  which  could  be  used  to  satu¬ 
rate  one  mole  of  liquid  with  the  solute  and  is  a  unique  function  of 
the  solubility  of  this  solute  in  the  liquid.  Hence  an  experimental 
determination  of  n  reveals  the  solubility  (or  vapor  pressure)  of  the 
solute.  In  the  case  of  organic  sulfur  compounds  this  is  usually 
sufficient  to  identify  them.  The  relationships  are  the  same,  re¬ 
gardless  of  whether  a  liquid  is  being  saturated  by  absorption  of  a 
component  from  a  gas,  or  a  gas  is  being  saturated  by  stripping  a 
component  from  a  liquid. 


Figure  2.  Composition  of  Blow  Run  Gas,  Absorption  Run 


To  determine  these  minimum  gas  quantities  experimentally,  it 
is  necessary  to  have  an  efficient  apparatus  for  contacting  the 
liquid  and  gas,  so  that  when  absorbing  the  sulfur  from  a  gas  at 
least  80  to  90%  of  the  liquid  in  the  saturator  can  be  saturated 
with  the  sulfur  compound  at  the  inlet  gas  composition  before  any 
of  that  compound  appears  in  the  exit  gas,  or  when  stripping  sulfur 
from  a  liquid  80  to  90%  of  the  saturated  liquid  will  be  stripped 
of  a  given  sulfur  compound  before  the  sulfur  concentration  in  the 
exit  gas  drops  below  the  original  saturation  value.  Such  an 
apparatus  is  described  below. 

EQUIPMENT 

A  highly  efficient  saturator  was  constructed  from  twenty  60- 
cm.  (2-foot)  lengths  of  2  X  7  mm.  capillary  tubing  containing  a 
total  of  200  enlargements  as  illustrated  in  Figure  1.  The  sections 
are  connected  by  butt  joints  with  neoprene  tubing.  The  scrub¬ 
bing  liquid,  No.  30  white  oil  obtained  from  L.  Sonneborn  Sons, 
Inc.,  is  introduced  at  the  inlet  end  of  the  saturator  (through  the 
liquid  charging  tube)  and  distributed  by  passing  a  stream  of  hy¬ 
drogen  through  the  saturator.  A  very  small  quantity  of  liquid 
is  retained  in  each  enlargement,  thereby  providing  200  static 
pools  of  solvent.  The  entire  unit  is  immersed  in  a  liquid  bath 
thermostated  to  ±0.5°  C.  A  trap  is  provided  at  the  exit  end  to 
catch  any  excess  liquid  carried  out  of  the  saturator. 

The  exit  gases  were  analyzed  by  converting  the  sulfur  com¬ 
pounds  to  hydrogen  sulfide  over  alumina  at  900  °  C.  followed  by 
spectro photometric  determination  {1,2). 


SAMPLE  PROCEDURE  AND  CALCULATION  FOR  AN  ABSORPTION  RUN 

The  saturator  was  charged  with  48  ml.  of  sulfur-free  No.  30 
white  oil.  The  oil  was  distributed  through  the  cells  by  means  of 
cylinder  hydrogen  and  the  temperature  adjusted  to  14°  C.  Blow 
run  gas  from  the  generators  was  sampled  after  hydrogen  sulfide 
removal  in  a  Thylox  unit  by  filling  a  stainless  steel  cylinder  under 
pressure,  and  the  analysis  was  started  immediately.  The  gas  was 
passed  through  the  saturator  at  a  rate  of  0.005  cubic  foot  per 
minute  and  led  directly  to  the  analyzer  previously  described  (2) ; 
total  sulfur  content  was  determined  at  frequent  intervals.  The 
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Table  I. 

Vapor 

Pressure 

of  Common  Sulfur  Compounds,  Atmosph 

eres 

Temperature, 

0  C. 

Compound 

-20° 

-10° 

0° 

+  10° 

+20° 

+30° 

+  40° 

Reference 

Hydrogen'"sulfide 

5.39 

7.53 

10.2 

13.6 

17.7 

22.6 

28.3 

(3) 

Carbonyl  sulfide 

3 

4.3 

6 

8.2 

11 

14 

18 

(S) 

Methyl  mercaptan 

0.33 

0.52 

0.78 

1.16 

1.68 

2.36 

3.22 

(3) 

Ethyl  mercaptan 

0.095 

0.158 

0.251 

0.398 

0.602 

0.890 

1.284 

(9) 

Dimethyl  sulfide 

0.082 

0.138 

0.226 

0.362 

0.552 

0.812 

1.15 

(5) 

Carbon  disulfide 

0.061 

0.101 

0.132 

0.263 

0.392 

0.550 

0.816 

(5) 

Thiophene 

0.008 

0.016 

0.029 

0  050 

0.082 

0.13 

0.20 

(7) 

volume  of  treated  gas  was  plotted  against  its  sulfur  content  (Fig¬ 
ure  2).  The  total  sulfur  content  of  the  unscrubbed  gas  was  also 
determined  and  is  shown  by  the  dotted  line. 

Identification  of  the  sulfur  compounds  present  depends  on  the 
volume  of  gas  corresponding  to  each  “break”  in  the  curve.  For 
convenience  in  calculating  the  break  volume,  the  vapor  pressures 
of  several  common  organic  sulfur  compounds  have  been  collected 
in  Table  I.  These  values  have  been  interpolated,  extrapolated,  or 
calculated  where  necessary  to  put  the  data  in  the  form  presented. 
The  calculated  break  volumes  for  possible  sulfur  compounds  are 
indicated  by  the  arrows  on  Figure  2.  When  an  increase  in  the 
sulfur  content  of  the  gas  leaving  the  saturator  occurs  at  a  volume 
corresponding  to  the  calculated  break  volume  for  one  of  the  sulfur 
compounds  it  indicates  the  presence  of  that  sulfur  compound  and 
the  magnitude  of  the  increase  in  sulfur  Content  gives  the  concen¬ 
tration  of  that  compound  in  the  gas. 


with  a  sintered-glass  sparger. 
About  50  ml.  of  this  oil 
were  transferred  into  the  satu¬ 
rator  and  distributed  by  means 
of  a  slow  stream  of  hydrogen, 
avoiding  all  contact  with  air. 
The  saturated  oil  was  stripped 
at  19.4°  C.  by  bubbling  a 
stream  of  hydrogen  through 
it  at  a  rate  of  0.007  cubic  foot 
per  minute.  The  exit  gas  was 
analyzed  for  total  sulfur  and 
the  sulfur  content  plotted 
against  gas  volume  as  before. 

The  break  points  for  the  different  sulfur  compounds  were  cal¬ 
culated  exactly  as  in  the  preceding  example.  Because  of  the  dif¬ 
ference  in  temperature  for  the  saturation  and  stripping,  the  con¬ 
centration  of  sulfur  in  the  absorber  of  gas  did  not  correspond  to 
that  in  the  original  sample.  The  correction  was  made  by  means 
of  Raoult’s  law,  as  shown  in  the  following  example  for  carbon 
disulfide. 


Py  =  xpT 


(3) 


In  this  case, 


P 

Pt 

Pt 


=  1 


giving 

and 


0.416  atmosphere  at  19.4°  C. 
0.135  atmosphere  at  —  5°  C. 

2/19-4°  =  0.416  x 


y~  5° 


0.135  x 


The  break  Volume  for  carbon  disulfide,  for  example,  is  calcu¬ 
lated  as  follows: 


P 

n  =  — 

Pt 

Pt  —  0.308  atmosphere  for  CS2  at  14°  C. 
P  =  1  atmosphere 


(5) 


giving  n  =  3.25  moles  of  gas  to  saturate  1  mole  of  oil  with  car¬ 
bon  disulfide. 


But  48  ml.  of  oil  were  used  (density  0.77,  average  molecular 

48  v  O  77 

weight  154);  so  the  amount  of  oil  was  — - +7  =  0.000529 

154  X  454 

pound  mole.  The  amount  of  gas  required  to  saturate  the  oil  in 
the  absorber  is  therefore  3.25  X  0.000529  =  0.00172  pound  mole 
of  gas.  Under  the  wet  meter  conditions  this  gives  a  calculated 

295  760 

break  volume  of  0.00172  X  359  X  X  4-r-f  +  0.02  cubic  foot  of 

£  1  o  <41 

free  space  in  absorber  =  0.70  cubic  foot.  The  presence  of  carbon 
disulfide  in  the  gas  is  shown  in  Figure  2  by  the  sudden  rise  in 
total  sulfur  at  approximately  the  predicted  0.70  cubic  foot  break 
point.  The  amount  of  carbon  disulfide  is  represented  by  the  in¬ 
crease  in  sulfur  corresponding  to  the  break,  or  0.6  grain  of  sulfur 
per  100  cubic  feet  (1  grain  per  100  cubic  feet  =  22.9  micrograms 
per  liter)  at  standard  temperature  and  pressure. 


The  similarity  in  vapor  pressure  of  hydrogen  sulfide  and  car¬ 
bonyl  sulfide  makes  it  difficult  to  distinguish  between  their  break 
points.  Hydrogen  sulfide  was  therefore  determined  independ¬ 
ently  (1  grain  of  sulfur  per  100  cubic  feet)  by  absorption  in  cad¬ 
mium  acetate,  made  acid  with  acetic  acid,  followed  by  iodometric 
titration  (8).  Since  the  analysis  of  the  gas  at  the  end  of  the  ab¬ 
sorption  run  was  7  ±  0.3  grains  of  sulfur  per  100  cubic  feet,  it  was 
not  possible  to  detect  the  presence  of  small  concentrations  of  any 
sulfur  compounds  less  volatile  than  carbon  disulfide.  However, 
by  making  a  stripping  run  it  was  possible  to  determine  the  pres¬ 
ence  of  any  less  volatile  sulfur  compounds  because  as  the  sulfur 
concentration  in  the  gas  drops  below  1  grain  per  100  cubic  feet, 
the  precision  of  the  analysis  becomes  better  than  =0.1  grain  per 
100  cubic  feet  as  illustrated  below. 


GAS  VOLUME,  CUBIC  FEET  (WET  METER  READING) 

Figure  3.  Composition  of  Blow  Run  Gas,  Stripping  Run 


Since  x,  the  concentration  of  gas  in  the  solvent,  is  not  changed 
when  the  saturated  oil  is  warmed  before  stripping,  it  can  be  elim¬ 
inated  from  the  two  equations  to  give 

V- 5°  =  0.33  2/19.4° 

Consequently,  the  concentration  of  carbon  disulfide  found  in 
the  stripping  hydrogen  must  be  multiplied  by  0.33  to  give  the 
corresponding  concentration  in  the  original  gas.  A  similar  cor¬ 
rection  was  made  for  each  component  present. 


EXAMPLE  OF  STRIPPING  RUN 

A  100-ml.  sample  of  white  oil  was  saturated  with  the  same  gas 
in  the  preceding  example  by  bubbling  the  gas  through  the  oil  at  a 
rate  of  70  cubic  feet  per  hour  for  2  hours  at  —  5  0  C.  in  a  flask  fitted 


The  volume  of  gas  is  shown  plotted  against  sulfur  content  in 
Figure  3.  For  convenience  in  comparing  with  the  absorption  run 
on  the  same  gas  (Figure  2),  the  sulfur  concentrations  were  cor¬ 
rected  for  temperature  before  plotting.  As  may  be  seen  from  the 
curve,  most  of  the  hydrogen  sulfide  and  carbonyl  sulfide  was 
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stripped  from  the  oil  before  good  total  sulfur  analyses  were  ob¬ 
tained.  It  is  fof  the  less  volatile  sulfur  compounds  that  the  strip¬ 
ping  run  is  most  accurate.  The  absorption  and  stripping  runs 
therefore  supplement  each  other  and  a  complete  analysis  usually 
requires  both  determinations. 

Figure  4  is  included  to  illustrate  the  behavior  of  a  gas  more  con¬ 
centrated  in  sulfur.  In  this  case  the  gas  is  coke-oven  gas  partially 
purified  by  scrubbing  with  water,  light  oil,  and  ammonium  car¬ 
bonate  solution.  This  preliminary  treatment  removed  essen¬ 
tially  all  of  the  hydrogen  sulfide  and  high-boiling  sulfur  com¬ 
pounds,  leaving  primarily  carbon  disulfide  and  a  little  carbonyl 
sulfide. 

TECHNIQUE  AND  SOURCES  OF  ERROR 

Certain  organic  sulfur  compounds  have  been  demonstrated  (2) 
to  be  relatively  unstable  even  in  an  inert  solvent  such  as  white 
oil.  Exposure  to  oxygen  or  to  metal  walls  can  also  affect  the  sul¬ 
fur  content  of  a  gas  or  solution.  For  this  reason  analyses  are 
completed  as  rapidly  as  possible  and  the  procedures  for  sampling 
are  arranged  to  minimize  such  losses.  The  equipment  itself  is  of 
glass  and  quartz  with  neoprene-connected  butt  joints  where  re¬ 
quired. 


Figure  4.  Composition  of  Coke-Oven  Gas  after  Preliminary 
Scrubbing,  Absorption  Run 


White  oil  was  selected  as  the  scrubbing  liquid  because  it  com¬ 
bines  to  an  unusual  degree  the  desirable  properties  of  inertness, 
low  volatility,  and  low  viscosity.  Other  solvents  can  be  used, 
provided  they  do  not  react  with  the  sulfur  compounds  and  are 
not  volatilized  to  any  large  extent  during  the  analysis.  A  more 
viscous  solvent  might  require  more  plates  in  the  saturator  in 
order  to  give  satisfactorily  sharp  breaks.  The  greater  the  number 
of  plates  the  sharper  the  breaks  but  also  the  more  solvent  holdup, 
and  hence  the  larger  gas  samples  required  for  an  analysis. 

Since  the  volume  of  gas  required  for  an  identification  run  is 
directly  proportional  to  the  solubility  of  the  sulfur  compounds 
and  the  volume  of  solvent  used,  it  is  possible  to  separate  the 


Table  II.  Sulfur  Content  of  Plant  Gases 

Grains  of  Sulfur  per  100  Cubic  Feet  (S.T.P.) 


Gas  Analyzed 

H2S 

COS 

CHjSH 

CS2 

Higher 

boiling 

Total 

Coke-oven  gas  after  re¬ 

moval  of  benzene,  NHa, 

h2s,  co2 

0 

0.7 

0.8 

46.5 

0.5 

48.5 

Water  gas  from  coke® 

Blue  gas 

0.5 

3.6 

0.25 

0.35 

0.02 

4.7 

Blow  run  gas 

1.0 

5.5 

0 

0.6 

0.02 

7.1 

°  After  partial  H2S  removal. 

break  points  of  two  sulfur  compounds  of  similar  solubilities  by 
increasing  the  quantity  of  solvent  or  lowering  the  temperature 
of  the  solvent  to  increase  the  solubility  of  the  sulfur  compounds. 

The  absorption  of  appreciable  quantities  of  any  component  of 
the  gas  being  analyzed  will  complicate  the  determination,  since 
the  net  effect  is  to  change  the  quantity  and  quality  of  the  solvent 
medium.  Analysis  for  the  sulfur  compounds  present  in  a  “wet” 
natural  gas  would  offer  this  type  of  difficulty,  since  it  might  con¬ 
tain  about  100  grains  of  gasoline  per  cubic  foot  of  gas.  Correc¬ 
tions  for  this  type  of  interference  can  be  made  by  measuring  the 
increase  in  solvent  volume  and  determining  the  solubility  of  the 
sulfur  compounds  in  the  resultant  solvent. 

Usually  both  an  absorption  and  a  stripping  run  are  required  for 
a  complete  analysis  of  a  gas.  If  desired,  the  stripping  run  can  be 
performed  directly  on  the  oil  saturated  in  the  absorption  run. 
However,  the  length  of  time  required  for  complete  saturation  may 
lead  to  errors  arising  from  instability  of  the  solution.  The  satu¬ 
rating  technique  described  using  a  simple  scrubbing  bottle  has  the 
dual  advantage  of  rapid  saturation  and  convenient  use  of  a  low  ab¬ 
sorption  temperature.  Low-temperature  saturation  followed  by 
higher  temperature  stripping  increases  the  sulfur  concentration  in 
the  stripping  gas  and  therefore  the  accuracy  of  the  determination. 

The  organic  sulfur  is  converted  to  hydrogen  sulfide  for  analysis 
as  previously  described  (2) ,  except  that  only  1  ml.  instead  of  6 
ml.  of  alumina  catalyst  is  employed.  The  smaller  quantity  of  cata¬ 
lyst  minimizes  the  adsorption  of  sulfur  and  hence  gives  a  quicker 
response  to  changes  in  composition.  The  hydrogen  sulfide  may 
be  determined  by  any  sufficiently  sensitive  procedure,  such  as  the 
spectrophotometric  method  ( 1 )  or  the  lead  acetate-impregnated 
tape  technique  of  Moses  and  Jilk  ( 6 ).  The  sensitivity  of  the 
analyses  for  hydrogen  sulfide  is  of  paramount  importance  since, 
as  can  be  seen  from  Figures  2,  3,  and  4,  it  is  necessary  to  obtain 
gas  analyses  at  frequent  intervals  in  order  to  detect  sharp  break 
points. 

RESULTS 

The  results  obtained  with  this  method  on  three  common  com¬ 
mercial  gases  are  summarized  in  Table  II. 

In  coke-oven  gas  the  major  impurity  remaining  after  the  usual 
procedures  for  by-product  recovery  is  carbon  disulfide,  although 
significant  amounts  of  carbonyl  sulfide,  methyl  mercaptan,  and 
high-boiling  sulfur  compounds  are  also  present.  In  water  gas,  on 
the  other  hand,  carbonyl  sulfide  is  the  major  impurity.  Similar 
analyses  following  attempted  purification  are  especially  useful  in 
revealing  which  types  of  compounds  escape  treatment. 
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Evaluation  of  Laboratory  Distillation  Apparatus 

Improved  Oldershaw  Glass  Bubble  Plate  Columns,  Automatic  Still 

Heads,  and  Accessories 

FRANK  C.  COLLINS  and  VERNON  LANTZ 
Shell  Development  Company,  Emeryville,  Calif. 


Novel  test  methods  have  been  developed  for  evaluating  laboratory 
distillation  apparatus  under  conditions  approximating  actual  opera¬ 
tion  rather  than  under  ideal  conditions  for  maximum  separation.  In 
particular,  the  effect  of  reflux  ratio  on  efficiency  and  separation  has 
been  studied.  Test  methods  for  evaluating  the  other  principal 
characteristics  of  distillation  apparatus  are  also  described  in  detail. 
The  Oldershaw  glass  bubble  plate  column  has  been  improved  and 
studied,  using  the  test  methods  described.  The  column  has  been 
found  highly  satisfactory  for  analytical  distillations  of  hydrocarbon 
mixtures  because  of  uniformity  of  its  operating  characteristics. 
Automatic  still  heads  and  other  accessory  equipment  have  been 
developed  which  contribute  to  the  uniformity  of  the  performance  of 
the  column. 

ANALYTICAL  distillations  are  of  increasing  importance  as  a 
control  and  specification  test  for  petroleum  products  and 
as  a  general  research  tool.  In  consequence,  the  comparative 
performance  of  the  several  types  of  distillation  apparatus  in 
general  use  is  of  considerable  interest.  However,  data  obtained 
for  the  operating  variables  of  any  given  distillation  apparatus 
may  depend  to  a  large  degree  upon  the  methods  of  measurement 
used.  While  Ward  (10)  has  discussed  in  a  comprehensive  manner 
the  interrelation  of  the  principal  variables  in  column  performance, 
there  is  no  generally  accepted  system  of  test  methods  for  experi¬ 
mentally  evaluating  the  significant  variables  of  distillation 
apparatus  performance.  The  usual  practice  has  been  to  evaluate 
distillation  apparatus  under  idealized  conditions  of  total  reflux, 
long  equilibration  time,  etc.  However,  the  extrapolation  of  such 
data  to  actual  operation  at  finite  reflux  ratios  may  lead  to  ques¬ 
tionable  results  in  the  case  of  small-scale  laboratory  columns. 
It  has  been  found  for  such  columns  that  actual  separations  ob¬ 
tainable  at  finite  reflux  ratios  are  generally  appreciably  lower 
than  would  be  predicted  from  column  efficiencies  measured  at 
total  reflux. 

A  series  of  test  methods  has  been  devised  for  measuring  the 
Drincipal  variables  affecting  column  operation  under  conditions 
approximating  actual  operation.  In  particular,  test  procedures 
lave  been  devised  for  evaluating  column  efficiency  at  finite  reflux 
•atios,  for  measuring  feed  rates  to  the  column,  operating  holdup, 
static  holdup,  heat  loss,  pressure  drop,  and  the  actual  reflux 
■atios  provided  by  automatic  still  heads. 

This  article  includes  a  detailed  description  of  test  methods  and 
m  example  of  their  application  to  an  improved  form  of  the  Older- 
ihaw  bubble  plate  column  (6). 

Among  the  columns  in  common  use  in  various  laboratories  for 
malytical  distillations  are  the  glass  helices  packed  column  (11), 
fie  Podbielniak  Heligrid  (7),  the  Stedman  screen  cone  column 
9),  and  the  Oldershaw  bubble  plate  column  (6‘).  Preliminary 
■omparisons  made  on  these  columns  indicated  that  the  Older- 
fiaw  column  has  exceptionally  high  throughput  capacity  and  a 
ow  operating  holdup  per  theoretical  plate  relative  to  other 
■olumns.  These  facts,  together  with  the  fact  that  the  fraction¬ 
ating  efficiency  of  the  column  is  nearly  independent  of  the 
firoughput  rate  and  shows  no  significant  variation  with  time  or 
rom  column  to  column,  make  the  bubble  plate  column  an  ex- 
:ellent  tool  for  analytical  distillations,  especially  in  commercial 
aboratories  where  high  fractionating  efficiency  for  a  given  length 


of  column  is  a  secondary  consideration  compared  with  reproduci¬ 
bility  of  results  and  length  of  distillation  time.  The  bubble  plate 
column  as  originally  described  by  Oldershaw  has  been  improved 
by  making  the  plates  more  uniform  and  by  increasing  the  number 
of  holes  per  plate,  thus  materially  increasing  the  throughput 
capacity  of  the  column.  Auxiliary  equipment,  such  as  automatic 
still  heads,  timers,  and  product  receivers,  has  been  developed 
which  has  contributed  to  the  reproducibility  of  the  data  obtainable 
with  the  glass  bubble  plate  column.  (The  columns  and  other 
equipment  tested  were  manufactured  by  the  Glass  Engineering 
Laboratories,  San  Carlos,  Calif.) 

DEFINITIONS 

Because  of  the  appreciable  heat  loss  in  laboratory  batch  dis¬ 
tillations,  the  standard  nomenclature  used  in  large-scale  con¬ 
tinuous  distillation  is  not  readily  applicable.  The  following 
definitions  of  terms  used  in  the  present  article  are  given  to  avoid 
possible  ambiguities. 

Feed  Rate  (F,  ml.  per  hour).  The  rate  of  entry  of  vapor  into 
the  bottom  of  the  column,  in  terms  of  the  equivalent  volume  of 
liquid. 

Overhead  Rate  (0,  ml.  per  hour).  The  rate  of  removal  of 
vapor  from  the  top  of  the  column,  in  terms  of  the  equivalent 
volume  of  liquid.  This  is  equal  to  the  reflux  rate  plus  the  product 
rate. 

Condensation  Rate  (C,  ml.  per  hour).  The  condensation  rate 
due  to  heat  loss  in  the  column.  This  is  equal  to  the  difference 
between  the  feed  and  overhead  rates. 

Product  Rate  (P,  ml.  per  hour).  The  liquid  distillate  take-off 
rate. 

Reflux  Rate  (R,  ml.  per  hour).  The  rate  of  return  of  con¬ 
densed  overhead  to  the  top  of  the  column. 

Reflux  Ratio  (R/P).  The  reflux  rate  divided  by  the  product 
rate. 

The  following  relations  hold  for  a  batch  column  operating  at 
constant  feed  rate. 

F  =  0  +C 


0  =  P  +  R 


Number  of  Theoretical  Plates.  The  number  of  successive 
infinitesimal  vaporizations  at  equilibrium  required  to  give  the 
measured  separation.  The  qualification  “infinitesimal”  requires 
measurements  to  be  made  at  total  reflux  (or  to  be  corrected  for 
the  effect  of  reflux  ratio  as  described  by  McCabe  and  Thiele,  5). 

Plate  Equivalents.  A  quantity  numerically  equal  to  the 
number  of  theoretical  plates  operating  at  total  reflux  which 
would  give  the  separation  obtained  when  the  column  is  operating 
at  a  finite  reflux  ratio. 

CRITERIA  AND  TEST  METHODS 

The  following  characteristics  of  column  performance  were 
studied: 

1.  Fractionating  efficiency  and  its  variation  with  feed  rate. 

2.  Actual  separation  obtained  at  various  reflux  ratios. 

3.  Flood  point  or  feed  capacity  with  liquids  of  various  surface 
tensions. 
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4.  Pressure  drop  of  the  column  and  its  variation  with  feed  rate 
using  liquids  of  various  surface  tensions. 

5.  Operating  holdup  and  its  variation  with  feed  rate. 

6.  Drainage  or  static  holdup. 

7.  Accuracy  of  the  reflux  ratios  provided  by  the  two  types  of 
still  heads  and  the  variation  of  reflux  ratio  with  overhead  rate. 

8.  Condensation  in  the  column  due  to  heat  loss  through  the 
Dewar  jacket  and  variation  of  heat  loss  from  column  to  column. 

All  efficiency  measurements  were  made  with  the  n-heptane- 
methylcyclohexane  binary  using  the  equilibrium  composition  of 
Beatty  and  Calingaert  (2)  and  the  refractive  index  data  of 
Bromiley  and  Quiggle  (8).  The  refractive  indices  of  the  test 
samples  were  measured  with  a  Pulfrich  refractometer  with  a 
precision  of  0.0001  unit  which  corresponds  to  about  0.13  theo¬ 
retical  plate  in  the  0.3  to  0.4  mole  per  cent  region  of  the  McCabe- 
Thiele  diagram  for  w-heptane-methylcyclohexane.  The  refrac¬ 
tive  indices  obtained  for  the  pure  materials  are  compared  with 
the  values  given  by  Bromiley  and  Quiggle  (3)  in  Table  I. 


Table  I.  Refractive  Indices  of  Materials  Used  for  Column  Testing 

Boiling  Observed  Literature" 

Point,  Refractive  Index,  Refractive  Index, 
Material  0  C.  n ^ 

n-Heptane  98.4  1.3878  1.3877 

Methylcyelohexane  100 .8  1.4229  1 . 423 1 

“  Bromiley  and  Quiggle  (3). 


The  overhead  rate  could 
not  be  conveniently  meas¬ 
ured  directly,  since  operat¬ 
ing  the  column  at  total  take¬ 
off  upsets  the  operating 
conditions  because  of  the 
absence  of  reflux.  Accord¬ 
ingly  the  column  operating 
rates  were  determined  in 
terms  of  the  reflux  to  flask 
rate  at  total  reflux  (corre¬ 
sponding  to  the  feed  rate) 
which  was  measured  with 
the  reflux  trap  shown  in 
Figure  2.  The  overhead 
rate  differs  from  the  feed 
rate  by  the  condensation 
rate  due  to  heat  loss  in  the 
column  and  accordingly 
may  be  estimated  from  the 
feed  rate  if  the  heat  loss  of 
the  column  is  known. 

The  column  heat  loss  was  determined  by  measuring  the  reflu) 
to  flask  when  operating  the  column  at  a  rate  barely  sufficient  tc 
produce  reflux  in  the  still-head  condenser.  The  measured  rati 
thus  approximated  the  condensation  rate  of  the  column.  It  was 
established  by  other  means  that,  as  might  be  expected,  the  con 
densation  rate  of  the  column  due  to  heat  loss  is  substantial!} 


Figure  3.  Improved  Older- 
shaw  Bubble  Plate  Column 
with  Detail  View  of  One 
Plate 


In  making  measurements  at  total  reflux,  the  samples  of  the  dis¬ 
tillate  and  the  reflux  to  the  flask  were  collected  as  described  by 
Oldershaw  ( 6 )  after  equilibrating  the  column  for  1.5  hours.  In 
the  efficiency  measurements  at  finite  reflux  ratios,  the  distillate 
was  continuously  returned  to  the  flask  through  a  U-tube,  as 
diagrammatically  shown  in  Figure  1,  thus  operating  the  column 
essentially  as  a  continuous  still.  The  separation  efficiencies  at 
finite  reflux  ratios  were  calculated  in  terms  of  theoretical  plates 

by  the  method  of  McCabe 
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and  Thiele  ( 5 )  and  as  “plate 
equivalents”  as  suggested  by 
Baker  et  al.  ( 1 )  by  using  the 
McCabe  and  Thiele  diagram 
with  the  same  operating  line 
as  at  total  reflux. 
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Figure  1.  Distillation  Column  and  Ac- 
Arranged  for  Fractionating 
Efficiency  Tests 


independent  of  the  feed  rate. 

The  pressure  drop  of  the  column  was  determined  by  measuring 
the  difference  in  levels  of  the  liquid  in  the  U-tube  connecting  the 
flask  and  the  still  head.  The  feed  capacity  or  flood  point  was 
determined  by  visual  observation  as  the  feed  rate  was  slowl} 
increased. 

The  operating  holdup  was  measured  by  cutting  off  the  currenl 
to  the  bare-wire  immersion-heater  and  simultaneously  closing  the 
stopcock  of  the  reflux  trap,  Figure  2.  The  liquid  collecting  in  the 
trap  was  drained  through  a  suitable  cooler  and  was  measurec 
volumetrically. 

The  electrical  timer  was  first  calibrated  by  measurement  of  the 
off-on  time  ratios  by  means  of  a  chronograph.  The  distillate 
rates  delivered  by  the  types  of  still  heads  at  various  nominal  re¬ 
flux  ratios  and  overhead  rates  were  then  measured  and  the  actua 
reflux  ratios  calculated.  The  overhead  rates  were  measured  with¬ 
out  the  column  by  mounting  the  still  head  directlj 
on  the  reflux  trap. 


DISTILLATION  APPARATUS 


The  items  of  distillation  apparatus  evaluated  bj 
the  present  test  methods  are  described  in  detail  below. 


cessories 


Figure  2.  Trap  for  Measur¬ 
ing  Feed  Rate 


The  improved  Oldershaw  column  (Figure  3)  consists 
of  a  series  of  perforated  glass  plates  sealed  into  a 
tube.  Each  plate  is  equipped  with  a  baffle  to  direct 
the  flow  of  liquid,  a  weir  to  maintain  the  proper  liquid 
level  on  the  plate,  and  a  reflux  return  tube.  The  innei 
diameter  of  the  standard  column  is  26  to  28  mm.  The 
holes  in  the  plates  are  drilled  with  a  red-hot  tungsten 
wire  of  0.89- mm.  (0.035-inch)  diameter.  The  numbei 
of  holes  per  plate  has  been  increased  to  82  from  the 
42  described  by  Oldershaw  ( 6 ) .  The  ascending  vapoi 
stream  flows  through  the  holes  in  the  plates  and 
bubbles  through  the  liquid  reflux.  The  lowermost 
plate  in  the  column  serves  as  a  small  reservoir  which 
is  necessary  to  maintain  a  liquid  seal  for  the  drain 
tube  from  the  first  regular  plate.  The  column  is  pro¬ 
vided  with  an  integral  Dewar  jacket  with  expansior 
bellows,  permitting  use  of  a  30-plate  column  tc 
250°  C.  The  details  of  the  method  of  construction 
have  been  described  by  Oldershaw  (6) . 

The  automatic  vapor-dividing  still  head  (Figure  4) 
includes  a  glass  valve  plunger  which  is  arranges 
to  direct  the  vapor  stream  selectively  to  the  re- 


ANALYTICAL  EDITION 


675 


November,  1946 


The  reflux  ratio  controller  consists  of  a  time 


Table  II.  Fractionating  Efficiency  and  Operating  Holdup  of  Improved  Bubble 

Plate  Column 

Column  dimensions:  27  to  28  mm.  inside  diameter,  30  actual  plates,  80  holes  per  plate, 
0.9-mm.  diameter  holes,  25-mm.  spacing  between  plates) 

Operating 


Column  Operating 

Reflux 

Fractionating  Efficiency 

Holdup 

quotient® 

Rate 

Ratio 

Theoretical 

Plate 

Plate 

Feed 
Ml./ hour 

Overhead 
Ml. /hour 

(to  1) 

plates 

efficiency 

% 

equivalents 

Total 

Ml. 

(x  iop 

1500 

1300 

03 

17.2 

57 

47 

1  82 

2500 

2300 

CO 

18.8 

63 

50.5 

1.07 

3000 

2800 

CO 

19.4 

65 

53 

0.91 

3500 

3300 

CO 

18.2 

61 

55.5 

0.87 

4000 

3800 

CO 

16.7 

56 

59 

0.88 

1500 

1300 

27 

17.1 

57 

12.6 

47 

1.83 

2500 

2300 

27 

17.4 

58 

12.7 

50.5 

1.06 

3000 

2800 

27 

18.0 

60 

12.7 

53 

0.98 

3500 

3300 

27 

17.0 

57 

12.6 

55.5 

0.93 

4000 

3800 

27 

16.6 

55 

12.3 

59 

0.89 

3000 

2800 

64 

18.2 

61 

15.5 

53 

0.97 

3000 

2800 

42 

18.0 

60 

14.4 

53 

0.98 

3000 

2800 

13 

14.9 

50 

9.1 

53 

1.18 

°  Ml.  holdup  per  theoretical  plate  per  ml.  per  hour  feed. 


switch  driven  by  a  small  synchronous  motor  and  is 
of  conventional  design.  It  is  adapted  to  deliver 
periodic  currents  of  3  seconds’  duration  and  is 
adjustable  to  provide  nominal  reflux  ratios  in  the 
range  of  2/1  to  100/1. 

The  combined  condenser  and  product  receiver 
(Figure  6)  consists  of  a  liquid-jacketed  graduated 
tube  with  a  coiled  vent  line  enclosed  in  the  liquid 
jacket.  For  distillations  of  low-boiling  liquids 
it  is  desirable  to  provide  an  external  Dewar  jacket 
as  shown  to  prevent  frosting. 

A  satisfactory  flask  and  heater  for  analytical 
distillations  should  combine  safety,  low  heat 
capacity,  high  potential  heat  input,  and  ability 
to  distill  the  charge  to  negligible  residue  without 
excessive  charring.  No  completely  satisfactory 
flask  and  heater  has  been  tested  to  date.  For 
the  purposes  of  column  evaluation  a  500-watt 
bare  Chromel  A  wire  immersion  heater  was  used. 
It  has  the  advantage  of  low  heat  capacity  and 
immediate  response  to  regulation. 


lux  condenser  or  to  the  product  condenser.  A  direct  current 
olenoid  operates  the  plunger  at  timed  intervals.  The  still- 
lead  temperature  is  measured  by  a  partial  immersion  thermom¬ 
iter  provided  with  a  standard-taper  joint.  The  still  head  is 
ompletely  Dewar-jacketed  to  improve  the  accuracy  of  the 
emperature  measurements,  to  prevent  heat  losses  from  up- 
etting  the  accuracy  of  the  reflux  ratio,  and  to  permit  use  of  the 
till  head  with  liquids  that  boil  below  room  temperature.  The 
ountercurrent  relation  of  the  vapor  and  reflux  streams  in  the 
eflux  condenser  minimizes  supercooling  of  the  reflux.  The  reflux 
ondenser  is  preferably  also  Dewar-jacketed  as  shown  to  prevent 
rosting  when  low-boiling  materials  are  distilled. 

The  alternative  liquid-dividing  still  head  (Figure  5)  has  a 
ilting  funnel  which  receives  the  liquid  stream  from  the  reflux 
ondenser  and  normally  returns  it  to  the  column.  The  funnel  is 
ipped  at  timed  intervals  by  a  solenoid  to  deliver  the  liquid  to  the 
iroduct  receiver.  The  liquid-dividing  still  head  is  otherwise 
imilar  to  the  vapor-dividing  still  head. 


EXPERIMENTAL 

Tests  were  conducted  on  a  typical  bubble  plate  column  at 
infinite  reflux  ratio  and  at  a  nominal  reflux  ratio  of  20  to  1  using 
various  feed  rates.  Tests  were  also  made  at  various  reflux  ratios 
using  a  constant  feed  rate  of  3000  ml.  per  hour.  The  data  given 
in  Table  II  and  presented  graphically  in  Figures  7  and  8  show 
the  effects  of  feed  rate  and  reflux  ratio  upon  column  efficiency  to 
be  evident  although  not  large.  The  fractionating  efficiency  has  a 
peak  value  at  a  feed  rate  in  the  neighborhood  of  3000  ml.  per  hour. 
However,  optimum  separation  is  obtained  at  a  given  product  rate 
by  operating  the  column  at  a  somewhat  higher  feed  rate  and  a 


Figure  4.  Automatic  Vapor-Dividing  Still  Head 


higher  reflux  ratio.  This  may  be  seen  from  Figure  9  in  which 
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Table  III.  Comparative  Fractionating  Efficiencies  and  Heat  Losses  of 
Sample  Bubble  Plate  Columns 


Maximum 

Fractionating  Efficiency0 

Condensation  Rate 

Column 

Feed 

Theoretical 

Plate 

of  n-Heptane  Due 

No. 

Rate 

plates 

efficiency 

to  Heat  Loss 

Ml. /hour 

% 

Ml. /hour 

1 

5200 

19.4 

65 

200 

2 

5150 

19.1 

64 

260 

3 

5200 

19.3 

64 

170 

4 

4730 

19.9 

66 

180 

5 

4500 

20.8 

69 

190 

6 

4250 

19.8 

66 

230 

°  At  3000  ml.  per  hour  feed  and  infinite  reflux  ratio. 


separation  expressed  in  plate 
equivalents  is  plotted  against 
feed  rate,  the  reflux  ratio 
being  varied  to  provide  a 
constant  product  rate. 

A  number  of  bubble  plate 
columns  of  identical  dimen¬ 
sions  were  tested  with  respect 
to  efficiency  under  similar 
conditions  of  overhead  rate 
and  reflux  ratio.  The  data 
(Table  III)  indicate  no  ap¬ 
preciable  difference  in  frac¬ 
tionating  efficiency  among 
the  several  columns. 

The  data  on  operating  hold¬ 
up  at  various  feed  rates  and 
reflux  ratios  are  given  in  Table 
II  and  shown  in  Figures  7  and 
8.  It  will  be  seen  that  the  holdup  increases  nearly  linearly  with 
feed  rate  and  is  practically  independent  of  the  reflux  ratio.  The 
holdup  is  also  given  in  terms  of  operating  holdup  per  theoretical 
plate  per  unit  feed  rate,  an  important  quantity  in  column  evalua¬ 
tion.  Rose,  Welshans,  and  Long  (8)  have  shown  that  the  sharp¬ 
ness  of  separation  obtainable  in  a  batch  distillation  is  approxi¬ 
mately  a  linear  function  of  the  ratio  of  charge  to  holdup.  Thus, 
decreasing  the  holdup  relative  to  feed  rate  enables  a  sharper  separa¬ 
tion  to  be  obtained  with  the  same  number  of  theoretical  plates  and 
same  total  distillation  time.  Therefore  gains  in  efficiency  accom¬ 
panied  by  increase  in  operating  holdup  as  in  the  bubble  plate 


Figure  7.  Influence  of  Feed  Rate  upon  Efficiency,  Separation, 
and  Operating  Holdup 

30-actual-plate  column 

column  of  Langdon  and  Tobin  (4)  may  lead  to  an  actua 
decrease  in  the  sharpness  of  separation  in  a  given  batch  dis 
tillation. 

The  residual  drainage  or  static  holdup  of  the  column  afte: 
draining  10  minutes  is  0.6  ml.  total  or  0.02  ml.  per  plate  whei 
distilling  ^-heptane.  Longer  drainage  time  does  not  reduce  th< 
static  holdup.  The  static  holdup  does  not  vary  significantly 
with  the  viscosity  in  the  case  of  light  hydrocarbon  distillates. 

The  pressure  drop  and  feed  capacity  of  the  bubble  plate  columi 
are  largely  dependent  upon  the  surface  tension  of  the  liquid  beinj 
distilled,  because  of  the  capillarity  of  the  bubble  plate  holes 
The  pressure  drop  of  the  column  was  measured  at  various  rate: 
using  several  different  liquids.  The  relevant  physical  propertie: 
of  these  liquids  are  summarized  in  Table  IV.  The  data  given  ii 
Table  V  indicate  that  the  column  is  satisfactory  for  material: 
such  as  hydrocarbons  but  is  less  suitable  for  liquids  having  higl 
surface  tension,  because  of  greatly  reduced  overhead  capacity 
Small  amounts  of  w  ater  in  the  material  being  distilled  may  rende: 
the  column  inoperative.  Accordingly,  material  which  may  con 
tain  water  should  be  dried  with  a  suitable  desiccant  before  distil 


denser  and  Product  Re¬ 
ceiver 


Table  IV.  Physical  Properties  of  Materials  Used  for  Pressure  Drop 

Measurements 


Boiling 

Density 

Surface  Tension 

Material 

Point 

At  20°  C. 

At  b.p. 

At  20°  C.  At  b.p. 

0  C. 

Grams/ml. 

Dynes/ cm. 

n-Heptane 

98.4 

0 . 6837 

0.6180 

20.26  12  5 

Methylcyclohexane 

100.8 

0.7691 

0.6989 

23.73  15.7 

Benzene 

80.1 

0 . 8790 

0.8153 

29.02  21  3 

Formic  acid 

100.8 

1.220 

1.170 

37.6  29.0 

ling.  The  pressure  drop  of  the  column  at  reduced  still-head  pres 
sures  was  also  measured  using  a  mixture  of  n-heptane  and  methyl 
cyclohexane.  The  data  given  in  Table  VI  indicate  a  sharj 
dropping  off  of  overhead  capacity  with  decreasing  still-head  pres 
sure.  Thus,  for  high  feed  rates,  the  column  is  not  useful  at  still 
head  pressures  much  below  250  mm. 

The  maximum  overhead  capacity  of  a  well-constructed  bubbl< 
plate  column  should  be  such  as  to  permit  a  feed  rate  of  5000  ml 
per  hour  when  a  mixture  of  methylcyclohexane  and  n-heptane  I 

refluxed.  However,  since  thf 
poorest  bubble  plate  determine: 
the  maximum  reflux  rate,  flood 
ing  may  occur  at  feed  rate: 
considerably  below  5000  ml.  pei 
hour.  Columns  having  maxi 
mum  feed  rates  in  excess  of  400( 
ml.  per  hour  are  ordinarily  con 
sidered  satisfactory. 

Heat  loss  data  for  a  numbe: 
of  typical  bubble  plate  column: 
of  30  actual  plates  are  given  ii 
Table  III.  The  condensatioi 
rate  due  to  heat  loss  is  very 
nearly  independent  of  the  fee< 
rate  for  a  material  of  given  boil 
ing  point  and  heat  of  vaporiza 


a  Calculated  from  values  at  lower  temperatures  using  Edtvos  equation. 


Table  V.  Pressure  Drop  of  Bubble  Plate  Column  with  Liquids  of  Various  Surface  Tensions 


7i-Heptane _  Methylcyclohexane 


Feed 

Pressure 
drop  per 

Pressure 
drop  per 

rate 

actual  plate 

actual  plate 

Ml. /hour 

Mm. 

Hg 

Mm. 
liquid a 

Ml. /hour 

Mm. 

Hg 

Mm. 
liquid 1 

1000 

1000 

1500 

0.50 

ii.i 

1500 

0.62 

12.1 

2000 

0.53 

11.6 

2000 

0.63 

12.3 

2500 

0  55 

12.0 

2500 

0.65 

12.6 

3000 

0.57 

12.5 

3000 

0.67 

13.0 

3500 

0  60 

13.1 

3500 

0.71 

13.8 

4000 

0.64 

14.1 

4000 

0.77 

15.0 

4500 

0.70 

15.4 

4500 

0.85 

16.5 

5000 

0,77 

16.9 

5000 

0.93 

18. 1 

5230  6 

0.80 

17.6 

5230  *> 

0.97 

18.9 

a  Mm.  of  refluxing  liquid  at  boiling  point. 
&  Flood  point  of  column  with  given  liquid. 


Benzene  Formic  Acid 


Pressure 

Pressure 

drop  per 

drop  per 

actual  plate 

actual  plate 

Ml. /hour 

Mm. 

Mm. 

Mm. 

Mm. 

Hg 

liquida 

Ml. /hour 

Hg 

liquid a 

1000 

0.76 

12.7 

200 

0.88 

10.2 

1500 

0.82 

13.6 

400 

0.95 

11.0 

2000 

0.84 

13.9 

600 

1.02 

11.8 

2500 

0.87 

14.4 

800 

1.09 

12.7 

3000 

0.91 

15.2 

1000 

1.18 

13.7 

3500 

1.00 

16.7 

1125& 

1.23 

14.3 

4000 

1.11 

18.5 

4280  b 

1.17 

19.5 

677 


[November,  1946 


ANALYTICA 


Table  VI.  Pressure  Drop  of  Bubble  Plate  Column  at  Various  Still- 
Head  Pressures 

Material  refluxed:  mixture  of  n-heptane  and  methylcyclohexane,  surface 
tension  at  100°  C.  =  13.2  dynes  per  cm.) 


Feed 

Rate 


Ml. /hour 

1500 
2000 
2500 
3000 
i  3500 
4000 


Still-Head  Pressure  Drop  per  Actual  Plate 


760  Mm.  Hg 

500  Mm.  Hg 

250  Mm.  Hg 

Mm.  Hg 

Mm. 
liquid a 

Mm.  Hg 

Mm. 
liquid a 

Mm. 

Mm.  Hg  liquid*  1 2 3 4 5 6 7 8 9 10 11 

0.598 

12.3 

0.624 

12 '.  6 

0.668  13.1 

0.724  14.2 

0  612 

12.6 

0.649 

13.1 

0.852  16.7 

0.632 

13.0 

0.718 

14.5 

Floods 

0.675 

13.9 

0.802 

16.2 

0.719 

14.8 

Floods 

a  Based  upon  total  pressure  drop  as  measured  at  U-tube  in  distillate  return 
[tlbe  (see  Figure  1) . 


tion.  The  heat  loss  may  vary  considerably  from  column  to 
column.  A  well-constructed  vacuum  jacket,  however,  should  al¬ 
low  a  condensation  rate  of  only  about  200  ml.  per  hour  of  n-heptane. 

Two  types  of  completely  vacuum-jacketed  automatic  still  heads 
have  been  used  with  the  bubble  plate  column— i.e.,  the  vapor- 
dividing  and  the  liquid-dividing  types  (Figures  2  and  3).  While 
both  types  are  satisfactory  with  respect  to  providing  accurately 
reproducible  reflux  ratios,  the  vapor-dividing  type  is  believed  to 
be  preferable  for  the  following  reasons;  A  well-constructed 
vapor-dividing  still  head  provides  less  product  leakage  at  total 
reflux  than  the  liquid-dividing  type.  The  fragile  moving  parts 
are  more  easily  removed  and  repaired  in  the  vapor-dividing  than 
in  the  liquid-dividing  type.  The  vapor-dividing  type  tends  to 
provide  actual  reflux  ratios  which  are  closer  to  the  off-on  ratio  of 
the  electrical  timer  than  does  the  liquid-dividing  type.  The 
liquid-dividing  type  is  disadvantageous  in  that  it  permits  loss  of 
reflux  to  the  product  take-off  in  the  event  of  flooding  of  the  still 
head.  This  is  an  important  consideration  if  the  still  head  is  to 
be  used  in  conjunction  with  a  packed  column,  because  proper 
technique  calls  for  the  preliminary  flooding  of  the  column  to  wet 
the  column  packing  thoroughly  before  commencing  distillation . 


Figure  8.  Effect  of  Reflux  Ratio  upon  Efficiency  and 
Separation 


Feed  rate,  3000  ml.  per  hour.  30-actual-plate  column 


Figure  9.  Influence  of  Feed  Rate  upon  Separation  at 
Constant  Product  Rate 


Reflux  ratio  increased  with  increasing  feed  rate  to  provide  constant  product 
take-off  rate.  30-actual-plate  column 
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Data  for  the  actual  reflux  ratios  provided  by  particular  still 
heads  of  the  two  types  at  various  overhead  rates  and  nominal 
reflux  ratios  are  given  in  Tables  VII  and  VIII.  It  will  be  noted 
that,  in  all  cases,  the  actual  reflux  ratios  provided  by  the  still 
heads  are  higher  than  the  off-on  time  ratios  provided  by  the  elec¬ 
trical  timer.  This  can  be  compensated  for  by  setting  the  timer  to 
a  ratio  slightly  lower  than  that  which  it  is  desired  to  maintain. 
The  reflux  ratio  provided  by  either  of  the  two  types  of  still  head 
appears  to  be  nearly  independent  of  the  overhead  rate. 

The  actual  reflux  ratio  provided  by  a  given  still  head  will  de¬ 
pend  upon  such  considerations  as  distance  of  travel  of  the  valve 
plunger  or  tipping  funnel,  adjustment  of  solenoid  with  respect 
to  its  armature,  and  amount  of  condensation  produced  in  the  lower 
portion  of  the  still  head  by  the  supercooled  reflux  stream. 

The  present  evaluation  of  the  operating  characteristics  of  the 
Oldershaw  bubble  column,  the  automatic  still  heads  herein  de¬ 
scribed,  and  other  accessories  shows  the  apparatus  to  be  well 
suited  to  requirements  of  analytical  distillations  of  hydrocarbons. 


Tabic  VII.  Effect  of  Overhead  Rate  upon  Actual  Reflux  Ratios  of 
Automatic  Still  Heads  of  Two  Types 

(Electrical  timer  ratio:  24.1  to  1) 


Actual  Reflux  Ratio  (to  1) 

Vapor-dividing 

Liquid-dividing 

Ml. /Hour 

still  head 

still  head 

2000 

28.4 

31.1 

2500 

27.8 

30.0 

3000 

27.4 

29.4 

3500 

27.0 

29.1 

4000 

26.7 

28.9 

Table  VIII.  Actual  Reflux  Ratios  Provided  by  Automatic  Still 
Heads  at  Various  Electrical  Timer  Ratios 


(Overhead  rate:  3500  ml.  per  hour) 


Electrical  Timer 
Ratio  (to  1) 


_ Actual  Reflux  Ratio  (to  1) _ 

Vapor-dividing  Liquid-dividing 

still  head  still  head 


3.7 

6.3 

11.6 

24.1 

43.3 

66.5 


4.3 

7.3 
13.0 
26.9 
42.2 
63.8 


4.1 

8.0 

14.0 

28.9 

50.0 

77.3 
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Determination  of  Sodium  and  Potassium  in  Silicates 

SILVE  KALLMANN 

Ledoux  &  Co.,  1  55  Sixth  Ave.,  New  York,  N.  Y. 


Upon  the  addition  of  a  20%  solution  of  hydrosen  chloride  in 
anhydrous  n-butyl  alcohol  (Willard  and  Smith  reagent)  to  a  butyl 
alcohol  solution  of  the  perchlorates  of  sodium  and  potassium,  the 
two  alkali  metals  are  precipitated  quantitatively  as  a  mixture  of 
sodium  chloride,  potassium  chloride,  and  potassium  perchlorate. 
This  precipitation  can  be  carried  out  in  the  presence  of  most  elements 
commonly  found  or  occasionally  encountered  in  silicates  and  is 
proposed  as  basis  of  a  new  method  for  the  determination  of  sodium 
■and  potassium. 


WILLARD  and  Smith  ( 8 )  introduced  a  solution  of  hydrogen 
chloride  in  anhydrous  n-butyl  alcohol  as  a  reagent  for  the 
quantitative  separation  of  sodium  from  lithium,  and  Kallmann 
U),  making  use  of  the  difference  in  solubility  of  the  perchlorates 
and  chlorides  of  the  three  alkali  metals  in  butyl  alcohol  containing 
the  same  reagent,  described  a  method  for  the  quantitative  separa¬ 
tion  of  lithium  from  both  sodium  and  potassium. 

It  was  shown  that  lithium  perchlorate  and  chloride  are  very 
soluble,  that  potassium  is  precipitated  as  a  mixture  of  perchlorate 
and  chloride,  and  that  sodium  perchlorate  which  is  only  sparingly 
soluble  m  butyl  alcohol  is  quantitatively  converted  into  the  in¬ 
soluble  chloride. 

As  sodium  and  potassium  are  quantitatively  precipitated  by 
the  solution  of  hydrogen  chloride  in  butyl  alcohol  (Willard  and 
Smith  reagent),  this  solution  suggested  itself  as  the  logical  precipi¬ 
tant  for  sodium  and  potassium  for  their  quantitative  separation 
from  the  nonalkali  constituents  of  silicates. 

Preliminary  work,  recorded  in  Table  I,  indicated  that  the  per¬ 
chlorates  of  aluminum,  calcium,  magnesium,  and  iron  which  are 
all  very  soluble  in  butyl  alcohol,  are  not  precipitated  by  the  Wil¬ 
lard  and  Smith  reagent.  Manganese  perchlorate,  which  decom¬ 
poses  upon  heating  and  forms  a  residue  in  butyl  alcohol,  is  soluble 
as  chloride  in  butyl  alcohol  containing  the  Willard  and  Smith  re¬ 
agent. 

When  fuming  large  amounts  of  titanium  salts  with  perchloric 
acid,  some  decomposition  takes  place.  Any  precipitate  thus 
formed  can  be  conveniently  filtered  off,  however,  after  diluting 
with  water.  Since  soluble  titanium  perchlorate  is  not  precipitated 
by  the  Willard  and  Smith  reagent,  moderate  amounts  of  this  ele¬ 
ment  do  not  interfere  in  the  method  suggested  below. 

More  serious  is  the  behavior  of  barium,  strontium,  and  lead 
from  silicates  containing  these  elements  in  an  acid-soluble  form. 
The  perchlorates  of  barium,  strontium,  and  lead  are  very  soluble 
in  both  water  and  butyl  alcohol.  Like  sodium,  they  are  precipi¬ 
tated,  presumably  quantitatively,  by  the  Willard  and  Smith  re¬ 
agent.  Certain  precautions  requiring  hardly  any  additional  work 
and  obviating  the  difficulties  just  described,  have  been  incorpo¬ 
rated  in  the  method  described  below. 


About  2.7  kg.  (6  pounds)  of  the  Willard  and  Smith  reagent 
used  in  this  investigation,  were  prepared  by  passing  dry  hydrogen 
cmoride  from  a  tank  into  a  beaker  containing  2.26  kg.  (5  pounds) 
of  anhydrous  n-butyl  alcohol.  The  beaker  was  externally  cooled 
and  the  gassing  interrupted  several  times,  until  the  butyl  alcohol 
was  nearly  saturated  with  hydrogen  chloride  at  room  temperature 
and  showed  a  specific  gravity  of  about  0.905,  indicating  an  approxi¬ 
mately  20%  solution  of  hydrogen  chloride  in  butyl  alcohol. 


PROCEDURE 

Decomposition  of  Sample.  Transfer  0.5  to  1.0  gram  or  more 
depending  on  the  alkali  metal  content,  of  the  finely  ground  sample 
to  a  50- to  iOO-mh  platinum  dish,  moisten  with  water,  and  add  20 
ml.  of  47%  hydrofluoric  acid  and  15  ml.  of  72%  perchloric  acid. 


Stir  well  with  a  platinum  wire  or  the  rubber  end  of  a  policemai 
and  evaporate  with  moderate  heat  on  a  hot  plate  until  copiou 
white  fumes  of  perchloric  acid  escape.  Remove  from  the  ho 
plate,  wash  down  the  sides  of  the  dish  with  a  little  water,  an< 
?gain  Alat  unV  .  ^un?es  perchloric  acid  escape  freely  and  abou 
hall  ol  the  acid  has  been  expelled.  Do  not  fume  to  dryness  sinci 

nAay  cause  thermal  decomposition  of  perchlorates. 

When  cool,  take  up  with  20  ml.  of  hot  water  and  warm  unti 
all  salts  have  dissolved.  A  residue  at  this  stage  denotes  incom 
plete  decomposition  of  the  sample  or  presence  of  large  amounts  o 
titanium  or  of  barium  sulfate. 

Filter  through  a  small  paper  into  a  250-ml.  beaker  and  wash  i 
to  10  times  with  hot  water.  If  there  is  any  doubt  as  to  whethei 
the  sample  was  completely  decomposed,  ignite  the  paper  in  the 
original  platinum  dish,  again  treat  with  small  portions  of  hydro- 
nuoric  and  perchloric  acids,  evaporate  to  near  dryness,  take  ut 
with  water,  and  filter  into  the  main  solution. 

Evaporate  on  a  hot  plate  to  fumes  of  perchloric  acid,  finally 
spelling  the  excess  of  acid.  To  prevent  decomposition  of  per¬ 
chlorates,  particularly  of  aluminum  perchlorate,  which  would 
render  subsequent  separations  more  difficult,  moderate  heat  only 
should  be  used,  and  expulsion  of  the  perchloric  acid  must  not  be 
carried  too  far.  The  resulting  perchlorates  should  not  be  bone- 
dry,  but  a  small  amount  of  perchloric  acid,  indicated  by  the  es¬ 
cape  of  white  fumes,  should  be  left. 


A  limited  number  of  silicates  particularly  highly  aluminous  min¬ 
erals,  yield  incompletely  to  the  action  of  hydrofluoric  acid. 
Others  may  be  high  in  titanium,  barium,  or  lead.  For  such 
samples  and  additional  complex  inorganic  compounds  an  alter¬ 
native  way  of  decomposition  is  desirable. 


Table  I.  Solubility  of  Perchlorates  in  n-Butyl  Alcohol  and  in  Butyl 
Alcohol  Containing  Willard  and  Smith  Reagent 


Element 

Weight 

Taken, 

Mg. 

Sodium 

100  ±  5 

Potassium 

500  =*=  5 
100  ±  5 

Lithium 

300  ±  10 

Aluminum 

100  ±  5 

Calcium 

500  ±  5 
100  ±  5 

Magnesium 

500  ±  5 
200  ±  10 

Iron 

100  ±  5 

Manganese 

100  =t  5 

Titanium 

10  ±  1 

Barium 

100  ±  10 
100  ±  5 

Strontium 

100  ±  10 

Lead 

100  ±  5 

Zirconium 

50  ±  5 

Vanadium 

50  ±  10 

Chromium 

10  ±  2 

Solubility  Qf  Perchlo¬ 
rates  in  Butyl  Alcohol 

Clear  solution 
White  residue 
W’hite  residue 
Clear  solution 
Clear  solution 
Clear  solution 
Clear  solution 
Clear  solution 
Clear  solution 
Clear,  brown  solution 
Brown  residue 
Clear  solution 
Cloudiness 
Clear  solution 
Clear  solution 
Clear  solution 
Clear  solution 
Clear  solution 
Clear  solution 


Effect  of  Willard  and 
Smith  Reagent 

White  precipitate 

White  precipitate 

No  apparent  change 

Clear  solution 

Clear  solution 

Clear  solution 

Clear  solution 

Clear  solution 

Clear  solution 

Clear,  pale  yellow  solution 

Clear  solution 

Clear  solution 

Cloudiness 

White  precipitate 

White  precipitate 

White  precipitate 

Clear  solution 

Clear  soluton 

Clear  solution 


- - : - r?  .  r  m,  w  were  iumea  to  near  dryness  with  i 

excess  of  perchloric  acid.  The  perchlorates  were  heated  to  boiling  with  ‘ 
ml.  of  butyl  alcohol  and  the  solution  was  examined  for  insoluble  compound 
11  ml.  of  the  Willard  and  Smith  reagent  were  then  added,  the  boiling  wi 
continued  for  one  minute,  and  after  cooling  to  room  temperature,  the  effe 
of  the  precipitant  was  noted. 


The  only  choice  in  such  cases  is  the  J.  L.  Smith  method  (7), 
details  of  which  can  be  found  in  analytical  textbooks.  Applying 
the  proposed  method  directly  to  the  aqueous  extract  from  the  orig¬ 
inal  fusion,  containing  the  chlorides  of  the  alkali  metals  along  with 
considerable  calcium,  some  of  the  more  serious  objections  to  the 
J.  L.  Smith  method  are  overcome  by  adding  10  ml.  of  perchloric 
acid  to  the  water  extract  from  the  Smith  fusion,  and  evaporating 
on  a  hot  plate  until  copious  fumes  of  perchloric  acid  escape,  and 
finally  until  almost  dry. 

Precipitation  of  Sodium  and  Potassium.  To  the  cold  per¬ 
chlorates  add  25  ml.  of  anhydrous  n-butyl  alcohol  and  heat  the 
solution  to  boiling.  (A  precipitate  at  this  stage  consists  of  potas- 
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sium  perchlorate,  and  with  a  little  experience,  it  is  not  difficult  to 
estimate  the  approximate  potassium  content  of  the  sample,  a  fact 
which  is  most  valuable  to  the  analyst  who  intends  to  confine  his 
work  to  the  determination  of  only  one  of  the  two  alkali  metals. 
The  potassium  perchlorate  can  be  filtered  off  on  a  Gooch  crucible, 
converted  to  the  chloride  by  ignition,  dissolved  in  water,  and 
■finally  determined  as  potassium  perchlorate.) 

Add  dropwise  to  the  boiling  solution  3  ml.  of  the  Willard  and 
Smith  reagent  and  then  8  ml.  more.  (A  white  precipitate  formed 
at  this  point  denotes  the  presence  of  sodium  which  can  be  ob¬ 
served  even  in  the  presence  of  large  amounts  of  potassium.) 

Allow  to  simmer  for  3  minutes,  cool  to  room  temperature,  de¬ 
cant  the  supernatant  liquid  into  a  dry  Gooch  crucible,  transfer  the 
bulk  of  the  precipitate  onto  the  crucible  without  policing  the 
beaker,  and  wash  8  to  10  times  with  1-  to  2-ml.  portions  of  a  6  to 
7%  solution  of  hydrogen  chloride  in  butyl  alcohol,  made  by  dilut¬ 
ing  40  ml.  of  the  Willard  and  Smith  reagent  with  100  ml.  of  butyl 
alcohol.  Discard  filtrate  and  washings,  unless  wanted  for  the  de¬ 
termination  of  a  nonalkali  constituent  of  the  sample. 

Separation  of  Sodium  and  Potassium.  Dry  the  beaker  and 
Gooch  crucible  for  about  15  minutes  on  a  hot  plate  or  in  an  elec¬ 
tric  drying  oven.  Then  dissolve  the  precipitate  on  the  Gooch, 
and  also  any  particles  adhering  to  the  sides  of  the  beaker,  in  a 
minimum  amount  of  hot  water.  For  this  purpose  it  is  desirable  to 
arrange  the  filtering  apparatus  so  that  the  filtrate  can  be  directly 
caught  in  a  250-ml.  beaker. 

Add  5  ml.  of  perchloric  acid  and  evaporate  on  a  hot  plate  nearly 
to  dryness.  Since  small  amounts  of  nonalkali  elements  may  have 
escaped  the  preceding  separation,  it  is  not  advisable  as  suggested 
in  the  Smith  and  Ross  procedure  ( 6 )  to  expel  all  perchloric  acid 
at  this  stage.  This  is  done,  however,  during  the  reprecipitation  of 
the  potassium  perchlorate. 

Cool,  add  15  to  20  ml.,  depending  on  the  alkali  metal  content, 
of  a  mixture  of  equal  parts  per  volume  of  butyl  alcohol  and  ethyl 
acetate,  digest  near  boiling  for  2  to  3  minutes,  cool,  and  decant  the 
supernatant  liquid  into  a  dry  but  unweighed  Gooch  crucible. 
Again  the  filtering  apparatus  should  be  arranged  so  that  the 
filtrate  can  be  caught  directly  in  a  small  beaker.  Wash  the  po¬ 
tassium  perchlorate  three  times  by  decantation  with  3-ml.  portions 
of  the  mixed  solvent.  Reserve  filtrate  and  washings. 

Dissolve  the  residue  in  the  crucible  in  a  minimum  amount  of 
hot  water,  catching  the  solution  in  the  original  beaker,  add  1  ml. 
of  perchloric  acid,  evaporate  to  dryness,  and  expel  any  acid  con¬ 
densed  on  the  side  walls  of  the  beaker  by  brushing  with  a  free 
flame.  Cool,  dissolve  salts  in  3  to  5  ml.  of  water,  and  again  evapo¬ 
rate  to  dryness.  Cool,  add  10  to  15  ml.  of  the  mixed  solvent  di¬ 
gest  near  boiling  as  before,  cool  to  room  temperature,  and  filter 
through  the  original  crucible  which  in  the  meantime  has  been  dried, 
ignited,  cooled,  and  weighed.  Transfer  the  residue  to  the  Gooch 
crucible,  police  the  beaker,  and  wash  the  crucible  8  to  10  times 
with  1-ml.  portions  of  the  mixed  solvent.  Reserve  filtrate  and 
washings  which  have  been  caught  in  the  original  beaker  containing 
the  bulk  of  the  sodium.  Dry  the  precipitating  beaker  for  a  few 
minutes  on  a  hot  plate  and  brush  any  unremoved  particles  of  po¬ 
tassium  perchlorate  into  the  Gooch  crucible.  Dry  the  crucible 
for  1  hour  at  110°  C.  and  finally,  while  covered  with  a  watch  glass, 
for  15  minutes  at  350°  C.  Cool  and  weigh  as  potassium  perchlo¬ 
rate. 

Determination  of  Sodium.  The  subsequent  treatment  of  the 
butyl  alcohol-ethyl  acetate  solution  containing  the  sodium  de¬ 
pends  largely  on  the  amount  of  sodium  present. 

If  the  Willard  and  Smith  reagent,  as  precipitant  for  sodium 
and  potassium  in  their  separation  from  the  nonalkali  constituents 
of  the  sample,  caused  little  or  no  apparent  precipitation  of  sodium, 
the  logical  choice  should  be  one  of  the  two  triple  acetate  meth¬ 
ods  ( 1 ,  2). 

Evaporate  the  combined  filtrates  and  wasliings,  after  diluting 
with  one  third  their  volume  of  water,  on  the  water  bath  in  such  a 
way  as  to  avoid  condensation  on  the  upper  part  of  the  beaker. 

When  completely  dry,  add  10  ml.  of  water,  1  ml.  of  nitric  acid, 
and  1  ml.  of  sulfuric  acid  and  evaporate  on  a  hot  plate  to  strong 
fumes  of  sulfuric  acid.  This  treatment  is  usually  sufficient  to 
destroy  any  brown  coloration  due  to  organic  matter.  If  not,  a 
few  drops  of  nitric  acid  should  be  added  and  the  fuming  resumed. 
Finally,  fume  to  complete  dryness,  dissolve  salts  in  a  few  millili¬ 
ters  of  hot  water,  filter  off  any  insolubles  if  necessary,  evaporate  to 
1  ml.,  cool,  and  precipitate  the  sodium  with  triple  acetate  reagent, 
directions  for  which  can  be  found  in  analytical  textbooks. 

If  tfie  Willard  and  Smith  reagent  caused  considerable  precipita¬ 
tion  of  sodium  chloride,  sodium  should  finally  be  precipitated  and 
determined  as  the  chloride. 


Table  II. 


Separation  of  Sodium  and  Potassium  from  a  Number  of 
Elements 


Regular 

Method 


Rapid  Routine 
Method,  Com- 


Element  or 

Weight 

NaCl 

KC1 

NaCl 

KC1 

bined  Chlorides 

Compound 

Taken 

Used 

Used 

found 

found 

Found 

Mg. 

Mg. 

Mg. 

Mg. 

Mg 

Mg. 

50.0 

50.0 

50.4 

50.2 

10.0 

100.0 

9.7“ 

100.9 

100.0 

100.0 

199.2 

A1 

150 

100.0 

100.0 

99.8 

101.1 

300 

100.0 

100.0 

200. 5 

Ca 

50 

100.0 

50.0 

100.8 

50.4 

300 

3.0 

100.0 

3.3“ 

101.3 

Mg 

100 

50.0 

50.0 

100.8 

300 

100.0 

100.0 

100.2 

100.4 

Fe 

20 

50.0 

50.0 

99.9 

Mn 

20 

5.0 

50.0 

5.  0“ 

49.7 

Ti 

20 

50.0 

50.0 

49.3 

49.6 

Ba 

25 

50.0 

50.0 

49.5i> 

50.6 

20 

50.0 

50.0 

51.0“ 

49.8 

Pb 

20 

50.0 

50.0 

50.36 

50.7 

.... 

20 

50.0 

50.0 

51. 8“ 

49.7 

As 

10 

50.0 

50.0 

50.6 

49.8 

V 

10 

50.0 

50.0 

100.4 

HaPOi 

32 

10.0 

50.0 

9.6 

50.8 

32 

100.0 

100.0 

201 . 2 

H3BO3 

40 

50.0 

50.0 

99.3  • 

200 

50.0 

50.0 

100.7 

CHOHCOOH 

250 

50.0 

50.0 

48.7 

48.9 

(ilHOHCOOH 

1000 

10.0 

50.0 

7.8“ 

48.2 

Mixture  of 

A1  150 

50.0 

50.0 

100.2 

Ca  50 

Mg  50 

6.0 

50.0 

6.6“ 

50.4 

Fe  5 

Ti  10 

100.0 

100.0 

100.8 

101.0 

H3PO<  32 
a  Sodium  determined  as  triple  acetate. 

b  Sodium  determined  as  chloride  after  removal  of  Ba  or  Pb  as  carbonates. 
c  Sodium  determined  as  sulfate  after  removal  of  Ba  or  Pb  as  sulfates. 


Evaporate  the  combined  filtrates  and  washings  from  the  potas¬ 
sium  determination,  after  diluting  with  water,  in  the  same  way  as 
for  the  triple  acetate  method.  When  completely  dry,  add  10  ml. 
of  water  and  3  ml.  of  perchloric  acid  and  evaporate  slowly,  with  a 
cover  glass  on,  to  strong  fumes  of  perchloric  acid.  Increase  the 
heat  until  all  organic  matter  is  destroyed.  Finally  evaporate  to 
near  dryness. 

Add  15  to  20  ml.  of  butyl  alcohol  and  heat  the  solution  to  boil¬ 
ing.  Add  7  or  9  ml.,  respectively,  of  the  Willard  and  Smith  re¬ 
agent,  the  first  2  ml.  dropwise,  allow  to  simmer  for  one  minute  to 
facilitate  coagulation  of  the  sodium  chloride,  cool  to  room  temper¬ 
ature,  collect  the  precipitate  on  a  dry  Gooch  crucible,  and  wash  5 
times  with  1-  to  2-ml.  portions  of  the  6  to  7%  solution  of  hydrogen 
chloride  in  butyl  alcohol. 

Dry  the  crucible  for  half  an  hour  at  110°  C.,  then  ignite  for  5 
minutes  in  a  muffle  at  600  °  C.  Cool  in  a  desiccator,  then  weigh 
the  crucible  plus  sodium  chloride.  Dissolve  the  precipitate  in 
hot  water,  collecting  and  reserving  the  washings  in  a  small  beaker, 
dry  the  crucible  for  one  hour  at  110°  C.,  cool,  and  weigh.  The 
loss  in  weight  represents  sodium  chloride. 

The  sodium  chloride  solution  can  be  tested  for  possible  presence 
of  barium  or  lead  by  one  of  two  procedures. 

1.  Add  1  gram  of  ammonium  carbonate,  heat  to  boiling,  and 
allow  to  stand  for  one  hour.  The  solution  should  remain  clear. 
If  it  contains  any  precipitate,  filter  it  off,  evaporate  the  filtrate 
to  dryness,  transfer  with  hot  water  to  a  weighed  platinum  dish, 
add  a  few  drops  of  hydrochloric  acid,  evaporate  to  dryness,  heat 
as  usual  to  expel  any  ammonium  chloride,  and  weigh  as  pure  so¬ 
dium  chloride. 

2.  Precipitate  any  barium  or  lead  present  by  adding  1  ml.  of 
sulfuric  acid  and  determine  the  sodium  in  the  filtrate  as  sodium 
sulfate. 

Rapid  Routine  Method.  Collect  the  mixture  of  alkali  chlo¬ 
rides  and  potassium  perchlorate,  obtained  as  described  above,  on 
a  dry  Gooch  crucible,  policing  the  beaker  in  which  the  precipita¬ 
tion  was  carried  out.  Special  attention  should  be  paid  to  the 
amount  of  potassium  perchlorate  present,  prior  to  the  addition  of 
the  Willard  and  Smith  reagent,  and  also  to  the  amount  of  sodium 
chloride  precipitated. 

Dry  the  crucible  for  one  hour  at  110°  C.,  then  increase  the  heat 
of  the  muffle  gradually  to  650°  C.,  at  which  temperature  the 
crucible  is  kept  for  half  an  hour,  while  covered  with  a  watch  glass 
or  platinum  cover.  Cool  and  weigh,  and  dissolve  chlorides  of 
sodium  and  potassium  in  hot  water,  receiving  filtrate  and  washings 
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directly  in  a  small  beaker.  Dry  the  crucible  for  one  hour  at 
110 0  C.,  cool,  and  weigh.  The  loss  in  weight  represents  the  com¬ 
bined  chlorides  of  sodium  and  potassium. 

Depending  on  the  relative  amounts  of  sodium  and  potassium 
present,  based  largely  on  observations  made  during  the  precipi¬ 
tation  with  the  Willard  and  Smith  reagent,  precipitate  either  the 
sodium  as  triple  acetate  or  the  potassium  as  perchlorate  or  chloro- 
platinate  and  calculate  the  other  alkali  metal  from  the  weight  of 
the  combined  chlorides. 


Acid-soluble  barium  or  lead  salts  would  accompany  the  sodium 
and  potassium.  In  such  cases,  the  aqueous  solution  of  the  com¬ 
bined  chlorides  should  be  treated  with  a  small  amount  of  am¬ 
monium  carbonate  and  the  chlorides  of  sodium  and  potassium 
recovered  in  the  filtrate  of  the  lead  or  barium  carbonate. 

Corroboration  and  Verification.  Both  methods  described 
above  were  applied  to  the  quantitative  separation  and  determina¬ 
tion  of  sodium  and  potassium  in  the  presence  of  elements  which 


Table  III.  Effect  of  Sulfate  Ion 


NaCl 

Used 

Mg. 


KC1 

Used 

Mg. 


0.1  N 
H2S04 
Used 
Ml. 


Equiva¬ 
lent  to 
Sulfur 
Mg. 


Combined 

chlorides 

Mg. 


Sulfur  Found 


6%  solution 
KC1CU  of  HC1  in 
NaCl  +  KC1  butanol 
Mg.  Mg.  Mg. 


50 

1 

1.6 

50 

4 

6.4 

100 

8 

12.8 

100 

10 

16.0 

100 

15 

24.0 

50 

1 

1.6 

100 

8 

12.8 

100 

15 

24.0 

100 

100 

5 

8.0 

100 

100 

15 

24.0 

I  .  *4 

0.1  ..  6.6 

0.2  ..  12.2 

0.4  15.5 

0.8  ..  22.0 

0.8 

0.4  12.8 

0.6  23.8 

0.3  8.1 

1.2  ..  ..  23.2 


The  solution  of  sodium  and/or  potassium  chloride  to  which  varying 
amounts  of  0.1  N  sulfuric  acid  were  added,  was  fumed  to  near  dryness  with 
perchloric  acid  and  treated  with  butyl  alcohol  and  the  Willard  and  Smith 
reagent,  and  the  sulfate  ion  determined  in  the  resulting  fractions. 


form  the  main  constituents  of  silicates  or  may  occasionally  be  en¬ 
countered. 

All  nonalkali  elements  and  compounds  used  in  these  tests  were 
specially  prepared  or  tested  to  be  alkali-free.  In  order  to  dupli¬ 
cate  as  much  as  possible  all  operations  that  a  sample  of  silicate 
has  to  go  through,  the  hydrochloric  or  nitric  acid  solution  of  these 
elements  and  the  aqueous  solution  of  acids  were  evaporated  to 
dryness  in  a  platinum  dish.  Hydrofluoric  and  perchloric  acids 
were  then  added  and  the  methods,  described  in  the  preceding  para¬ 
graphs,  applied.  The  results,  presented  in  Table  II,  show  that 
in  the  proposed  method  direct  precipitation  of  sodium  and  potas¬ 
sium  in  the  presence  of  large  amounts  of  other  elements  is  possible. 

An  attractive  feature  is  the  fact  that  the  method  provides  at  an 
early  stage  of  the  analysis  definite  indications  as  to  the  relative 
amounts  of  sodium  and  potassium  present. 

In  contrast  to  the  J.  L.  Smith  method  (7),  no  solid  reagents  are 
used  if  the  sample  can  be  decomposed  by  acid  treatment.  No 
ammonium  salts  are  used.  They  would  interfere  because  of  the 
small  solubility  of  ammonium  perchlorate  in  butyl  alcohol  con¬ 
taining  the  Willard  and  Smith  reagent  and  in  the  mixture  of  butyl 
alcohol  and  ethyl  acetate. 

Another  advantage  lies  in  the  removal  of  lithium  at  an  early 
stage  of  the  analysis,  thus  obviating  one  of  the  major  objections 
inherent  in  the  Smith  and  Berzelius  methods. 

While  magnesium  may  interfere  in  the  Smith  method,  and  defi¬ 
nitely  does  interfere  in  the  Berzelius  method  (3),  and  causes  the 
use  of  8-hydroxyquinoline  in  the  more  recent  method  of  Marvin 
and  Woodlaver  ( 5 ),  it  causes  no  difficulty  in  the  proposed  method. 

Moderate  amounts  of  phosphoric,  boric,  and  even  tartaric 
acids  do  not  interfere.  The  effect  of  the  sulfate  ion  was  investi¬ 
gated  (Table  III). 

Any  sulfate  ion  remaining  after  the  fuming  with  perchloric  acid 
will  cause  formation  of  sodium  sulfate,  and  to  a  lesser  degree,  of 
potassium  sulfate,  both  insoluble  in  butyl  alcohol. 
_  The  data  in  Table  III  indicate  that  the  Willard 


Table  IV.  Determination  of  Sodium  and  Potassium  in  Standard  Samples 


Certificate  Value  By  Analysis 


B.  of  S. 

Weight 

Com- 

Sample 

Type  of 

of 

bined 

No. 

Sample 

Sample 

chlorides 

Na20 

K.O 

chlorides 

Na20 

K20 

Grams 

Gram 

% 

% 

Gram 

% 

% 

70 

K20  =  feldspar 

1.0000 

0.2439 

2.38 

12.58 

0.2433“ 

2.27b 

12.66 

1 . 0000 

0.2439 

2.38 

12.58 

0.2440° 

1 . 0000 

0.2439 

2.38 

12.58 

2.35 

12.68 

1 . 0000 

0.2439 

2.38 

12.58 

2.41 

12.53 

0 . 5000“ 

0.1220 

2.38 

12.58 

0.1224“ 

99 

Na20  =  feldspar 

1 . 0000 

0.2088 

10.73 

0.41 

0.2100“ 

10.826 

0.38 

1.0000 

0. 2088 

10.73 

0.41 

10.75 

0.44 

1 . 0000 

0.2088 

10.73 

0.41 

10.68 

0.37 

0.5000“ 

0. 1044 

10.73 

0.41 

0. 1049“ 

0.5000 

0. 1044 

10.73 

0.41 

10.74 

6.44 

91 

Opal  glass 

1 . 0000 

0.2112 

8.48 

3.25 

0.2118“ 

1 . 0000 

0.2112 

8.48 

3.25 

8.50 

3.25 

1.0000 

0.2112 

8.48 

3.25 

8.52 

3.32 

0. 5000“ 

0.1056 

8.48 

3.25 

0. 1065“ 

0.5000“ 

0.1056 

8.48 

3.25 

8.44 

3.22 

80 

Soda-lime  glass 

1 . 0000 

0.3145 

16.65 

0.04 

0.3149“ 

16.70 

0.02 

1 . 0000 

0.3145 

16.65 

0.04 

16.65 

0.00 

0.5000“ 

0.1572 

16.65 

0.04 

0. 1570“ 

98 

Plastic  clay 

1 . 0000 

0.0554 

0.28 

3.17 

0.0557“ 

1.0000 

0.0554 

0.28 

3.17 

0.0560“ 

0.264 

3.21 

1.0000 

0.0554 

0.28 

3.17 

0.304 

3.15 

1 . 0000 

0 . 0554 

0.28 

3.17 

0.304 

3. 14 

0. 5000“ 

0.0277 

0.28 

3.17 

0.0285“ 

0.284 

3.17 

89 

Pb-Ba  glass 

1 . 0000 

0.2405 

5.70 

8.40 

0.2415“.* 

1 . 0000 

0 . 2405 

5.70 

8.40 

5.72/ 

8.42 

1 . 0000 

0.2405 

5.70 

8.40 

5.81“ 

8.40 

0 . 5000“ 

0.1203 

5.70 

8.40 

5.73 

8.  46 

0.5000“ 

0. 1203 

5.70 

8.40 

0. 1200“.* 

5.676 

8.48 

1° 

Limestone 

1 .  OOOOt 

0.0186 

0.39 

0.71 

0.434 

0.74 

2 . 0000* 

0.0372 

0.39 

0.71 

0.36 

0.72 

a  Combined  chlorides  by  rapid  routine  method. 

"  Ni a20  calculated  by  difference  from  weight  of  combined  chlorides. 

J.  L.  Smith  fusion  applied. 
d  Sodium  determined  as  triple  acetate. 

e  Pband  Ba  previously  removed  with  ammonium  carbonate. 

/  sodium  determined  as  chloride  after  removal  of  Pb  and  Ba  with  (NHihCOs. 
"  sodium  determined  as  sulfate. 

*  Sample  decomposed  with  HClOj  in  covered  dish,  prior  to  addition  of  HF. 


and  Smith  reagent  causes  considerable  conver¬ 
sion  of  these  sulfates  into  the  equally  insoluble  and 
noninterfering  chlorides: 

Na2S04  +  2HC1  — >  2NaCl  +  H2S04 
K2S04  +  2HC1  — >  2KC1  +  H2SO4 

As  much  as  15  mg.  of  sulfur  in  form  of  sulfates 
apparently  is  quantitatively  converted  into  chlo¬ 
rides  and  does  not  interfere.  For  larger  quanti¬ 
ties  of  sulfates,  the  writer  would  suggest  either  re¬ 
precipitation  of  the  mixture  of  alkali  chlorides  and 
potassium  perchlorate,  or,  preferably,  treatment 
of  the  aqueous  solution  of  these  alkali  salts  with 
a  few  drops  of  barium  chloride,  after  converting 
them  to  the  chlorides  by  ignition,  and  simultane¬ 
ous  removal  of  the  excess  reagent  with  ammonium 
carbonate. 

The  method  discussed  above  was  applied  in  the 
determination  of  sodium  and  potassium  in  a  num¬ 
ber  of  representative  standard  samples  of  silicates 
and  .related  products  (Table  IV). 
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Polarographic  Determination  of  Tin  in  Foods  and 

Biological  Materials 

EDITH  M.  GODAR  AND  O.  R.  ALEXANDER,  Research  Division,  American  Can  Company,  Maywood,  III. 


\  rapid  and  precise  polarographic  method  for  the  determination  of 
jin  in  foods  and  biological  materials  has  been  developed,  which  is 
pplicable  to  the  determination  of  tin  in  concentrations  as  low  as  0.5 
>art  per  million.  The  accuracy  is  of  the  order  of  *5%  for  concen- 
rations  in  excess  of  10  parts  per  million  and  somewhat  less  for 
mailer  amounts.  It  has  been  demonstrated  that  moderate  amounts 
!>f  iron,  copper,  bismuth,  cadmium,  mercury,  cobalt,  and  zinc  may 
>e  present  without  interference.  Lead  leads  to  high  results  and  a 
procedure  in  case  lead  is  present  is  outlined. 


THE  accurate  determination  of  traces  of  tin  in  foods  is  of 
considerable  interest  and  has  many  limitations.  The 
nethod  adopted  by  the  Association  of  Official  Agricultural 
I  "hemists  {2)  has  been  widely  used  for  many  years,  but  while  it  is 
rery  reliable  it  is  subject  to  a  number  of  disadvantages.  In 
irder  to  obtain  satisfactory  precision  it  is  necessary  to  handle 
jarge  samples,  usually  50  to  100  grams,  and  the  wet  digestion  of 
iuch  large  samples  is  time-consuming  and  requires  large  quan- 
ities  of  oxidizing  acids.  The  hydrogen  sulfide  separation  is 
dso  objectionable,  from  the  standpoint  of  both  the  toxicity  of 
he  hydrogen  sulfide  and  the  tedious  filtration  of  the  slimy  pre¬ 
cipitate. 

The  polarographic  procedure  described  permits  the  determi- 
lation  of  tin  on  a  much  smaller  sample  with  the  elimination  of 
be  sulfide  separation.  Greater  sensitivity  is  obtained  and  the 
precision  in  the  lower  range  is  greatly  enhanced. 

At  the  time  this  study  was  instigated  the  behavior  of  solutions 
}f  tin  at  the  dropping  mercury  electrode  was  not  completely 
understood.  Lingane  (6)  found  that  stannous  tin  in  tartrate 
solutions  yielded  a  well-defined  anodic  wave  due  to  the  oxidation 
jf  stannous  to  stannic  tin  and  a  well-defined  cathodic  wave  cor¬ 
responding  to  the  reduction  of  stannous  tin.  No  wave  was  ob- 

Anode 


Figure  1.  Calomel  Electrode  and  Electrolysis  Cell  Assembly 


tained  for  stannic  tin.  The  same  author  (4)  reported  a  similar 
composite  wave  for  stannous  tin  in  sodium  hydroxide  solution 
and  a  rather  poorly  defined  double  wave  for  the  reduction  of 
stannic  tin  in  hydrochloric  acid  solution.  Smrz  ( 8 )  obtained 
well-defined  waves  for  the  reduction  of  stannous  tin  in  hydro¬ 
chloric  acid.  Lingane  and  Scott  ( 8 )  reported  that  stannous  tin 
was  not  reducible  in  perchloric  acid,  but  that  well-defined  waves 
were  obtained  on  addition  of  chloride  ion.  A  similar  behavior 
was  found  for  stannic  tin  in  perchloric  acid.  In  the  presence  of 
added  chloride  a  double  wave  was  obtained.  Alimarin  ( 1 )  re¬ 
ported  an  application  of  the  polarograph  to  the  determination 
on  tin  in  ores  in  which  stannic  tin  was  reduced  in  a  supporting 
electrolyte  of  hydrochloric  acid  and  sulfuric  acid. 

A  very  complete  discussion  of  the  theoretical  considerations  of 
the  polarography  of  stannic  tin  in  halide  solutions  was  presented 
by  Lingane  (7)  while  this  investigation  was  in  progress.  Lingane, 
working  with  pure  solutions,  recommended  a  supporting  elec¬ 
trolyte  of  ammonium  chloride  in  hydrochloric  acid  with  a  trace 
of  gelatin  to  suppress  maxima.  After  the  present  paper  had 
been  submitted  for  publication,  a  polarographic  procedure  for 
the  determination  of  tin  and  lead  in  copper  base  alloys  was  de¬ 
scribed  (5). 

APPARATUS 

/  _ 

The  usual  polarograph  electrolysis  cell  of  the  simple  Hey- 
rovsky  type  is  not  applicable  to  the  determination  of  tin,  since 
the  anode  pool  effects  some  reduction  of  stannic  tin.  For  this 
reason  it  is  necessary  to  use  an  external  reference  anode.  In  the 
work  under  discussion  a  saturated  calomel  cell  was  used,  the  con¬ 
struction  of  which  is  shown  in  detail  in  Figure  1. 

The  cell  is  made  of  heavy-walled  Pyrex  and  is  designed  to  mini¬ 
mize  concentration  polarization  by  virtue  of  the  relatively  large 
area  of  mercury  exposed.  Connection  to  the  electrolysis  vessel  is 
made  through  an  inverted  U-tube  salt  bridge  filled  with  a  satu¬ 
rated  solution  of  potassium  chloride.  Small  pieces  of  porous 
Alundum  are  fused  into  the  tips  of  the  bridge.  The  electrical  re¬ 
sistance  of  the  bridge  is  low,  and  the  potassium  chloride  diffuses 
at  such  a  low  rate  that  the  sample  is  not  measurably  diluted. 

The  electrolysis  vessel  (Figure  1)  is  of  very  simple  construc¬ 
tion.  Dissolved  oxygen  is  swept  out  of  the  solution  by  passing  a 
current  of  nitrogen  through  the  capillary  tube.  When  this  flow 
is  stopped  and  diverted  to  the  side  arm,  a  blanketing  atmosphere 
of  nitrogen  is  maintained  over  the  solution  in  the  cell.  A  mani¬ 
fold  system  permits  the  simultaneous  deaeration  of  several  sam¬ 
ples,  preventing  any  loss  of  time  at  this  point  of  the  procedure. 
The  cell  described  not  only  permits  the  increased  sensitivity  as¬ 
sociated  with  the  use  of  a  relatively  small  volume  of  solution  (3  to 
4  ml.),  but  in  conjunction  with  the  use  of  the  external  electrode 
permits  a  maximum  economy  of  mercury.  Only  a  few  tenths  of  a 
gram  are  used  per  determination  and  this  is  completely  recover¬ 
able. 

A  Heyrovsky-type  polarograph  manufactured  by  E.  H.  bar- 
gent  &  Co.  was  used  throughout  the  course  of  this  investigation. 
The  full-scale  galvanometer  sensitivity  was  0.0028  microampere 
per  millimeter.  A  60-  to  65-mm.  length  of  marine  barometer 
tubing  was  used  as  the  cathode  capillary  and  under  an  applied 
pressure  of  75  cm.  of  mercury  the  drop  time  was  approximately 
3.3  seconds  with  the  capillary  immersed  in  distilled  water. 
Under  these  conditions  1.94  mg.  of  mercury  were  delivered  per 
second.  Although  it  would  be  desirable  to  work  under  constant- 
temperature  conditions,  the  measurements  reported  were  made 
at  room  temperature  and  are  subject  to  a  small  error  which  under 
normal  operating  conditions  probably  does  not  exceed  5%. 

EXPERIMENTAL 

Although  very  satisfactory  anodic  waves  can  be  obtained  for 
the  oxidation  of  stannous  tin  (3,  4),  it  was  felt  that  considerable 


681 


682 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  18,  No.  1] 


difficulty  would  be  associated  with  obtaining  and  maintaining 
the  tin  in  a  completely  reduced  state,  and  that  it  would  be  pref¬ 
erable  to  work  with  solutions  of  stannic  tin.  In  preliminary 
experiments  it  was  shown  that  well-defined  waves  suitable  for 
analytical  purposes  could  be  obtained  in  a  medium  of  dilute  sul¬ 
furic  acid  containing  a  soluble  chloride  such  as  ammonium  chlo¬ 
ride,  sodium  chloride,  potassium  chloride,  or  hydrochloric  acid 
and  a  trace  of  certain  organic  substances  such  as  gelatin,  methyl 
red,  or  cresol  red  which  act  as  maximum  suppressors.  It  was 
shown  that  the  reduction  of  tin  occurred  in  two  very  definite 
steps,  first  a  reduction  of  the  tetravalent  tin,  supposedly  existing 
as  the  anion  of  the  acid  H2SnCl6  to  the  divalent  state;  then,  in 
the  second  step,  the  subsequent  reduction  to  metallic  tin.  With 
increasing  concentrations  of  chloride  ion  the  two  waves  became 
more  widely  separated  and  more  sharply  defined.  The  second 
wave  marking  the  reduction  of  divalent  tin  to  metallic  tin  ap¬ 
proximated  the  form  of  a  typical  reversible  reaction,  while  the 
shape  of  the  first  wave  indicated  that  the  current  in  this  step  of 
the  reduction  was  limited  by  factors  other  than  diffusion,  prob¬ 
ably  by  the  dissociation  of  the  aquo-stannic  ion.  In  concen¬ 
trated  chloride  solutions  the  increase  in  diffusion  current  due  to 
the  second  step  of  the  reduction  is  approximately  equal  to  one 
half  of  the  total  diffusion  current.  It  was  further  demonstrated 
that  the  second  portion  of  the  reduction  wave  was  well  suited  to 
analytical  measurement,  since  the  diffusion*  current  could  readily 
be  measured  and  was  directly  proportional  to  tin  concentration. 
These  experimental  results  and  conclusions  are  in  substantial 
agreement  with  those  of  Lingane  (7). 

Some  difficulty  wTas  encountered  in  attempts  to  apply  the  pro¬ 
cedure  outlined  above  to  the  determination  of  tin  in  the  sulfuric 
acid  residues  resulting  from  the  acid  digestion  of  food  products. 
Results  in  most  instances  were  completely  satisfactory  but  ex¬ 
tremely  abnormal  curves  w-ere  obtained  for  occasional  samples. 
The  current  in  these  instances  would  increase  rapidly  and  almost 
linearly  with  increasing  applied  voltage.  Similar  curves  were 
obtained  on  solutions  yielding  normal  curves  to  which  were  added 
small  amounts  of  nitric  acid  containing  oxides  of  nitrogen.  The 
same  behavior  could  also  be  induced  by  passing  a  small  amount 
of  nitric  oxide  into  the  solution  prior  to  electrolysis.  It  was  in¬ 
ferred  that  the  occasional  abnormal  curves  were  due  to  incomplete 
decomposition  and  removal  of  nitrosyl  sulfuric  acid  formed  dur¬ 
ing  the  digestion  step.  It  was  observed  that  when  solutions 
giving  these  abnormal  curves  were  boiled  vigorously  and 
again  diluted  to  volume  the  polarograms  were  usually 
normal  and  recovery  determinations  were  fairly  satisfac¬ 
tory.  Even  when  this  procedure  was  followed,  an  oc¬ 
casional  failure  was  noted,  especially  during  the  analysis 
of  such  products  as  evaporated  milk,  sardines,  and 
shrimp. 

In  order  to  eliminate  entirely  the  occurrence  of  these 
troublesome  failures,  methods  of  separation  and  con¬ 
centration  were  studied.  It  was  shown  that  tin  could  be 
completely  precipitated  as  the  hydroxide  and,  in  the 
presence  of  added  aluminum,  the  precipitated  hydroxides 
could  readily  be  separated  by  centrifuging.  The  super¬ 
natant  liquid  was  removed  by  decantation,  and  the  pre¬ 
cipitate  dissolved  in  hydrochloric  acid  and  diluted  to 
volume  with  a  saturated  solution  of  ammonium  chloride. 

The  solutions  so  prepared  produced  uniformly  consist¬ 
ent  and  well-defined  curves  entirely  free  of  the  ab¬ 
normality  noted  previously.  In  addition,  the  separation 
step  permitted  a  reduction  in  volume  with  an  accompany¬ 
ing  increase  in  sensitivity. 


nP’  .,^umhium  ‘fklpride.  Dissolve  4.65  grams  of  aluminun 
chloride  nonahydrate  in  distilled  water  and  dilute  to  250  ml  1  ml 
=  2  mg.  of  Al. 

■  ?-n  Standard  tin  solution.  Dissolve  0.500  gram  of  pure  tir 
in  2o°  ml.  of  hydrochloric  acid  and  dilute  to  500  ml.  with  dis¬ 
til  ed  water  For  use  dilute  25  ml.  to  250  ml.  with  dilute  hydro¬ 
chloric  acid  (reagent  B).  1  ml.  =0.1  mg.  of  Sn.  * 

•  a-  +-nrjS0^  Ie(^’  ^tiira-ted  solution  of  o-cresolsulfonphthalein 
in  distilled  water. 

,,  Preparation  of  Samples.  Transfer  a  5-  to  10-gram  sample  of 
the  food  product  to  a  250-ml.  Erlenmeyer  flask  and  add  10  to  15 
ml.  of  nitric  acid  and  2  to  3  ml.  of  sulfuric  acid.  Heat  slowly  to 
begin  the  oxidation.  As  charring  occurs  add  nitric  acid  in  small 
increments.  When  sulfur  trioxide  fumes  are  evolved  with  no 
further  charring  or  darkening,  add  1  ml.  of  perchloric  acid  and 
continue  heating  until  the  perchloric  acid  is  volatilized  and 
sulfuric  acid  is  refluxing  freely  on  the  walls  of  the  flask.  Allow 
to  cool  and  add  10  to  15  ml.  of  distilled  water. 

Separation  of  Tin.  Transfer  the  digested  sample  to  a  50-ml. 
comcal  centrifuge  tube.  A  long-taper  tube  accurately  graduated 
at  10  ml.  is  most  desirable.  Rinse  the  flask  with  a  small  volume 
of  water  and  finally  dilute  to  approximately  20  ml.  Add  1  ml. 
of  aluminum  chloride  solution  (reagent  C)  and  one  drop  of 
methyl  red  indicator.  Make  alkaline  with  concentrated  am- 
momum  hydroxide  and  add  0.1  to  0.2  ml.  in  excess.  A  large 
excess  of  ammonium  hydroxide  is  to  be  avoided,  since  tin  and 
alummum  hydroxides  become  somewhat  soluble.  Centrifuge 
at  high  speed  until  the  precipitate  has  been  wrell  packed  in  the 
tip  of  the  tube.  A  trunnion-head  centrifuge  was  found  to  be 
somew  hat  more  satisfactory  than  a  fixed-angle  machine,  since  the 
precipitate  is  packed  more  firmly  into  the  tip  of  the  tube  and  the 
supernatant  liquid  may  be  poured  off  with  less  danger  of  disturb- 
mg  the  precipitate.  Decant  the  clear  supernatant  liquid  as  com- 
pletely  as  possible.  To  the  residue  in  the  tube  add  2.5  ml  of 
hydrochloric  acid  (reagent  B)  and  shake  to  effect  solution.  Add 
sufficient  solution  (reagent  A)  to  bring  the  final  volume  to  10  0 
ml. 

Polarography.  Transfer  a  4-  to  5-ml.  portion  of  the  prepared 
solution  to  a  clean  dry  electrolysis  cell  and  add  one  drop  of  cresol 
red  solution  (reagent  E).  Bubble  nitrogen  through  the  solution 
for  10  minutes,  then  divert  the  flow  of  gas  to  provide  a  blanketing 
flow  over  the  surface  of  the  solution.  Record  the  polarogram 
L^-Wuen-i?  an<^  9-8  v°lt  ^he  highest  galvanometer  sensitivity 
which  will  permit  the  recording  of  the  complete  curve.  Measure 
the  height  of  the  second  tin  wave  in  the  manner  illustrated  in  Fig¬ 
ure  2  and  calculate  the  tin  content  of  the  sample,  using  the  ap¬ 
propriate  sensitivity  factor  and  the  calibration  constant  obtained 
from  standard  samples. 

Calibration.  Transfer  accurately  measured  aliquots  of  the 
standard  tin  solution  (reagent  D)  to  centrifuge  tubes,  dilute 
with  distilled  water,  and  precipitate  the  tin  as  directed  above. 
Record  the  polarograms  and  measure  the  wave  height,  then  plot 


DETAILS  OF  PROCEDURE 

Reagents.  A.  Ammonium  chloride.  Saturated 
solution  m  distilled  water. 

B.  Hydrochloric  acid  (1  +  1).  Dilute  c.p.  acid  with 
an  equal  volume  of  distilled  water. 


Figure  2.  Polarographic  Determination  of  Tin 


In  1.5  N  HCI  and  approximately  4  AT  NHrCI.  Cresol  red  as  maxima  suppressant 

A.  10  micrograms  per  ml. 

B.  S5  micrograms  per  ml. 

C.  50  micrograms  per  ml. 

D.  15  micrograms  per  ml. 

Recorded  at  '/si  full-scale  sensitivity,  1  mm.  “  0.056  microampere 
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Figure  3.  Determination  of  Tin  in  Presence  of  Lead 


A.  200  micrograins  of  Pb  in  10  ml.  of  acid  medium 

B.  200  micrograms  of  Sn  in  1 0  ml.  of  acid  medium 

C.  200  raicrograms  of  Pb  +  200  micrograms  of  Sn  in  10  ml.  of  acid  medium 

D.  200  micrograms  of  Sn  in  1 3  ml.  of  alkaline  medium 

E.  200  micrograms  of  Sn  +  200  micrograms  of  Pb  in  1 3  ml.  of  alkaline  medium 
Recorded  at  Via  full-scale  sensitivity,  1  mm.  —  0.028  microampere 


the  wave  height  against  tin  concentration,  multiplying  the 
measured  heights  by  the  appropriate  sensitivity  factor.  Draw 
a  straight  line  through  the  points  and  from  the  slope  of  the  line 
compute  the  conversion  factor  relating  wave  height  to  tin  con¬ 
centration.  Each  capillary  must  be  calibrated,  and  additional 
standards  should  be  run  at  intervals.  With  proper  care  a  capil¬ 
lary  will  last  almost  indefinitely. 


INTERFERING  ELEMENTS 

The  behavior  of  a  number  of  potential  interfering  elements  was 
studied  in  order  to  determine  their  effect  on  the  determination 
of  tin  by  the  method  described.  Some  of  these  elements  are 
eliminated  to  a  certain  extent  in  the  ammonium  hydroxide  sepa¬ 
ration.  It  was  demonstrated  that  iron,  copper,  bismuth,  cad¬ 
mium,  mercury,  antimony,  nickel,  cobalt,  and  zinc  could  be  pres¬ 
ent  in  concentrations  equal  to  or  slightly  greater  than  that  of 
the  tin  without  noticeable  effect  on  the  results.  The  presence  of 
lead,  however,  may  lead  to  some  error,  since  it  is  precipitated 


Table  I.  Effect  of  Extraneous  Elements  on  Recovery  of  Tin 


Added  Metal 

Amount  Added 

Tin  Found 

(200  Micrograms  Added) 

Micrograms 

Micrograms 

Fe 

200 

204 

500 

200 

1000 

200 

Cu 

200 

200 

500 

200 

1000 

200 

Bi 

200 

200 

500 

200 

1000 

200 

Cd 

200 

200 

500 

200 

1000 

202 

Hg 

200 

204  . 

500 

202 

1000 

202 

Sb 

200 

200 

500 

202 

1000 

202 

Ni 

200 

200 

500 

202 

1000 

202 

Co 

200 

200 

500 

200" 

1000 

202 

Pb 

200 

324 

Table  II.  Recovery  of  Tin  in  Presence  of  Lead  by  Modified 

Procedure 


Amount  of  Lead 
Added 


Tin  Found 

(400  Micrograms  Added) 


Micrograms 


Micrograms 


0 

200 

500 

1000 


400 

405 

391 

409 


with  the  tin  and  is  reduced  at  a  voltage  too  near  that  of  the  second 
tin  wave  to  be  resolved.  The  results  of  these  determinations  are 
shown  in  Table  I. 

The  potential  error  due  to  lead  interference  is  not  regarded  as  a 
serious  disadvantage  in  the  application  of  the  method  to  the  de¬ 
termination  of  tin  in  foods,  since  lead,  if  present,  usually  occurs 
in  relatively  minor  concentrations.  In  the  event  that  the  pres¬ 
ence  of  significant  quantities  of  lead  is  suspected,  it  is  possible  to 
overcome  the  interference  as  outlined  below.  This  modified 
procedure  involves  recording  the  polarogram  on  the  solution  in 
the  usual  manner,  then  making  a  portion  of  the  acid  solution 
strongly  alkaline  by  the  addition  of  a  measured  amount  of  am¬ 
monia  and  ammonium  citrate,  and  recording  a  second  polaro¬ 
gram.  In  the  ammoniacal  citrate  solution  the  lead  wave  is  well 
defined  and  the  tin  wave  is  completely  suppressed. 

POLAROGRAPHY  OF  TlN  IN  THE  PRESENCE  OF  LEAD.  Record 
the  polarogram  as  usual  on  the  ammonium  chloride-hydrochloric 
acid  solution  and  determine  the  combined  wave  height  due  to  tin 
and  lead.  To  a  5.0-ml.  aliquot  of  the  solution  add  1.0  ml.  of 
concentrated  ammonium  hydroxide  and  0.5  ml.  of  ammonium 
citrate  (50%  w/v).  Record  the  polarogram  of  this  solution  and 
measure  the  height  of  the  lead  wave.  Prepare  solutions  contain¬ 
ing  no  tin  and  varying  amounts  of  lead  as  directed  in  the  section 
on  calibration.  Precipitate  the  aluminum  and  lead  and  dis¬ 
solve  in  the  hydrochloric  acid-ammonium  chloride  supporting 
electrolyte.  Record  the  polarogram  on  the  acid  solution  and  on 
the  ammoniacal  citrate  solution  prepared  as  directed  above. 
Measure  the  heights  of  the  lead  waves  and  plot  the  wave  heights 
in  the  acid  medium  against  those  of  the  corresponding  solutions 
in  the  alkaline  medium.  It  is  unnecessary  to  correct  the  diffusion 
current  in  the  alkaline  medium  for  the  dilution,  since  the  same 
dilution  factor  is  introduced  in  both  standards  and  unknowns. 
The  slope  of  this  line  is  determined  by  the  dilution  factor  and  by 
the  relative  diffusion  rates  of  the  lead  ions  in  the  two  media  and 
hence  should  remain  constant  as  long  as  the  composition  of  the 
two  solutions  is  unchanged.  Using  this  curve,  convert  the  height 
of  the  lead  wave  obtained  for  the  unknown  in  alkaline  medium 
to  the  equivalent  wave  height  for  the  same  amount  of  lead  in  acid 
medium.  Deduct  this  computed  wave  height  from  the  combined 
wave  height  of  the  tin  and  lead  in  acid  medium  to  obtain  the  net 
diffusion  current  due  to  tin. 

Figure  3  shows  a  series  of  polarograms  illustrating  the  method 
of  correcting  for  lead  interference.  Polarogram  D  shows  a  very 
small  inflection  due  to  the  trace  of  lead  in  the  reagents  used. 
For  very  precise  determinations  of  minute  concentrations  added 
precautions  would  be  required  in  order  to  free  the  reagents  from 
traces  of  tin  and  lead. 

Results  of  a  series  of  determinations  of  tin  in  the  presence  of 
varying  amounts  of  lead  are  shown  in  Table  II.  Recoveries  are 
satisfactory  even  though  the  concentrations  of  lead  may  exceed 
that  of  tin  by  a  ratio  of  2.5  to  1.  The  method  would  obviously 
not  be  applicable  to  the  determination  of  a  trace  of  tin  in  a  rela¬ 
tively  gross  amount  of  lead. 

RECOVERY  DETERMINATIONS 

A  considerable  number  of  samples  representing  a  wide  variety 
of  food  products  have  been  analyzed  both  before  and  after  the 
addition  of  measured  amounts  of  tin.  Most  of  these  samples 
originally  contained  considerable  tin;  consequently,  the  results 
of  the  recovery  determinations  in  these  cases  must  be  regarded 
as  only  circumstantial  evidence  of  the  precision  of  the  method, 
since  compensating  errors  might  still  exist.  In  a  few  cases,  the 
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Table  III.  Results  of  Recovery  Determinations 


Product 


Evaporated  milk 


Whole  milk 
Grapefruit  juice 

Prunes 


Aprioot  preserves 
Beans  with  pork 
Beets 

Mixed  vegetable  juices 


Mixed  vegetables 
Black  eyed  peas 

Green  peas 


A 

Original 

Tin 

Content 

P.p.m. 

25.8 

27.0 

39.1 

41.5 

46.7 
58.4 

62.3 

69.3 

82.6 
0.4 

83.4 
98.0 

23.8 

21.2 
24.2 

2.1 
1.4 
8.9 
2.1 
15.6 
6.2 
3.1 
0.8 
8.7 
6.0 
0,0 
0  0 


B 


Tin 

Added 

P.p.m. 

25.0 

25.0 

25.0 

50.0 

25.0 

25.0 

25.0 

25.0 

25.0 

5.0 

25.0 

25.0 

50.0 

15.0 

15.0 

10.0 

10.0 

10.0 

10.0 

15.0 

25.0 

25.0 

10.0 

10.0 

10.0 

25.0 

25.0 


C“ 

Tin 

Present 

P.p.m. 

50.8 

52.0 

64.1 
91.5 

71.7 
83.4 

87.3 

94.3 

107.6 
5.4 

108.4, 

123.0 

73.8 

36.2 

39.2 
12.1 

11.4 

18.9 
12.1 

30.6 

31.2 
28. 1 
10.8 

18.7 
16.0 
25.0 
25.0 


D 


Tin 

Found 

P.p.m. 

52.3 
53.0 
63.9 
90.8 

72.4 

83.1 
88.0 

92.2 
107.6 

5.4 

108.0 

122.0 

72.0 

36.0 

39.0 

12.0 

11.4 

18.7 
12.0 

31.8 
31.0 

27.8 

10.8 
18.0 

16.5 

24.2 
23.9 


E 

Recov¬ 

ery* 

% 

103 

102 

100 

99 

101 

100 

101 

98 
100 
100 
100 

99 

98 
101 

99 
99 

100 

99 

99 

104 

99 

99 

100 

96 
103 

97 
96 


“  Values  in  C  are  equal  to  the  sum  of  those  in  A  and  B. 

*  Recovery  percentages  are  obtained  from  the  ratio  of  figures  shown  in  D 
to  corresponding  values  in  C. 


initial  tin  content  of  the  product  was  negligible  and  the  fact  that 
results  of  recovery  determinations  on  these  samples  were  uni¬ 
formly  acceptable  more  clearly  indicates  the  precision  which  may 
be  expected.  Satisfactory  recoveries  have  been  obtained  on 
samples  containing  as  much  as  400  parts  per  million  of  tin. 

The  data  presented  in  Table  III  show  the  tin  content  in  the 


original  sample,  the  amount  of  tin  added,  and  the  amount  found 
all  expressed  in  terms  of  parts  per  million.  The  ratio  of  the 
amount  actually  found  to  the  sum  of  the  original  tin  content 
and  the  added  tin  is  given  as  the  recovery. 

DISCUSSION 

By  means  of  the  procedure  described  it  is  possible  to  determine 
the  tin  content  of  a  10-gram  sample  of  food  product  containing  as 
little  as  0.5  part  per  million.  This  represents  a  considerable  in¬ 
crease  in  sensitivity  over  the  volumetric  iodometric  method, 
which  requires  50  to  100  grams  of  material.  The  increased  sen¬ 
sitivity  of  the  polarographic  procedure  in  permitting  the  use  of 
small  samples  makes  possible  a  considerable  saving  in  time  and  a 
marked  economy  of  reagents.  The  reduction  in  sample  weight, 
for  example,  reduces  the  quantity  of  nitric  and  sulfuric  acids  con¬ 
sumed  in  the  digestion  to  less  than  one  fifth  that  required  in  the 
volumetric  method.  The  use  of  hydrogen  sulfide  with  the  ac¬ 
companying  problem  of  fume  removal  is  eliminated,  as  well  as 
the  time-consuming  filtration  of  the  sulfide  precipitate.  The 
reduction  in  sample  size  also  permits  the  use  of  smaller  vessels 
and  enables  the  operator  to  handle  three  to  four  times  as  many 
determinations  concurrently. 
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RAW  SUGAR 


Sampling,  Mixing,  and  Testing 

EDWARD  F.  KENNEY,  Customs  Laboratory,  U.  S.  Treasury  Department,  Baltimore,  Md. 


New  practices  relating  to  the  sampling,  mixing,  and  testing  of  un¬ 
damaged  raw  sugar  imported  in  bags  became  effective  in  the  Bureau 
of  Customs  in  1943.  At  the  same  time  a  new  procedure  for  con¬ 
trolling  the  mixing  and  testing  was  introduced.  The  new  practices 
include  reduction  in  the  sampling  ratio  from  100%  to  one  bag  in 
seven  and  the  optional  use  of  a  new  method  of  mixing.  Experi¬ 
mental  work  on  which  the  new  practices  are  based  is  described.  Data 
on  the  efficacy  of  the  mixing  and  testing,  as  revealed  by  the  new 
control  procedure,  are  given. 

THE  customs  duty  on  imported  raw  sugar  is  based  on  the 
direct  polarization.  In  the  case  of  raw  sugar  in  bags,  the 
samples  for  analysis  are  obtained  from  mixtures  of  portions  taken 
by  means  of  a  trier  (6)  inserted  into  the  bags.  The  Customs 
Regulations  of  1907,  1923,  1931,  and  1937  provided  that  100% 
of  the  bags  be  sampled. 

In  1942,  as  the  result  of  requests  of  several  government  agencies 
that  all  possible  steps  be  taken  to  conserve  jute  bags  because  of 
war  conditions,  W.  R.  Johnson,  Commissioner  of  Customs,  ini¬ 
tiated  a  systematic  study  of  the  sampling,  mixing,  and  testing 
of  raw  sugar  to  ascertain  if  the  percentage  of  bags  sampled  per 
cargo  could  be  reduced  without  jeopardy  to  the  revenue  and  the 
number  of  bags  damaged  by  customs  samplers  thereby  lessened. 
The  study  was  developed  and  conducted  by  the  bureau’s  Division 
of  Laboratories  under  the  direction  of  H.  J.  Wollner  (then  con¬ 


sulting  chemist  to  the  Secretary  of  the  Treasury).  The  evalua¬ 
tion  of  the  results  was  made  by  the  application  of  statistical 
principles  employing  standard  methods  (1). 

SAMPLING 

Precision  Using  Customs  Trier.  The  preliminary  study 
involved  the  determination  of  the  degree  of  variability  of  the  ! 
sugar,  from  bag  to  bag,  in  two  different  cargoes,  A  and  B.  Simi¬ 
lar  information  was  subsequently  obtained  on  a  third  cargo,  C. 
The  study  was  designed  to  reveal  information  regarding  the  num¬ 
ber  of  bags  which  would  have  to  be  sampled  to  ensure  that  the 
maximum  gain  or  loss  in  revenue  per  cargo  due  to  sampling 
errors,  with  a  given  degree  of  probability,  would  not  be  excessive. 

Cargo  A  appeared  to  contain  a  considerable  amount  of  sugar 
which  had  been  stored  for  some  time  prior  to  export;  it  was  not 
very  uniform  in  appearance.  The  sugar  in  cargo  B  was  generally 
uniform  in  appearance.  The  sugar  in  cargo  C  appeared  to  repre¬ 
sent  an  abnormal  case,  varying  from  moist  dark  brown  to  dry 
almost-white  sugar. 

The  three  cargoes  were  sampled  and  tested  by  customs  officers 
at  Philadelphia,  the  samples  being  taken  with  the  customs  short 
trier  ( 6 ).  and  the  tests  being  made  by  the  customs  laboratory 
method  (8).  One  core  was  taken  from  each  bag  sampled  and 
placed  in  a  2-ounce  glass  container,  which  was  then  sealed  with 
Scotch  tape.  The  cores  were  taken  at  regular  intervals  from 
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CARGO  A. 

SS.  CHOLETUCA 

149  TESTS  IN  16  CELLS. 


CARGO  B. 
as.  CITY  OF  PHI  LA. 

28  8  TESTS  IN  II  CELLS 


CARGO  C. 

6  RAILWAY  BOX  CARS. 

ISO  TEST5  IN  19  CELLS 


Table  I. 


Figure  1.  Histograms  of  Frequency  Distribution  in  Sampling 


Summary  of  Sampling  Data  for  Three  Different  Cargoes 
Using  Customs  Short  Trier 


No.  of 

No.  of 

No.  of 

Average 

<7, 

Difference 
Between  Highest 
and  Lowest 
Individual  Test, 

°  S. 

Statisti- 

Cargo 

Bags 

Cores® 

Groups 

Test,  0  S. 

°  S. 

Actual  caD 

A 

8,996 

149 

17 

97.360 

0.718 

3.82  4.31 

B 

19,530 

288 

32 

98.025 

0.474 

2.47  2.84 

C 

1,800 

150 

30 

97.157 

1.059 

4.36  6.35 

a  Also  number  of  tests. 

* 

b  Based  on  =*=  3<r. 


TabU 


II.  Summary  of  Sampling  Data  for  Cargo  C  Using  Three 
Different  Types  of  Triers 


Trier 

Customs  short  form 
Modified  customs  short  form 
Canadian 

a  Also  number  of  tests. 


No.  of 

Average 

<7, 

Cores'1 

Test,  °  S. 

°  S. 

150 

97.157 

1.059 

150 

97.136 

1.022 

150 

97.141 

1 . 053 

different  parts  of  the  bags,  and  each  sample  was  thoroughly 
mixed  before  testing.  The  data  are  summarized  in  Table  I. 
Histograms,  showing  frequency  distributions,  appear  in  Figure  1. 

The  universe  standard  deviations,  <r,  shown  in  Table  I  repre¬ 
sent  the  variation  of  the  sugar  in  each  cargo  and  are  referred  to  as 
sampling  precisions.  A  relatively  minor  part  of  the  indicated 
variation  is  incidental  to  the  testing  (see  Table  IX). 

Precision  Using  Different  Triers.  The  data  for  cargo  C 
were  obtained  in  a  study  of  the  relative  efficiency  of  three  different 
types  of  triers,  the  customs  short  trier,  a  modified  customs  short 
trier,  and  a  Canadian  sugar  trier.  The  modification  of  the  cus¬ 
toms  trier  consisted  of  building  up  one  of  its  sides  by  welding  on  a 
strip  of  sheet  metal,  in  the  hope  of  obtaining  a  more  representa¬ 
tive  sample.  The  Canadian  trier  was  furnished  to  the  bureau 
by  one  of  the  government  war  agencies  interested  in  the  conserva¬ 
tion  of  jute.  It  had  a  solid  pointed  tip,  was  longer  and  narrower 
than  the  customs  trier,  and  was  said  to  cause  less  damage  to  the 
bags  during  sampling.  In  this  study  one  trier  was  assigned  to  a 
sampler  and  three  cores  were  taken  from  each  bag  sampled — one 
core  for  each  trier.  In  terms  of  sampling  precision,  the  three 
triers  appeared  to  be  about  equal  (Table  II). 

While  the  Canadian  trier  caused  less  damage  to  the  bags,  it 
was  found  unsuitable  for  use  in  sampling  hard,  gummy  sugar, 
which  was  being  imported  in  quantity  at  the  time.  An  endeavor 


to  eliminate  this  objection  was  made 
by  cutting  off  the  solid  tip.  While 
cores  could  be  obtained  from  all  types 
of  raw  sugar,  using  the  modified 
Canadian  trier,  dry  sugar  had  a  tend¬ 
ency  to  slip  off  when  the  trier  was 
removed  from  the  bag,  and  some  sugars 
caked  in  the  spoon  of  the  trier  and  were 
rather  difficult  to  detach.  Accordingly 
this  phase  of  the  sampling  study  was 
terminated,  and  all  subsequent  tests 
were  made  with  the  customs  short  trier. 

Maximum  Precision.  The  maxi¬ 
mum  universe  standard  deviation 
found  in  the  study  of  cargoes  A,  B,  and 
C  was  1.059°  S.  The  cargo  for  which 
this  figure  was  obtained  undoubtedly 
comprised  abnormally  nonuniform 
sugars.  In  view  of  this,  and  since 
customs  experience  over  a  period  of 
years  indicates  that  cargoes  of  raw 
sugar  in  normal  times  are  generally 
more  uniform,  1.1°  S.  is  considered  a 
conservatively  high  figure  for  the  variation  among  bags  in  a  cargo 
of  undamaged  raw  sugar.  The  only  published  information  on 
this  subject  which  has  come  to  the  attention  of  the  writer  is 
that  developed  by  Vondrak  {11)  and  by  Browne  and  Zerban  {2). 

Probable  Effects  of  Reduced  Sampling.  A  universe 
standard  deviation  of  1.1°  S.  was  used  in  calculating  the  number 
of  bags  of  undamaged  raw  sugar  which  would  have  to  be  sampled 
at  random  (one  core  per  bag)  to  ensure  that  the  maximum  sam¬ 
pling  error,  with  a  given  degree  of  probability,  would  not  exceed 
certain  figures.  The  calculated  values  appear  in  Table  III. 

Table  III  indicates  that  in  order  to  ensure  a  sampling  error  of 
not  more  than  0.05°  S.  in  99  cases  out  of  100,  at  least  3212  bags 
should  be  sampled,  one  core  per  bag.  For  an  average  cargo  of 
20,000  bags  this  would  require  the  sampling  of  about  one  bag  in 
seven.  If  we  assume  that  the  cargo  consisted  of  20,000  bags  of 
96°  S.  Cuban  sugar,  containing  325  pounds  per  bag,  a  sampling 
error  of  0.05  °  S.  would  be  equivalent  to  about  $37  at  the  present 
rate  of  duty  {10),  or  about  0.075%  of  the  total  duty  involved. 
According  to  Table  III,  if  the  same  cargo  were  sampled  100%, 
the  sampling  error  would  not  exceed  0.02°  S.  in  99  cases  out  of 
100.  This  would  be  equivalent  to  about  $15  at  the  present  rate 
or  about  0.03%  of  the  total  duty  involved. 

The  possibility  of  applying  a  sampling  ratio  of  one  bag  in  seven 
to  all  cargoes  of  undamaged  raw  sugar  was  considered.  In  this 
connection  the  maximum  gain  or  loss  in  revenue  for  different 
sized  cargoes  of  96°  S.  Cuban  raw  sugar  due  to  sampling  errors, 
assuming  a  sampling  ratio  of  one  bag  in  seven  and  a  probability 
of  0.99,  was  calculated  (Table  IV). 

Actual  Effects  of  Reducfd  Sampling.  The  customs  duties 
which  would  result  from  100%  sampling  and  reduced  sampling 
of  Cuban  raw  sugar  in  bags  were  determined  from  tests  made  of 
actual  samples  from  five  different  cargoes.  The  sampling,  mix- 


Table  III. 


Relation  between  Maximum  Sampling  Error  and  Number 
of  Bags  to  Be  Sampled,  One  Core  per  Bag° 


limum  Sampling 

No.  of  Bags  to  Be 

Error,  0  S. 

Sampled  (Cores)  s 

0.5 

32 

0.2 

201 

0.1 

803 

0.05 

3,212 

0.02 

20,073 

0.01 

80,293 

°  Based  on  a  of  1.1°  S.  and  probability  of  0.99. 

t2  X  ff'2 


b  Calculated  by  use  of  formula: 


E 2 


where  n  is  number  of  bags  to  be  sampled  (cores) ,  t  is  factor  for  probability,  a 
is  universe  standard  deviation,  and  E  is  maximum  sampling  error. 
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ing,  and  testing  were  done  by  customs  officers  at  Philadelphia. 
In  the  case  of  100%  sampling,  the  usual  customs  practices  (3,  8) 
were  followed,  except  that  the  average  test  of  each  cargo  was 
calculated  on  a  weight  basis  rather  than  on  the  usual  basis  of  the 
number  of  bags.  If  the  mixing  practices  in  effect  at  the  time 
were  applied  to  the  sugar  obtained  in  the  reduced  sampling  ex¬ 
periments,  fewer  mixes  would  result  and  the  amount  of  duty 
represented  by  each  mix  consequently  would  be  greater.  This 
indicated  the  importance  of  ensuring  thorough  mixing  in  con¬ 
nection  with  reduced  sampling  practices— more  so  than  in  the 
case  of  100%  sampling.  With  this  in  mind,  the  following  modi¬ 
fications  in  the  existing  practices  (3,  8 )  were  introduced  in  the 
case  of  the  reduced  sampling  experiments:  each  bucket  was 
mixed  separately;  one  laboratory  sample  was  prepared  from 
each  bucket;  each  laboratory  sample  was  obtained  by  taking 
portions  from  different  parts  of  the  mixed  sugar,  using  a  measur¬ 
ing  spoon;  the  quantity  of  sugar  in  each  sample  was  in  propor¬ 
tion  to  the  quantity  of  sugar  in  each  bucket;  and  the  laboratory 
mixed  together  the  samples  from  the  half-day’s  sampling  of  the 
cargo  and,  with  one  exception,  made  ten  tests  on  the  resulting 
mixture.  The  results  obtained  for  the  five  cargoes  appear  in 
Table  V. 

Sampling  Ratio  Recommended.  It  was  decided  to  recom¬ 
mend  that  for  customs  purposes  the  sampling  of  one  bag  in  seven, 
using  the  customs  short  trier,  be  authorized  in  the  case  of  un¬ 
damaged  raw  sugar.  This  recommendation  was  based  primarily 
on  the  data  derived  from  the  statistical  study  (Table  IV)  and  on 
actual  cargoes  (Table  V).  Data  were  subsequently  obtained  on  a 
sixth  cargo,  sampling  100%  and  one  bag  in  seven,  but  were  not 
included  in  Table  V. 

MIXING 

The  over-all  error  in  the  average  test  for  a  cargo  of  raw  sugar 
includes,  in  addition  to  the  sampling  error,  errors  incidental  to 
the  mixing  and  testing  operations.  Effects  of  sampling  errors 
have  previously  been  discussed.  With  regard  to  mixing  and 
testing  errors,  for  practical  reasons  these  are  considered  as  a 
combined  error  in  the  following  discussion. 

Precision  of  Hand  Mixing  Method.  The  first  step  in  the 
study  of  mixing  consisted  of  determining  the  precision  of  the 
hand  method  of  mixing  ( 5 )  which  was  in  effect  at  the  time. 
Five  cargoes  of  Cuban  raw  sugar  were  involved,  one  each  at 
Baltimore,  New  Orleans,  New  York,  Philadelphia,  and  Savannah. 
The  sampling,  mixing,  and  testing  were  done  by  customs  officers 
in  the  usual  manner,  except  that  five  tests  instead  of  two  were 


made  on  each  mix  of  undamaged  sugar.  The  data  are  sum¬ 
marized  in  Table  VI. 

The  differences  between  the  highest  and  lowest  average  tests 
of  the  mixes  (Table  VT)  are  an  indication  of  the  relative  varia¬ 
bility  of  the  cargoes.  While  it  might  be  expected  that  a  definite 
relationship  between  the  variability  of  the  cargoes  and  the  miring 
precisions,  a,  would  be  found,  this  does  not  appear  to  be  the 
case,  probably  because  the  testing  precision  is  included  in  and 
represents  a  significant  part  of  the  precision  of  the  mixing  method. 


Table  VI. 


Port 

Symbol 

A 

B 

C 

D 

E 


Comparison  of  Mixing  and  Testing  Precisions,  a,  for 
Different  Ports  (Hand  Method  of  Mixing) 


No.  of 
Mixes 

Average 
Test  of 
Cargo,  °  S. 

Difference  between 
Highest  and  Lowest 
Average  Tests  of 
Mixes,  °  S. 

<?,  °  S. 

36 

97.528 

0.484 

0 . 0409 

33 

97.324 

0.828 

0 . 0658 

20 

97.549 

0.142 

0.0536 

21 

97.188 

0.484 

0 . 0479 

15 

96.864 

0.160 

0.0438 

Precision  of  New  Mixing  Method.  The  customs  regula¬ 
tions  in  effect  at  the  time  £6)  required  that  the  average  test  be 
determined  for  the  sugar  represented  by  each  half-day’s  sampling 
of  a  cargo  and  that  not  more  than  3  full  buckets  of  sugar  should 
be  mixed  together  (7).  This  meant  that  under  100%  sampling  a 
number  of  mixes  were  generally  necessary  for  each  half-day’s  sam¬ 
pling  of  a  cargo.  It  was  anticipated  that  a  similar  condition  might 
also  apply  when  one  bag  in  seven  was  sampled.  Since  by  limiting 
the  number  of  mixes  per  cargo  to  one  each  half-day  the  over-all 
work  would  be  simplified,  it  was  decided  to  develop  a  method 
of  mixing  which  would  serve  this  purpose  in  most  cases  and  yet 
be  sufficiently  precise. 

While  the  modifications  in  existing  practices  referred  to  in 
connection  with  Table  V  resulted  in  one  mix  per  half-day,  it  was 
believed  practicable  to  devise  a  simpler  method.  Accordingly,  a 
number  of  mixing  experiments  were  subsequently  conducted  by 
customs  officers  at  Philadelphia.  These  experiments  culminated 
in  the  development  of  special  equipment  and  a  new  method  of 
mixing,  which  was  called  the  box  and  screen  method  (5).  (The 
method  employs  a  0.375-inch  mesh  wire  screen,  fitted  over  a  4- 
box  receiver,  each  box  being  detachable.  With  the  aid  of  a 
similar  receiver  all  the  sugar  is  screened  and  quartered  three 
times.)  The  most  important  experiment  .is  described  in  the 
following: 


Table  IV.  Relation  between  Maximum  Sampling  Error  and 
Maximum  Gain  or  Loss  in  Revenue  for  Different  Sized  Cargoes  of 
96°  S.  Cuban  Raw  Sugar  (Sampling  Ratio  1  in  7)° 


No.  of 

No.  of  Bags 

Maximum 

Maximum  Gain  or 

Bags  in 

Sampled 

Total 

Sampling 

Loss  in  Revenue 

Cargo 

(Cores) 

Revenue,  S 

Error*1,  °  S. 

$ 

% 

60,000 

7,143 

121,875 

0.034 

61 

0  05 

20,000 

2,857 

48,750 

0.053 

39 

0.08 

10,000 

1,429 

24,375 

0.075 

27 

0.11 

6,000 

714 

12,188 

0.106 

19 

0.16 

2,000 

286 

4,875 

0.168 

12 

0.25 

1,000 

143 

2,438 

0.237 

9 

0.37 

500 

71 

1,219 

0.335 

6 

0.49 

300 

43 

731 

0.433 

5 

0.68 

9  Based 

on  a  of  1.1°  S., 

probability  of  0.99  and  325  pounds  of 

sugar  per 

bag  dutiable  at  SO. 0075  per  pound. 

b  Calculated  by  use  of  formula  appearing  under  Table  III. 


Two  abnormal  mixtures,  each  consisting  of  about  37.5  pounds 
of  low  test  raw  sugar  (95°  S.)  and  about  37.5  pounds  of  high  test 
raw  sugar  (97.7°  S.)  were  used.  In  each  case  5  bucketfuls  (about 
75  pounds)  were  prepared,  each  containing  approximately  equal 
layers  of  the  low  and  high  test  sugar.  Each  lot  was  mixed  by  the 
box  and  screen  method,  with  the  exception  that  one  lot  was 
screened  twice  instead  of  three  times.  In  each  case  30  groups  of 
samples,  each  group  consisting  of  one  sample  from  each  of  the 
four  boxes,  were  taken  from  the  final  mixture.  The  four  samples 
in  each  group  were  taken  at  the  same  time.  Each  sample  con¬ 
sisted  of  about  2  ounces.  All  the  samples  in  each  mixture  were 
tested  as  a  unit,  without  mixing,  by  the  same  chemist,  under  the 
same  conditions.  In  the  case  of  two  screenings  the  elapsed  time 
for  the  mixing  was  3.33  minutes  and  the  mixing  precision,  a,  was 

0.1701.  In  the  accepted  mix¬ 
ing  procedure  involving  three 
screenings  5.67  minutes  were 
consumed  and  the  precision  was 
found  to  be  0.1102. 


Table  V.  Comparison  of  Revenue  for  Five  Cargoes  Based  on  Actual  Tests 


No.  of 

100%  Sampling 

Reduced  Sampling 

Bags  in 

No.  of 

Average 

1 

Sampling 

No. 

Average 

2 

Revenue, 

1  -  : 

Cargo 

Cargo 

tests 

test,  °  S.“ 

Revenue 

ratio 

of  tests  test,  °  S.b 

Revenue 

S 

% 

1 

7043 

24 

96.92028 

S  17,578 

3  in  7 

40 

96.913 

$  17,576 

+  2 

0.01 

2 

15709 

48 

97.31611 

39,397 

2  in  7 

63 

97 . 342 

39,412 

-15 

0.04 

3 

24993 

74 

97.10752 

62,557 

1  in  7 

80 

97 . 106 

62,555 

+  2 

0.00 

4 

7124 

24 

97.01166 

17,864 

3  in  7 

50 

96.999 

17,861 

+  3 

0.02 

5 

49483 

138 

97.18038 

124,038 

1  in  7 

80 

97.218 

124,106 

-68 

0.05 

“  Calculated  to  5  decimals  in  accordance  with  practice  in  effect  at  the  time. 
*  Calculated  to  3  decimals  in  accordance  with  present  practice. 


The  precision,  tr,  of  0.1102  for 
the  box  and  screen  method  of 
mixing  represents  an  extreme 
condition.  Id  view  of  this  and 
the  results  obtained  in  the  study 
of  the  hand  method  of  mixing,  i 
0.11°  S.  may  be  considered  a 


conservatively  high  figure  for  the 
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Table  VII.  Relation  between  Number  of  Tests  per  Mix  and 
Maximum  Mixing  and  Testing  Error  per  Mix" 


No.  of  Tests 
per  Mix 


Maximum  Mixing  and 
Testing  Error  per 
Mix,  °  S.6 


2 

4 

6 

8 

16 

32 

64 

128 

256 


0.200 

0.142 

0.116 

0.100 

0.071 

0.050 

0.035 

0.025 

0.018 


“  Based  on  a  of  0.11  and  probability  of  0.99. 

6  Calculated  by  use  of  formula  appearing  under  Table  III. 


ombined  mixing  and  testing  precision,  a,  when  either  method  is 
>roperly  used  on  undamaged  raw  sugar.  An  idea  of  the  relative 
fficiency  of  the  two  methods  can  be  obtained  by  reference  to 
^able  X. 


TESTING 

Mixing  and  Testing  Errors.  Using  0.11  as  the  mixing  and 
esting  precision,  the  maximum  mixing  and  testing  errors  per  mix 
or  different  numbers  of  tests  per  mix,  for  a  probability  of  0.99, 
/ere  calculated  (Table  VII). 

NEW  CUSTOMS  METHOD 

Sampling  and  Mixing  Procedures.  Detailed  instructions 
n  new  procedures  for  the  sampling  and  mixing  of  raw  sugar 
or  customs  purposes  were  prepared  as  an  amendment  to  the 
lureau  of  Customs  Sampling  Guide.  This  amendment  ( 5 ),  in 
he  form  of  method  17,  entitled  “Raw  Sugar”,  became  effective 
uly  14,  1943. 

Instructions  on  Testing.  The  maximum  gain  or  loss  in 
evenue  for  a  cargo  of  raw  sugar  due  to  the  mixing  and  testing 
rror  depends  in  part  on  the  number  of  mixes,  the  quantity  of 
ugar  in  each  mix,  and  the  number  of  tests  per  mix.  In  view  of 
his,  and  since  the  amount  of  revenue  represented  by  a  cargo  de- 
•ends  partly  on  the  quantity  of  sugar  involved,  it  was  deemed 
mpractical  to  require  that  the  number  of  tests  per  mix  or  per 
argo  be  such  that  the  maximum  mixing  and  testing  error,  with  a 
;iven  degree  of  probability,  would  not  exceed  a  specified  figure. 
?he  instructions  ( 9 )  finally  issued  in  this  connection  were  based 
n  a  practical  application  of  statistical  principles.  The  pertinent 
>art  of  these  instructions  is  as  follows: 

The  sample  submitted  to  the  laboratory  for  a  mix  may  consist 
f  four  full  cans,  two  full  cans,  one  full  can,  or  even  one  partially 
ill  can,  depending  upon  the  quantity  of  sugar  present  in  the  mix. 
'wo  tests  shall  be  made  on  each  can  submitted  from  each  mix  of 
ndamaged  raw  sugar,  except  that  in  the  case  of  mixes  represent- 
ig  5000  or  more  bags,  four  tests  shall  be  made  on  each  can. 

Inasmuch  as  it  is  desired  to  obtain  data  on  the  efficacy  of  the 
revious  mixing  of  the  sample,  special  care  shall  be  taken  to  avoid 
fixing  the  sugar  in  the  can  either  before  or  when  removing  a  por- 
ion  for  test.  All  reasonable  efforts  shall  be  made  to  take  each 
sst  portion  from  a  different  position  in  the  can.  For  example, 
fter  the  upper  surface  layer  has  been  discarded,  the  first  test 
ortion  shall  be  taken  from  the  resulting  exposed  surface.  The 
icceeding  surface  layer  shall  then  be  discarded  before  the  next 
ortion  is  removed  for  weighing. 

The  requirement  as  to  the  number  of  tests  per  can  was  de¬ 
igned  to  keep  the  errors  incidental  to  the  mixing  and  testing  as 
)w  as  practicable.  For  this  purpose  it  was  desirable  that  each 
pst  portion  come  from  a  different  part  of  the  mix,  preferably  by 
aving  the  number  of  cans  sent  to  the  laboratory  for  each  mix 
brrespond  to  the  number  of  tests  to  be  made  on  each  mix.  It 
■as  deemed  impractical  at  the  time  to  submit  one  can  per  test 
ecause  of  the  difficulty  in  getting  proper  containers.  In  order 
p  accomplish  the  desired  purpose  and  at  the  same  time  permit  a 
.udy  of  the  efficiency  of  the  routine  mixing  and  testing  opera¬ 


tions,  instructions  regarding  the  nonmixing  of  the  samples  in  the 
laboratory  were  included. 

Estimated  Over-all  Precision.  It  was  anticipated  that, 
following  the  practical  application  of  method  17,  the  mixing  and 
testing  error  for  an  average  cargo  generally  would  not  exceed  the 
maximum  sampling  error  for  the  cargo.  For  example,  according 
to  Table  IV,  the  sampling  error  for  a  20,000-bag  cargo,  sampling 
ratio  one  bag  in  seven,  would  not  be  expected  to  exceed  0.053  °  S. 
in  99  cases  out  of  100.  Assuming  five  as  the  average  number  of 
mixes,  each  representing  4000  bags,  and  eight  tests  per  mix,  the 
mixing  and  testing  error  for  the  cargo  would  not  be  expected  to 
exceed  0.045  °  S.  in  99  eases  out  of  100.  This  figure  is  obtained  by 
dividing  the  maximum  mixing  and  testing  error  per  mix  (from 
Table  VII)  by  the  square  root  of  the  number  of  mixes.  It  may 
also  be  assumed  that  the  sampling,  mixing,  and  testing  error 
for  the  cargo  would  not  exceed  0.069°  S.  in  99  cases  out  of  100. 
This  figure  is  obtained  by  taking  the  square  root  of  the  sum  of 
the  squares  of  the  maximum  sampling  error  and  the  maximum 
mixing  and  testing  error. 

In  view  of  the  foregoing,  it  would  appear  reasonable  to  assume 
that  the  maximum  sampling,  mixing,  and  testing  errors  due  to 
chance,  when  method  17  is  followed,  generally  will  not  be  exces¬ 
sive. 


CONTROL  OF  MIXING  AND  TESTING 

Control  Procedure.  Under  the  reduced  sampling  procedure 
authorized  by  method  17  each  mix  represents  a  greater  propor¬ 
tion  of  the  cargo  and  the  total  number  of  mixes  required  for  the 
cargo  are  materially  less  than  when  100%  sampling  is  practiced. 
This  indicated  the  desirability  of  maintaining  some  kind  of  statis¬ 
tical  control  in  connection  therewith.-  Accordingly  a  procedure 
designed  to  reveal  inadequacies  in  the  routine  mixing  and  testing 
of  each  importation  of  undamaged  raw  sugar  was  devised  (4), 
and  made  official  for  customs  purposes  on  July  14,  1943.  The 
following  are  the  pertinent  portions  of  the  procedure : 

When  imported  raw  sug&r  is  sampled  for  test  at  each  port,  the 
appraiser  forwards  to  the  director  of  the  National  Bureau  of 
Standards  a  duplicate  of  one  of  the  samples  sent  to  the  customs 
laboratory. 

Only  one  sample  is  submitted  to  the  National  Bureau  of  Stand¬ 
ards  for  each  importation.  It  is  taken  from  one  of  the  regular 
mixes  of  undamaged  sugar  and  consists  of  the  same  number  of 
cans  as  the  regular  laboratory  sample  from  that  mix. 

The  samples  sent  to  the  customs  laboratory  and  the  National 
Bureau  of  Standards  are  tested  immediately  on  receipt.  The 
average  tests  and  the  individual  tests  obtained  on  the  duplicate 
samples  are  forwarded  to  the  U.  S.  Customs  Laboratory,  Balti¬ 
more,  Md.,  where  they  are  studied  by  statistical  methods. 

The  customs  laboratories  do  not  know  which  mixes  are  being 
studied  until  after  their  reports  have  been  submitted  to  the  ap¬ 
praisers.  Accordingly,  their  results  represent  routine  conditions 
for  the  testing. 

Data,  Criteria,  and  Conclusions.  The  more  important 
of  the  statistical  values  derived  from  the  control  procedure  will 
be  found  in  Tables  VIII,  IX,  and  X. 

Some  of  the  criteria  which  were  set  up  in  connection  with  the 
study  of  the  data  and  the  conclusions  which  were  drawn  from  the 
study  are  as  follows: 

^  If  the  standard  deviation,  <r,  for  both  the  customs  and  the 
National  Bureau  of  Standards  tests  for  a  given  sample  are  out 
of  control,  existence  of  disturbing  factors  outside  the  laboratory, 
presumably  in  the  mixing  operation,  is  indicated.  Only  three 
such  cases  were  noted  among  the  399  samples  which  could  be 
considered. 

If  the  difference  between  the  average  tests  (customs  and  N.  B.  S.) 
on  the  same  sample  exceeds  the  range  of  the  control  limits  for 
averages,  2  Ac,  an  assignable  cause  in  the  nature  of  a  constant 
testing  error  or  a  change  in  the  moisture  content  is  indicated.  In 
determining  the  range  of  the  control  limits  for  averages  the  higher 
of  the  two  a ’s  was  used.  Assignable  causes  were  indicated  in  28% 
of  the  cases  when  the  hand  method  of  mixing  was  involved,  and 
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Table  VIII.  Comparison  of  Average  Tests  for  Individual  Customs 
Chemists  and  Individual  Customs  Laboratories  with  Those  for  N.B.S.“ 


Customs 

Labora- 

Customs 

Average  Test, 

0  S. 

tory 

Chemist 

No.  of 

i 

2 

Difference 

Symbol 

Symbol 

Samples 

Customs 

N.B.S. 

1  -  2 

A 

57 

97.158 

97.185 

-0.027 

H 

8 

97.404 

97.345 

+  0.059 

I 

49 

97.118 

97.159 

-0.041 

F 

99 

97.401 

97 . 343 

+  0.058 

J 

86 

97 . 403 

97.334 

+  0.069 

K 

2 

97 . 000 

96.936 

+  0.064 

L 

11 

97.460 

97 . 487 

-0.027 

B 

1286 

97 . 138 

97.139 

-0.001 

M 

6 

96.754 

96.738 

+  0.016 

N 

46 

97.296 

97 . 284 

+  0.012 

O 

76 

97.073 

97 . 082 

-0.009 

C 

120 

97.218 

97.149 

+  0.069 

P 

14 

97.058 

96.941 

+  0.117 

Q 

106 

97.239 

97.177 

+  0.062 

D 

150 

97.369 

97.356 

+  0.013 

R 

144 

97.370 

97.358 

+  0.012 

S 

6 

97.353 

97.298 

+0.055 

G 

7 

98.576 

98.710 

-0.134 

T 

6 

98.556 

98 . 705 

-0.149 

U 

1 

98.696 

98.738 

-0.042 

E 

64 

96.997 

96.940 

+  0.057 

V 

21 

96 . 934 

96 . 857 

+  0.077 

w 

24 

96.962 

96 . 904 

+  0.058 

X 

19 

97.112 

97.078 

+  0.034 

Total 

625 

Averages 

97.254 

97.227 

+  0.027 

°  Table  is  based  on  data  for  samples  obtained  by  both  methods  of  mixing. 
Number  of  tests  per  sample  varies  from  2  to  8. 
b  Includes  samples  from  2  ports. 


in  34%  of  the  cases  when  the  box  and  screen  method  was  in¬ 
volved.  For  these,  70%  of  the  differences  were  0.2°  S.  or  less, 
95%  were  0.3°  S.  or  less,  98%  were  0.4°  S.  or  less,  99%  were 
0.5°  S.  or  less,  and  none  exceeded  0.583°  S. 

The  following  conclusions  can  be  drawn  from  Table  X:  There 
is  little  difference  in  the  precision  of  the  mixing  by  customs  officers 
at  the  several  ports;  and  in  terms  oi  mixing  precision  there  is 
little  difference  between  the  two  methods  of  mixing  as  practiced 
by  customs  officers. 

The  o-’s  in  Tables  IX  and  X  can  be  used  in  calculating  the 
maximum  mixing  and  testing  error  per  mix  for  a  given  probability. 
However,  since  the  o-’s  are  based  on  two  tests  per  can  per  sample, 
there  may  be  some  question  as  to  the  reliability  of  the  error  thus 
determined.  Accordingly,  a  number  of  the  o-’s  in  Table  IX 
were  recalculated,  using  the  data  for  the  first,  test  on  each  can 
per  sample.  Table  XI  indicates  that,  as  anticipated,  the  effect  of 
making  two  tests  per  can  under  the  prescribed  conditions  is 
equivalent  to  that  of  making  one  test  on  each  of  two  cans. 


ACKNOWLEDGMENT 

The  author  is  indebted  to  John  F.  Williams,  chief,  Division  of 
Laboratories,  Bureau  of  Customs,  for  valuable  suggestions,  to 
Joseph  Lamb,  Customs  Laboratory,  Philadelphia,  Pa.,  and  many 
other  customs  officers  who  cooperated  in  this  investigation,  and  to 
Carl  F.  Snyder  of  the  Polarimetry  Section,  National  Bureau  of 
Standards,  for  assisting  in  the  control  procedure 


LITERATURE  CITED 

(1)  Am.  Soc.  Testing  Materials,  Manual  on  Presentation  of  Data, 

Including  Supplements  A  and  B,  Philadelphia,  American 
Society  for  Testing  Materials,  1943. 

(2)  Browne  and  Zerban,  “Handbook  of  Physical  and  ©hemical 

Methods  of  Sugar  Analysis”,  3rd  ed.,  p.  2,  New  York,  John 
Wiley  &  Sons,  1941. 

(3)  Bureau  of  Customs,  U.  S.  Treasury  Department,  "Appraise¬ 

ment  Circular  Letter  25”,  Washington,  D.  C.,  Oct.  23,  1939. 

(4)  Ibid.,  No.  46,  July  14,  1943. 

(5)  Bureau  of  Customs,  U.  S.  Treasury  Department,  “Circular 

Letter  2416”,  sampling  method  17  attached,  Washington, 
D.  C.,  July  14,  1943. 


Table  IX.  Comparison  of  Mixing  and  Testing  Precisions,  cr,  fc 
Each  Method  of  Mixing  Based  on  Tests  by  N.B.S.  and  Customs3 


Customs 

Hand  Method 

Box  and  Screen  Met 

Laboratory 

Chemist 

No.  of 

Symbol 

Symbol 

samples 

<J 

samples 

<T 

A 

I 

32 

0.064 

N.B.S. 

32 

0.039 

F 

J 

76 

0.060 

N.B.S. 

76 

0.040 

F 

L 

30 

0.064 

B 

O 

41 

0.061 

N.B.S. 

41 

0.050 

B 

O 

586 

0.060 

N.B.S. 

58  b 

0.049 

B 

N 

34  !> 

0.044 

N.B.S. 

34*> 

0.042 

C 

Q 

106 

0.065 

N.B.S. 

106 

0.046 

C 

P 

37 

0.088 

D 

R 

41 

0.047 

103 

0.044 

N.B.S. 

41 

0.043 

103 

0.042 

D 

S 

.  .  . 

30 

0.055 

G 

T 

34 

0.041 

.  , 

E 

V 

34 

0.041 

W 

47 

0.051 

X 

49 

0.066 

“  Same  samples  used  in  each  case  where  N.B.S.  data  are  given.  In  sucl 
cases,  each  sample  came  from  a  different  cargo.  Where  no  N.B.S.  data  an 
given,  all  samples  were  not  tested  by  N.B.S.  and  more  than  one  sample  mai 
have  come  from  the  same  cargo. 

Includes  samples  from  2  ports. 


Table  X. 

Comparison  of  Mixing  and  Testing  Precisions, 

<r,  for  Eac 

Method  of  Mixing  Basec 

on  N.B.S.  Tests 

Hand  Method 

Box  and  Screen  Method 

'  No.  of 

N.B.S., 

No.  of 

N.B.S., 

Port 

samples 

<J 

samples 

<J 

A 

38 

0.038 

F 

87 

0.040 

Y 

33 

0  045 

B 

63 

0.049 

C 

120 

0.046 

D 

43 

0,043 

107 

0.041 

E 

63 

0.047 

All 

202 

0.040 

423 

0.044 

Table  XI. 

Comparison  of  Mixing  and  Testing  Precisions, 

o-,  for  Eacl 

Method  of  Mixing  Based 

on  Customs  Tests 

(2  tests  per 

can  and  one  test  per  can  per  sample) 

Nn  of 

Box  and  Screen 

Labora- 

Customs 

Tests 

Hand  Method 

Method 

tory 

Chemist 

per 

No.  of 

No.  of 

Symbol 

Symbol 

Can 

samples 

< T 

samples 

a 

A 

I 

2 

32 

0.064 

A 

I 

1 

32 

0.056 

.  . 

.  .  . 

F 

J 

2 

76 

0.060 

F 

J 

1 

76 

0.063 

.  . 

B 

O 

2 

41 

0.061 

B 

O 

1 

41 

0.063 

B 

0 

2 

58“ 

0.060 

B 

0 

1 

.  .  . 

58“ 

0.062 

B 

N 

2 

34“ 

0.044 

B 

N 

1 

34“ 

0.045 

C 

Q 

2 

106 

0.065 

C 

Q 

1 

106 

0.069 

D 

R 

2 

41 

0.047 

103 

0.044 

D 

R 

1 

41 

0.055 

103 

0.049 

°  Includes 

samples  from  2  ports. 
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Picric  Acid  Method  for  Determination  of  Aromatic 
Content  of  Aviation  Gasoline 

C.  M.  GAMBRILL  AND  J.  B.  MARTIN1,  Ethyl  Corporation,  Detroit,  Mich. 


Dobryanskii  and  Tikhonov-Dubrovskii  utilized  the  difference  in 
solubility  of  picric  acid  in  aromatic  and  nonaromatic  hydrocarbons  to 
develop  a  method  for  determining  the  aromatic  content  of  aviation 
gasoline.  The  method  has  been  modified  to  increase  its  accuracy, 
precision,  and  rapidity.  The  solubility  of  the  picric  acid  in  gasoline 
is  determined  at  some  temperature  between  20°  and  30°  C.  Apply- 

A METHOD  for  determining  the  aromatic  content  of  aviation 
gasoline  by  utilizing  the  difference  in  solubility  of  picric  acid 
in  aromatic  and  nonaromatic  hydrocarbons  was  reported  by 
Dobryanskii  and  Tikhonov-Dubrovskii  (2).  Their  method  for 
determining  the  dissolved  picric  acid  was  tedious,  and  they  did 
not  consider  the  effect  of  variations  in  temperature  on  the  solu¬ 
bility.  The  authors  have  developed  a  more  accurate,  more  pre¬ 
cise,  and  more  rapid  method  for  determining  the  dissolved  picric 
acid.  By  making  a  temperature  correction,  the  solubility  of  the 
acid  may  be  determined  at  any  convenient  temperature  between 
20°  and  30°  C.  (a  wider  range  may  be  used  if  needed).  The  per 
cent  of  aromatics  in  the  gasoline  is  then  obtained  directly  from  a 
curve  of  aromatic  content  versus  solubility. 

The  procedure  is  most  accurate  in  the  determination  of  a  single 
aromatic  hydrocarbon  in  paraffin  hydrocarbons,  but  is  satis¬ 
factory  for  those  mixtures  of  aromatics  which,  may  be  found  in 
aviation  gasoline.  The  presence  of  olefins  and  naphthenes  in 
gasoline  necessitates  a  slight  correction:  —1.4%  for  each  10% 
of  olefins  and  —0.6%  for  each  10%  of  naphthenes.  For  high 
accuracy,  therefore,  the  bromine  number  of  cracked  gasolines 
should  be  determined  and  the  appropriate  correction  made. 

METHOD 

A  60-ml.  sample  of  the  gasoline  is  measured  into  a  125-ml. 
Squibb-type  separatory  funnel  containing  1  gram  of  pure  picric 
acid.  Commercially  available  c.p.  or  reagent  quality  picric  acid 
containing  up  to  10%  water  gives  precise  results,  but  for  a  large 
number  of  determinations  the  dry  picric  acid  is  more  convenient. 
The  sample  is  brought  to  room  temperature,  which  should  be  be¬ 
tween  20°  and  30°  C.,  and  is  shaken  for  5  minutes,  either  by 
hand  or  by  means  of  a  mechanical  shaker.  If  shaken  by  hand, 
the  flask  is  held  in  the  finger  tips,  so  that  the  heat  from  the  hand 
will  not  cause  a  change  in  temperature  during  the  shaking  period. 
The  temperature  of  the  sample  is  then  recorded  and  the  sample 
is  filtered  into  a  125-ml.  Erlenmeyer  flask  through  a  Whatman 
No.  1  or  other  fast  filter  paper.  A  50-ml.  sample  of  the  filtrate 
is  pipetted  into  a  250-ml.  iodine  flask  containing  40  ml.  of  dis¬ 
tilled  water.  Three  drops  of  m-cresol  purple  indicator  are  added, 
and  0.05  N  alkali  is  added  to  the  sample  from  a  buret,  while  the 
flask  is  swirled  gently,  until  the  color  of  the  indicator  is  changed 
to  purple  and  approximately  1-ml.  excess  of  alkali  has  been 
added.  The  mixture  is  then  shaken  vigorously  for  one  minute. 
The  two  layers  are  allowed  to  separate,  after  which  the  excess 
alkali  is  titrated  with  0.01  N  hydrochloric  acid  to  the  complete 
disappearance  of  the  reddish-purple  color  of  the  indicator  as 
viewed  under  a  tungsten  filament  lamp. 

The  dissolved  picric  acid  in  100  ml.  of  a  saturated  solution  of 
picric  acid  in  the  gasoline  is  expressed  by  the  equation : 

Mg.  of  picncacid  =  45g  2  x  (mj_  of  NaOH  X  N  NaOH  -  ml.  of 
100  ml. 

The  measured  solubility  is  corrected  to  the  value  for  25°  C. 
by  the  equation: 

Solubility  at  25°  C.  =  mg~  aCld[l  +  0.035(25°  C.  -  t)] 


1  Present  address,  Agricultural  Chemistry  Department,  Purdue  University, 
Lafayette,  Ind. 


ing  a  temperature  correction  to  obtain  the  solubility  at  25°  C.,  the 
percentage  of  aromatics  is  obtained  by  reference  to  a  standard  curve. 
The  presence  of  olefins  and  naphthenes  necessitates  a  slight  correc¬ 
tion:  —  1.4%  for  each  10%  of  olefin  and  —0.6%  for  each  10% 
of  naphthenes.  The  method  is  accurate  to  =*=1%  in  the  range  of  0 
to  25%  of  aromatics. 

where  t  is  the  observed  temperature  in  degrees  Centigrade.  The 
percentage  of  aromatics  in  the  gasoline  is  then  read  from  one  of 
the  curves  presented  with  this  report,  as  discussed  below. 

EXPERIMENTAL 

The  development  of  the  method  included  the  following  investi¬ 
gation: 

Titration  of  the  picric  acid  dissolved  in  the  gasoline. 

Effect  of  temperature  on  the  solubility  of  picric  acid. 

Satisfactory  shaking  time  to  saturate  gasoline  with  picric  acid. 

Effect  of  purity  of  picric  acid  on  its  solubility  in  gasoline. 

Solubility  of  picric  acid  in  blends  of  aromatics  with  iso-octane 
(2,2,4-trimethylpentane,  Rohm  and  Haas). 

Effect  of  olefins  and  naphthenes  upon  the  solubility  of  picric 
acid. 

Selection  of  Titration  Method.  In  this  portion  of  the 
work  the  following  points  were  studied: 

The  most  suitable  indicator  for  the  titration. 

Direct  titration  of  the  picric  acid  compared  with  back-titration 
of  an  excess  alkali. 

Size  of  the  gasoline  sample. 

Concentration  of  alkali. 

A  blend  of  10%  benzene  in  iso-octane  was  prepared  and  500 
ml.  were  shaken  with  5  grams  of  picric  acid  for  30  minutes.  Sam¬ 
ples  of  10  to  15  ml.  of  this  gasoline,  saturated  with  picric  acid, 
were  pipetted  into  125-ml.  iodine  flasks  containing  water  and  the 
acid  was  titrated:  (1)  by  adding  0.01  or  0.05  N  alkali  with  long 
shaking  until  an  end  point  was  reached  with  phenolphthalein 
indicator,  or  (2)  by  adding  an  excess  of  alkali  as  evidenced  by  the 
color  change  of  thymol  blue,  bromothymol  blue,  phenolphthalein, 
or  m-cresol  purple,  and  back-titrating  with  0.01  N  acid. 

These  tests  showed  that  thymol  blue  did  not  give  a  satisfactory 
end  point,  probably  because  it  was  soluble  in  the  gasoline;  that 
bromothymol  blue  had  a  green  to  yellow  end  point  that  was  very 
difficult  to  detect  in  the  picric  acid  solution;  and  that  a  higher 
solubility  was  obtained  by  using  phenolphthalein  than  by  using 
m-cresol  purple.  This  difference  may  be  attributed  to  differences 
in  the  pH  range  of  the  two  indicators,  to  the  fact  that  more 
carbon  dioxide  may  be  titrated  as  picric  acid  by  using  phenol¬ 
phthalein,  and  that  the  m-cresol  purple  end  point  was  more  easily 
detected  than  the  phenolphthalein  end  point.  The  selection  of 
m-cresol  purple  made  it  necessary  to  use  the  back-titration  pro- 
-  cedure,  since  it  was  impossible  to  extract  all  the  picric  acid  from 
the  gasoline  phase  at  the  alkaline  pH  range  of  this  indicator  (pH 
7.4  to  9.0).  The  back-titration  procedure  had  a  further  ad¬ 
vantage  in  that  the  solution  required  less  shaking  to  reach  the 
end  point. 

HC1  X  N  HC1)  In  varying  the  size  of  the  gasoline  sample  for 

titration  from  10  to  50  ml.,  it  was  noted  that  the 
larger  the  sample  the  lower  the  apparent  solubility  of  picric 
acid.  This  effect  was  attributed  to  interference  by  small 
amounts  of  carbon  dioxide  dissolved  in  the  water.  Although  it 
would  be  possible  to  correct  for  this  aliquot  error  empirically,  it 
seemed  advisable  to  use  the  larger  gasoline  sample. 

In  comparing  results  obtained  by  using  0.01  N  and  0.05  N 
alkali,  it  was  found  that  the  more  concentrated  alkali  gave  re- 
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suits  of  higher  precision.  It  is  probable  that  the  0.01  N  alkali 
contained  sufficient  carbonate  to  cause  the  poorer  results. 
Therefore,  0.05  N  alkali  is  recommended. 

Determination  of  Temperature  Coefficient.  Measure¬ 
ments  of  the  solubility  of  picric  acid  were  made  at  room  tempera¬ 
ture  and  at  approximately  0°  C.,  in  blends  of  aromatics  with 
technical  grade  iso-octane  and  in  Houdry  process  gasoline. 
These  solubilities  were  inserted  into  the  ideal  solubility  equation 
to  obtain  a  constant  by  which  solubilities  determined  near  25  °  C. 
may  be  corrected  to  give  the  solubility  at  25 0  C. 

In  using  ideal  solubility  Equation  1,  weights  Wi  and  W2  in 
milligrams  of  picric  acid  per  100  ml.  of  gasoline  have  been  sub¬ 
stituted  for  mole  per  cents  rii  and  n2,  since 


Ri  _  AH(Ti  —  T2) 
n2  ~  2.303E(T1T2) 


(1) 


the  solubilities  are  low.  The  constant,  AH/2.303R,  has  been 
designated  by  S,  giving  the  equation  the  following  form: 


los  rn  =  5 


(T i  -  T2) 
(T:  -  Tt) 


(2) 


After  solving  for  S  in  Equation  2,  using  the  experimental  values 
from  Table  I,  the  fractional  increase  in  solubility  per  degree  at 

V) 

25°  C.,  has  been  calculated  from  Equation  3, 


S 

2982 


(3) 


Since  the  variation  of  solubility  with  temperature  over  a  re¬ 
stricted  range  will  be  practically  linear,  solubilities  determined 
between  20  °  and  30  °  C.  may  be  corrected  to  25  °  C.  by  the  rela¬ 
tion  : 


Solubility  at  25°  C.  =  observed  solubility  |^1  -f  ^  (25  —  t)  J  (4) 
where  t  is  the  observed  temperature  in  degrees  Centigrade. 


Table  I  gives  the  data  obtained  and  the  calculated  values  of 
w/W. 

A  value  of  0.035  for  w/W  is  recommended  for  correcting  solu¬ 
bilities  to  25°  C.,  but  should  not  be  used  for  solubilities  measured 
outside  the  range  of  20  °  to  30  °  C.  For  work  of  high  accuracy  i  t  is 
recommended  that  the  temperature  be  maintained  at  25 0  C.  by 
means  of  a  constant-temperature  bath. 

Determination  of  Shaking  Time.  A  study  was  made  to 
determine  the  minimum  shaking  time  in  which  a  solution  of  picric 
acid  in  gasoline  would  reach  equilibrium.  It  was  found  that  for  a 
fuel  high  in  aromatics,  such  as  Houdry  process  fuel,  the  amount  of 
picric  acid  dissolved  in  the  gasoline  was  almost  at  a  maximum 
after  5  minutes  of  shaking,  being  only  1  to  2%  greater  after  20 
minutes.  For  the  iso-octane  (0%  aromatics),  however,  a  2- 
minute  shaking  period  was  as  adequate  as  5  minutes;  only  a 
slight  increase  in  solubility  was  noted  after  a  longer  shaking 
period.  A  5-minute  period  has  been  selected  as  the  most  satis¬ 
factory. 


Table  I.  Temperature  Coefficient  Data 


Tempera¬ 
ture,  °  C., 


Gasoline 

Ti 

Iso-octane 

23.6 

Benzene  and  iso-octane 
blend 

10%  benzene 

26.6 

25%  benzene 

26.0 

Xylene  and  iso-octane 
blend 

10%  xylene 

26.6 

25%  xylene 

26.2 

Houdry  gasoline 

25.5 

Solu¬ 

bility, 

Mg., 

Hi 

Tempera¬ 
ture,  °  C., 

Ti 

Solu¬ 

bility, 

Mg., 

Wt 

Temperature 
Coefficient, 
Equation  3, 

(>  +  *) 

10.9 

1.4 

4.7 

1.035 

59.1 
262  3 

0.5 

0.7 

22.0 

119.3 

1.036 

1.029 

74.2 

334.6 

0.5 

0.5 

29.2 

167.4 

1.034 

1.025 

167.1 

0.5 

43.8 

1.051 

Effect  of  Purity  of  Picric  Acid  on  Its  Solubility.  Vari¬ 
ous  stocks  of  picric  acid  were  found  to  differ  in  solubility  in  the- 
same  gasoline.  Recrystallization  increased  'the  solubility  of 
impure  samples,  but  did  not  change  that  of  the  reagent  grade- 
material.  The  solubility  of  the  picric  acid  is  thus  a  function  of  its 
purity. 

As  shown  in  Table  II,  drying  the  acid  has  no  significant  effect 
on  the  determination. 

Solubility  of  Picric  Acid  in  Blends  of  Aromatics.  Blends 
of  aromatics  with  iso-octane  were  prepared  and  the  solubility  of 
picric  acid  in  these  blends  was  determined  by  the  method  de¬ 
scribed  above.  The  results  of  these  determinations  are  given  in 
Table  III,  and  are  plotted  in  Figures  1  and  2.  All  compositions 
given  in  this  paper  are  reported  on  a  volume  per  cent  basis. 


Table  II.  Effect  of  Drying  Picric  Acid  on  Its  Solubility  in 
Hydrocarbon  Blends 

Solubility  of  Picric  Acid 

Undried  Dried 

Blend  Mg./lOO  ml. 

A  63.2  63.5 

61.4  62.1 

B  297.1  299.2 

301.4  298.9 

•  301.5  298.2 

Table  III.  Determination  of  Aromatics  in  Blends 

Aromatic  Blends  with 

Solubility  of  Picric 

Iso-octane 

Acid,  25°  C. 

% 

Mg./100  ml. 

Aromatics  0 

11.0 

Benzene  5 

• 

26.9 

10 

55.8 

20 

163.0 

25 

253.1 

Toluene  3 

23.1 

10 

69.3 

20 

198.8  » 

Xylene  (commercial)  3 

24.0 

10 

70.2 

20 

206.5 

25 

320.5 

1:1:1  mixa  2 

17.3 

5 

31.5 

10 

64.0 

15 

115.4 

25 

286.2 

1:3:2  mix0  2 

18.5 

5 

32.8 

10 

67.3 

15 

119.8 

25 

297.8 

°  A  mixture  of  benzene,  toluene, 

and  commercial  xylene  in  given  propor-- 

tions. 
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able  IV.  Solubility  of  Picric  Acid  in  10%  Blends  of  Aromatics  in 


Iso-octane 

Solubility  of 

Aromatics 

B.P. 

Aromatic  Compound 

Picric  Acid 

(1:3:2  Curve) 

(Theoretical) 

Mg./ 100  ml. 

% 

0  C. 

'ossible  aviation 

gasoline  constituents 

Benzene 

56 

8.7 

80.1 

Toluene 

69 

10.4 

110.8 

Xylene  (commercial) 

70 

10.5 

o-Xylene 

82 

11.8 

144 

m-Xylene 

81 

11.7 

138.8 

m,v- Xylene  (mixture) 

78 

11.3 

Ethylbenzene 

48 

7.6 

136.2 

Cumene 

36 

5.7 

153 

mprobable  aviation 

gasoline  constituents 

Mesitylene 

99 

13.4 

164.8 

Diethylbenzene 

41 

6.5 

182 

Triethylbenzene 

41 

6.5 

218 

»n-Diisopropylbenzene 

22 

3.0 

204 

p-Cymene 

29 

4.4 

176 

n-Butylbenzene 

33 

5.1 

180 

aec-Butylbenzene 

26 

3.9 

174 

ter£-Butylbenzene 

27 

4.1 

169 

aec-Amylbenzene 

20 

2.6 

189 

tert-Amylbenzene 

24 

3.5 

190 

A  plot  of  the  values  obtained  by  Dobryanskil  and  Tikhonov- 
lubrovskil  is  included  in  Figure  2  for  the  sake  of  comparison, 
t  is  believed  that  the  differences  in  intercept  and  in  slope  be- 
ween  their  curve  and  the  authors’  are  due  to  (1)  the  presence  of 
lefins  or  naphthenes  in  their  base  stock,  (2)  the  presence  in  their 
ylene  of  some  impurity,  such  as  ethylbenzene,  in  which  picric 
cid  is  less  soluble,  and  (3)  the  fact  that  their  determinations  were 
lade  at  temperatures  some  10°  lower  than  the  authors’. 

Besides  the  three  aromatics  for  which  solubility  values  are  re- 
iorted  in  Table  III,  a  number  of  other  aromatics  were  tested  in 
0%  blends  with  iso-octane.  These  results  are  given  in  Table  IV. 

Effect  of  Olefins  and  Naphthenes.  Blends  of  iso-octane 
?ere  prepared  with  cyclohexane  and  its  methyl  and  o-dimethyl 
erivatives  and  with  amylene,  diamylene,  diisobutylene,  and  cy- 
lohexane.  Various  aromatics  were  added  to  these  blends, 
nd  the  solubility  of  picric  acid  in  the  mixture  was  determined, 
i'he  apparent  content  of  the  aromatic  compound  or  mixture  used 
ms  then  calculated  from  the  curve  given  by  that  aromatic  in 
fixture  with  only  iso-octane.  The  results  of  these  tests,  given 
a  Table  V,  show  that  both  naphthenes  and  olefins  cause  a  small 
acrease  in  the  apparent  aromatic  content,  the  effect  of  the  olefins 
>eing  greater.  The  error  in  terms  of  per  cent  aromatics  is 
pproximately  +1.4%  for  each  10%  of  olefins  and  not  more  than 
|-0.6%  for  each  10%  naphthenes. 


Table  V.  Effect  of  Olefins  and  Naphthenes  on  Solubility  of  Picric 
Acid  in  Gasoline 


A.  Naphthenes  present 

10%  benzene,  9%  methylcyclohexane,  81%  iso¬ 
octane 

10%  toluene,  9%  methylcyclohexane,  81%  iso¬ 
octane 

10%  xylene,  9%  methylcyclohexane,  81%  iso¬ 
octane 

10%  1:1:1°,  9%  methylcyclohexane,  81%  iso¬ 
octane 

10%  1:3:2°,  9%  methylcyclohexane,  81%  iso¬ 
octane 

10%benzene,  45%  methylcyclohexane,  45%  iso¬ 
octane 

10%  toluene,  45%  methylcyclohexane,  45%  iso¬ 
octane 

10%  xylene,  45%  methylcyclohexane,  45%  iso¬ 
octane 

10%  1:1:1°,  45%  methylcyclohexane,  45%  iso¬ 
octane 

0%  aromatics,  50%  methylcyclohexane,  50% 
iso-octane 

0%  aromatics,  25%  cyclohexane 
0%  aromatics,  25%  o-dimethylcyclohexane 

B.  Olefins  present 

10%  1:1:1°,  10%  amylene,  80%  iso-octane 
10%  1:1:1°,  25%  amylene,  65%  iso-octane 
10%  1:1:1°,  10%  diamylene,  80%  iso-octane 
10%  1:1:1°,  25%  diamylene,  65%  iso-octane 
10%  1:3:2°,  10%  amylene,  80%  iso-octane 
10%  1:3:2°,  25%  amylene,  65%  iso-octane 
10%  1:3:2°,  10%  diamylene,  80%  iso-octane 
10%  1:3:2°,  25%  diamylene,  65%  iso-octane 
0%  aromatics,  10%  cyclohexene 
0%  aromatics,  25%  cyclohexene 

C.  Naphthenes  and  olefins  present 

10%  1:1:1°,  25%  methylcyclohexane,  10%  di¬ 
amylene,  55%  iso-octane 
10%  1:3:2°,  25%  methylcyclohexane,  10%  di¬ 
amylene,  55%  iso-octane 


Solubility 
of  Picric 
Acid 

Mg./ 100  ml. 

Aromatio* 
Calculated 
from  Picric 
Acid 

Solubility 

% 

59.1 

10.4 

73.3 

10.5 

77.7 

10.6 

69.7 

10.5 

71.7 

10.5 

85.8 

13.8 

98.8 

13.0 

106.4 

13.4 

94.5 

13.2 

23.1 

3.0 

11.3 

12.6 

0 

0.3 

76.0 

11.4 

100.8 

13.7 

77.7 

11.5 

97.1 

13.4 

82.9 

11.8 

102.3 

13.6 

79.3 

11.4 

98.7 

13.3 

13.5 

0.6 

22.2 

2.9 

94. 

.8 

13.2 

99. 

.0 

13.3 

“  A  mixture  of  benzene,  toluene,  and  commercial  xylene  in  given  propor¬ 
tions. 


Solubility  of  Picric  Acid  in  Pure  Aromatics.  The  results 
of  measurements  of  the  solubility  of  picric  acid  in  undiluted  aro¬ 
matics,  not  especially  purified,  are  given  in  Table  VI. 

Analysis  of  Aviation  Gasolines.  Since  the  different  aro¬ 
matic  compounds  give  slightly  different  solubility  curves,  it  is 
necessary  in  applying  the  picric  acid  method  to  gasoline  to  make 
some  assumption  regarding  the  composition  of  the  aromatics  in 
the  gasoline.  The  authors  have  assumed  that  a  1  to  3  to  2  mix¬ 
ture  of  benzene,  toluene,  and  xylene  gives  a  good  average  repre¬ 
sentation  of  the  aromatics  in  most  aviation  gasoline,  and  have 


Table  VI.  Solubility  of  Picric  Acid  in  Undiluted  Aromatics 


Aromatic 

Solubility  of  Picric  Acid 

Tempera 

G./100  ml.  aromatic 

°  C. 

Benzene 

7.550 

22.4 

Toluene 

8.950 

22.3 

Xylene  (commercial) 

9.810 

22.8 

Table  VII.  Determination  of  Aromatics  in  Aviation  Gasoline 


Per  Cent  Aromatics 


Picric  acid 

Ultraviolet 

Gasoline 

method 

absorption  (1) 

Sulfonation  (3) 

A 

0 

0.2 

B 

0 

<  1 

C 

25.0 

24 

D 

10.6 

11 

E 

0 

<  1 

F 

20.6“ 

21.0 

21“ 

G 

25.2“ 

23.4 

24  / 

H 

0.8 

1.5 

2 

°  Corrected  for  olefin  content. 
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used  the  curves  for  this  mixture  as  a  standard  in  determining  the 
aromatic  content  of  a  number  of  typical  fuels.  Table  VII  com¬ 
pares  results  with  those  obtained  on  the  same  gasolines  by  other 
workers  using  ultraviolet  absorption  and  acid  absorption  methods. 
Agreement  between  the  different  methods  is  seen  to  be  satis¬ 
factory. 

DISCUSSION 

The  chief  error  in  the  picric  acid  method  lies  not  in  the  re¬ 
producibility  of  the  determinations,  which  is  about  ±0.2%,  but 
in  the  difference  of  solubility  of  the  acid  in  the  various  individual 
aromatic  compounds.  The  solubilities  in  benzene,  toluene,  and 
xylene  are  sufficiently  similar  so  that  no  great  error  is  committed 
by  assuming  them  to  be  present  in  the  ratio  of  1  to  3  to  2,  and  in 


the  gasolines  examined  the  results  appear  to  be  accurate  to  better 
than  1%.  To  obtain  more  accurate  results  for  the  low-boiling 
constituents,  it  is  only  necessary  to  fractionate  the  gasoline  and 
determine  the  benzene  and  toluene  contents  separately  on  the 
appropriate  fractions.  However,  for  the  higher-boiling  com¬ 
pounds,  such  as  ethylbenzene  and  cumene,  the  solubility  is  low, 
and  in  so  far  as  these  compounds  are  present  the  aromatic  content 
of  the  gasoline  will  be  underestimated. 
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Determination  of  Olefinic  Unsaturation 

Nitrogen  Tetroxide  Method  as  Applied  to  Petroleum 
Hydrocarbons  in  the  Gasoline  Boil  ing  Range 

G.  R.  BOND,  JR.,  Houdry  Process  Corporation  of  Pennsylvania,  Marcus  Hook,  Pa. 


A  radically  new  method  has  been  developed  for  determining  the 
olefinic  unsaturation  of  petroleum  hydrocarbons  lying  in  the  gasoline 
boiling  range.  It  is  based  on  the  reaction  of  nitrogen  tetroxide  with 
olefinic  materials  to  convert  them  into  oily  addition  products,  or 
nitrosates.  Separation  of  the  unreacted  material,  including  paraf- 
,  fins,  naphthenes,  and  aromatics,  may  be  effected  by  steam-distilla¬ 
tion  or  by  reaction  and  solution  of  the  nitrosates  in  alcoholic  potas¬ 
sium  hydroxide  and  potassium  sulfide.  The  change  in  volume  of  the 
sample  gives  a  measure  of  the  olefinic  unsaturation. 


THE  determination  of  olefinic  unsaturation  in  hydrocarbons 
has  long  been  a  controversial  subject  in  the  petroleum  indus¬ 
try.  Calculations  based  on  the  bromine  number  or  iodine  number 
have  been  accepted  generally  as  the  only  feasible  means  of  de¬ 
termining  such  unsaturation.  That  such  methods  are  not  entirely 
satisfactory  is  generally  realized,  as  evidenced  by  the  large  num¬ 
ber  of  bromine  or  iodine  number  procedures  which  have  been 
proposed;  almost  every  major  oil  company  has  its  own  modifica¬ 
tion  which  may  give  results  differing  appreciably  from  those  of 
another  company.  The  nature  of  the  solvent  used,  temperature, 
time  of  contact,  excess  of  halogen  present,  and  many  other  fac¬ 
tors  affect  the  results  which  are  obtained.  The  nature  of  the 
unsaturate  itself  also  is  an  important  factor.  In  conjugated 
diolefins,  halogenation  of  both  double  bonds  is  usually  incom¬ 
plete  and  this  same  uncertainty  applies  to  aromatics  with  an 
olefinic  side  chain.  Extensive  substitution,  rather  than  simple 
addition  of  halogen,  also  may  occur. 

The  difficulty  of  translating  the  bromine  or  iodine  number  into 
per  cent  olefinic  unsaturation  likewise  is  an  important  factor, 
due  to  lack  of  knowledge,  in  general,  of  the  average  molecular 
weight  of  the  olefins  involved  or  their  distribution  throughout  the 
sample.  In  the  case  of  whole  gasoline  samples,  particularly  those 
which  are  thermally  cracked  and  may  contain  a  mixture  of  olefins 
and  diolefins  as  well  as  aromatics  or  even  acetylenes,  the  problem 
becomes  most  acute. 

A  method  that  will  give  a  direct  volumetric  measure  of  the  ole¬ 
finic  unsaturation  of  the  hydrocarbon  sample,  regardless  of  the 
type  of  olefin  present,  and  is  without  effect  on  paraffins,  naph¬ 
thenes,  or  aromatics,  would  present  an  almost  ideal  solution  to 
this  problem.  Such  a  method  has  been  developed  at  this  labora¬ 


tory  and  has  given  most  promising  results  on  a  wide  variety  of  the 
most  difficult  and  complex  types  of  samples,  both  synthetic  and 
natural.  It  also  has  the  additional  advantage  that  it  can  be  used 
on  dark-colored  samples. 


DESCRIPTION  OF  METHOD 


The  author  has  recently  noted  that  nitrogen  tetroxide  will  re¬ 
act  rapidly  and  completely  with  all  commonly  available  olefinic 
materials  in  the  temperature  range  104°  to  410°  F.,  converting 
them  into  heavy,  oily  addition  products,  the  majority  of  which  are 
of  very  low  volatility,  and  from  which  any  unreacted  components 
of  the  mixture  can  be  removed  readily  by  a  simple  steam-distilla¬ 
tion.  The  possibility  of  using  nitrogen  tetroxide  as  an  analytical 
tool  for  resolving  complex  olefinic-aromatic  mixtures  at  once  be¬ 
came  apparent  and  an  extended  investigation  was  undertaken. 

Two  methods  finally  resulted  from  this  investigation,  the  dis¬ 
tillation  method  mentioned  in  the  preceding  paragraph  and  a 
rapid  method  based  on  the  discovery  that  the  olefin  nitrosates  will 
react  with  alcoholic  potassium  hydroxide  and  potassium  sulfide  to 
form  products  soluble  in  50%  alcohol.  It  thus  becomes  possible 
to  measure  the  volume  of  the  paraffins,  naphthenes,  and  aromatics, 
which  are  unaffected  by  the  reagents  used  in  the  test,  the  decrease 
in  volume  from  that  of  the  original  sample  giving  a  measure  of  the 
olefin  content.  t 

Relative’ y  little  information  is  given  in  the  literature  regarding 
the  nature  the  products  formed  by  interaction  of  nitrogen  te¬ 
troxide  and  olefins.  According  to  Sidgwick  (4),  such  reaction 
products  are  known  as  nitrosates  or  “Dinitriire”,  possessing  the 


CH— C< 


>C— C< 


structure  |  |  or  |  |  ,  respectively.  They 

NO  0.N0j2  N02N02 

thus  result  from  direct  addition  of  nitrogen  tetroxide  to  the  ole¬ 
finic  double  bond.  There  is  some  question  as  to  the  bimolecular 
structure  of  the  nitrosates  and  Riebsomer  (3)  presents  conflicting 
opinions  of  various  research  workers.  The  nature  of  the  solvent 
appears  to  play  an  important  role  as  to  which  product  is  formed. 
However,  the  exact  structure  of  these  compounds  is  of  minor  im¬ 
portance  for  the  purpose  of  this  investigation,  and  they  are  re¬ 
ferred  to  here  merely  as  “nitrosates”.  The  nitrosates  may  be 
hydrolyzdd  to  nitro-alcohols  or  rearranged  to  nitro-oximes  during 
steam-distillation. 
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APPARATUS 

A  200-  to  250-ml.  treating- 
distillation  flask  with  a  spray 
trap  on  the  outlet  and  a  steam 
inlet  tube,  as  illustrated  in 
Figure  1.  Ground-glass  con¬ 
nections  are  recommended. 

Product  receiver  assembly, 
consisting  of  a  curved  glass 
adapter  (Figure  2)  with  an  ex¬ 
tension  of  4-mm.  glass  tubing 
which  will  nearly  reach  the 
bottom  of  the  150-  to  250-ml. 
separatory  funnel  used  as  a 
receiver.  A  short  length  of 
2-mm.  capillary  glass  tubing 
is  sealed  in  the  upper  wall  of 
the  large  end  of  the  adapter 
as  an  air  inlet.  The  purpose 
of  this  adapter  is  to  cause  the  drops  of  distilled  oil  to  issue  below 
the  surface  of  the  water  in  the  separatory  funnel,  thus  making 
evident  the  point  at  which  these  drops  of  oil  become  heavier  than 
water.  This  receiver  assembly  is  not  designed  for  very  volatile 
samples,  which  may  require  a  more  adequate  condensing  system. 

Reaction  Bottle.  A  modified  Babcock  bottle  ( 1 ). 

REAGENTS 

Sulfamic  Acid  Solution.  Dissolve  20  grams  of  sulfamic  acid 
(H2NSO2.OH)  in  water  and  dilute  to  200  ml.  (a  25%  solution  of 
urea  may  be  used  instead,  if  desired). 

Alcoholic  Potassium  Hydroxide  Solution,  10%.  Dissolve  20 
grams  of  potassium  hydroxide  in  methanol  and  dilute  with  meth¬ 
anol  to  200  ml. 

Alcoholic  Potassium  Sulfide  Solution.  Dissolve  50  grams  of  po¬ 
tassium  hydroxide  in  about  130  ml.  of  methanol,  cool,  and  dilute 
to  160  to  175  ml.  Pass  hydrogen  sulfide  into  this  solution  until 
the  weight  has  increased  15.0  grams  (about  18  ml.  increase  in 
volume),  cool,  and  dilute  to  200  ml.  with  methanol. 

Nitrogen  Tetroxide  (obtainable  in  10-lb.  cylinders  from  Du 
Pont  Co.). 

Alkaline  Sodium  Sulfide  Solution.  Dissolve  100  grams  of  sodium 
hydroxide  and  150  grams  of  sodium  sulfide  crystals  in  800  ml.  of 
water,  cool,  and  add  200  ml.  of  acetone. 

Alcoholic  Potassium  Hydroxide  Solution,  25%.  Dissolve  50 
grams  of  potassium  hydroxide  in  methanol  and  dilute  with  meth¬ 
anol  to  200  ml. 

Dilute  alcoholic  sodium  hydroxide  solution.  Dissolve  40  grams 
of  sodium  hydroxide  in  water,  dilute  to  100  ml.  with  water,  and 
add  100  ml.  of  methanol. 

Note.  Methanol  is  used  in  preparing  these  reagents  in  pref¬ 
erence  to  ethanol,  as  solutions  prepared  with  the  latter  soon  turn 
d.£Li'k  red 

DEVELOPMENT  OF  THE  METHOD 

To  be  of  value  for  determining  the  olefin  content  of  a  gasoline 
sample,  it  must  be  shown  that  nitrogen  tetroxide  is  without  effect 
on  the  other  components  of  the  sample.  Accordingly,  a  series  of 
known  mixtures  was  prepared,  containing  various  paraffins, 
naphthenes,  olefins,  diolefins,  acetylenes,  aromatics,  etc.,  in  the 
boiling  range  of  gasoline  or  approximately  104°  to  410°  F.  Most 
of  the  materials  used  were  of  a  commercial  grade  without  any 
attempt  at  purification  (Table  I). 


Tabic  I.  Test  Components 


Mixed  heptanes 

Phillips  Petroleum  commercial  grade  (2% 
soluble  in  concentrated  H2SO4) 

Cyclopentane 

Phillips  Petroleum  technical 

Methylcyclohexane 

Dow  Chemical  Co.  technical 

Cyclohexene 

Dow  Chemical  Co.  technical 

Pure  n-heptane 

Westvaco  (Bureau  of  Standards  certificate) 

2-Methylpentadiene 

Commercial  Solvents  Corp. 

Diisobutylene 

Eastman  Kodak  Co.  practical 

Dicyclopentadiene 

Koppers  Co. 

a-Methylstyrene  4-  cumene 

Crude  mixture 

Dipentene 

Hercules  Powder  Co.  (commercial) 

p-Cymene 

Claflin  Co. 

Mesitylene 

Eastman  Kodak  Co. 

Xylene 

General  Chemical  Co.  reagent 

Iso-octane 

Knock  test  standard 

Cio  aromatics 

Isolated  from  Houdry  gasoline 

Phenylacetylene 

Eastman  Kodak  Co. 

Phenol 

Reagent  grade 

Barrett  Co.  “pure” 

Benzene 

2-Methylpentane 

140°  F.  cut,  acid-treated  gasoline 

This  first  series  of  blends  was  analyzed  by  a  rather  crude  pro¬ 
cedure  which  subsequently  was  improved  to  reduce  handling 
losses.  The  chilled  sample  was  saturated  with  gaseous  nitrogen 
tetroxide,  washed  with  water  to  remove  any  excess  nitrogen  te¬ 
troxide,  transferred  to  a  flask,  and  steam-distilled  into  a  chilled 
receiver  until  the  portions  of  oil  coming  over  were  heavier  than 
water.  After  removal  of  the  water  layer,  the  distilled  oil  was  ex¬ 
tracted  with  10%  sodium  hydroxide  solution  to  remove  any  ni- 
trosate  reaction  product  carried  over  and  the  volume  of  the 
unreacted  hydrocarbon  was  then  measured,  applying  a  correction 
factor  for  handling  losses.  The  decrease  in  volume  represented  the 
olefinic  unsaturation  of  the  sample.  Any  aromatics  in  the  treated 
hydrocarbon  could  readily  be  determined  by  the  usual  sulfuric 
acid  treating  procedure  and  corrected  to  the  basis  of  the  original 
sample. 

In  Table  II  are  shown  the 
various  blends  analyzed  by 
the  original  nitrogen  tetroxide 
method.  As  the  commercial 
mixed  heptanes  used  in  pre¬ 
paring  most  of  these  blends 
contained  1.8%  of  material 
reacting  with  nitrogen  tetrox¬ 
ide,  values  on  such  blends 
were  corrected  on  the  basis  of 
the  amount  of  this  heptane 
used.  The  bromine  numbers 
of  most  of  the  blends  were  de¬ 
termined  and  calculated  as 
mono-olefin.  The  “total  ole¬ 
fin”  value  is  based  on  the 
volume  per  cent  of  added  ole¬ 
fin,  regardless  of  its  actual 
purity.  In  the  case  of  dipen- 
tene,  results  indicated  the  di- 
pentene  to  have  a  purity  of 
88%,  and  the  figure  on  the  a-methylstyrene  blend  was  based  on 
the  result  of  a  polymerization  test. 

Considering  the  lack  of  refinements  in  this  original  distillation 
procedure,  surprisingly  good  agreement  was  shown  between  the 
amounts  of  olefin  assumed  to  be  present  and  those  determined, 
most  of  the  discrepancies  probably  being  due  to  impurities  in  the 
added  material.  Where  diolefins  were  present,  the  results  ob¬ 
tained  were  definitely  superior  to  those  calculated  from  the 
bromine  number.  It  is  evident  that  nitrogen  tetroxide  is  without 
appreciable  action  on  paraffins,  naphthenes,  and  aromatics  boil¬ 
ing  in  the  range  120°  to  410°  F.  As  phenol  reacts  with  nitrogen 
tetroxide,  phenolic  constituents,  if  present  in  appreciable  amounts 
in  a  sample,  should  be  removed  prior  to  the  analysis  by  a  caustic 
wash.  The  majority  of  such  phenols  as  occur  in  gasoline  are  sol¬ 
uble  in  aqueou-  caustic  solution. 

PROCEDURE 

Method  A.  This  method  is  intended  for  the  volumetric  de¬ 
termination  of  the  total  olefinic  unsaturation  of  hydrocarbons 
boiling  between  120°  and  410°  F. 

Immerse  the  clean,  dry,  treating  flask  (Figure  1)  in  an  ice  bath 
extending  well  up  around  the  neck  of  the  flask.  Record  the  tem¬ 
perature  of  the  sample  and  pipet  50  ml.  into  the  flask.  Place  the 
bath  and  flask  under  the  hood.  Place  a  suitable  thermometer 
covering  the  range  30°  to  120°  F.  in  the  sample  and  introduce  ni¬ 
trogen  tetroxide  gas  well  below  the  surface  of  the  sample  through 
a  glass  tube  drawn  out  to  a  long  slender  1-mm.  capillary,  con¬ 
trolling  the  flow  of  gas  to  maintain  the  temperature  of  the  sample 
at  80  °  to  100  °  F.  (Saran  or  a  short  length  of  Tygon  tubing  has 
been  found  satisfactory  for  connecting  the  glass  delivery  tube  to 
copper  tubing  from  the  cylinder  of  nitrogen  tetroxide.  Rubber 
should  not.be  used.  The  cylinder  should  be  maintained  at  a 
temperature  above  71°  F.  to  facilitate  vaporization  of  the  nitro¬ 
gen  tetroxide.)  Completion  of  reaction  is  indicated  by  a  definite 
drop  in  sample  temperature  to  about  70°  F.,  even  though  the 
How  of  gas  is  increased,  and  by  marked  formation  of  brown  fumes 


Figure  2.  Adapter 
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Table  II.  Analysis  of  Known  Mixtures  by  Original  Nitrogen  Tetroxide  Method 


Test 

Blend 

% 

of  Blend 

1 

Commercial  heptane 

100 

0.6 

2 

Heptane 

66.7 

0.3 

Cyclopentane 

33.3 

3 

Heptane 

66.7 

Methylcyclohexane 

33.3 

4 

Heptane 

86.7 

27.2 

Cyclohexene 

13.3 

5 

Pure  n-heptane 

100 

0 

6 

Isohexane 

100 

0 

7 

Heptane 

86.7 

29.3 

2-Methylpentadiene 

13.3 

8 

Heptane 

66.7 

47.4 

Diisobutylene 

33.3 

9 

Heptane 

86.7 

33.2 

Dicyclopentadiene 

13.3 

10 

Heptane 

66.7 

38.1 

a-Methylstyrene 

23.7  ±0.3 

Cumene 

9.6  ±0.3 

11 

Heptane 

66.7 

65.4 

Dipentene 

33.3 

12 

Heptane 

66.7 

0.4 

p-Cymene 

33.3 

13 

Heptane 

86.7 

Mesitylene 

13.3 

14 

Heptane 

50 

92.2 

Cyclohexene 

25 

Diisobutylene 

25 

15 

Heptane 

50 

60.4 

Cyclohexene 

20 

2-Methylpentadiene 

10 

Xylene 

20 

16 

Heptane 

75 

Cio  aromatics 

25 

(330°-380°  F.) 

17 

Iso-octane 

100 

.... 

18 

Iso-octane 

96 

Phenylacetylene 

4 

19 

Heptane 

86.7 

Benzene 

8.0 

Phenol 

5.3 

Total  Added 
Olefin,  % 

0 

0 


%  Olefin  Content 
from  Volume 
Decrease 


1.8 


0 . 6(correctedfor 
heptane  value) 


0.4  (corrected) 


14.0 


13.3 


13.2  (corrected) 


15.4  (equivalent  to 
1 . 14  double  bonds) 


0 

0 

13.3 


0.0 

1.2 

13.6  (corrected) 


33.2 

27.4 


33.3 

13.3 


33 . 4  (corrected) 
13.6  (corrected) 


28.1  (equivalent  to 
1 . 17  double  bonds) 


23.7  ±0.3  24 . 6  (corrected) 


49.5  (equivalent  to 
1 . 5  double  bonds) 


33.3  (?) 


29.2  (corrected) 


48.2  (94  Mol.  wt.) 


0.0 

0.0 

50 


0.2  (corrected) 
0.0  (corrected) 
48.7  (corrected) 


31 


30 


29 . 7  (corrected) 


0.0 


0.0  (corrected) 


.  with  several  small  portions  of 
water,  thus  bringing  the  hydro¬ 
carbon  layer  well  within  the 
graduations  of  the  buret.  Im¬ 
merse  the  buret  for  5  minutes 
in  a  suitable  water  bath  (such 
as  a  section  of  50-mm.  glass 
tubing  closed  at  one  end  and 
filled  with  water)  maintained 
within  2°  F.  of  the  tempera¬ 
ture  at  which  the  test  sample 
was  measured.  Read  the 
,  volume  of  hydrocarbon  to  the 
nearest  0.1  ml.  and  record  as 
volume  of  unreacted  material. 
If  desired,  this  material  may  be 
used,  after  drying,  for  deter¬ 
mination  of  density,  refractive 
index,  or  acid  absorption  to 
ascertain  the  content  of 
aromatics. 

As  a  check  on  the  complete¬ 
ness  of  olefin  removal,  it  may 
be  advisable  to  make  a  dupli¬ 
cate  determination.  React  the 
residue  in  the  distillation  flask 
with  an  equal  volume  of  alka¬ 
line  sodium  sulfide  solution  and 
discard.  To  determine  the  dis¬ 
tillation  and  handling  loss,  re¬ 
peat  the  procedure  given  above 
on  another  50-ml.  portion  of 
the  original  sample,  omitting 
the  treatment  with  nitrogen 
tetroxide. 

Calculation.  Calculate 
the  percentage  of  olefinic  un¬ 
saturation  by  means  of  the 
following  equation: 


4.0 


1.0 

4.6  (uncor¬ 
rected) 

6.2 


v-m^cixioo 


where 


U 

V 


above  the  surface  of  the  sample.  (Samples  of  low  olefin  content 
may  produce  only  a  slight  rise  in  temperature.)  Remove  the 
thermometer  and  delivery  tube,  flushing  each  with  small  portions 
of  water  to  prevent  loss  of  sample. 

Add  sulfamic  acid  (or  urea)  solution  slowly  to  the  chilled  sam¬ 
ple,  with  continuous  agitation,,  until  the  brown  fumes  disappear, 
taking  care  to  avoid  loss  due  to  foaming.  The  sample  usually  as¬ 
sumes  a  green  or  blue  color  at  this  point.  Connect  the  flask  to 
an  efficient  condenser  and  the  receiver  assembly  and  insert  the 
steam  inlet  tube.  Put  10  to  20  ml.  of  water  in  the  receiver  to 
cover  the  end  of  the  adapter  extension  and  surround  the  assembly 
with  an  ice  bath.  Immerse  the  distillation  flask  in  a  beaker  of 
hot  water  and  place  a  heater  under  the  beaker  to  bring  the  water 
to  boiling,  then  introduce  steam  into  the  sample,  slowly  at  first, 
and  adjust  the  rate  as  distillation  proceeds.  The  side  tube  on  the 
adapter  should  be  closed  off  at  the  start  to  prevent  loss  of  vapors 
and  then  opened  if  the  water  in  the  receiver  starts  to  suck  back. 
Continue  distillation  until  the  distillate  becomes  heavier  than 
water  and  sinks  to  the  bottom.  (Occasionally  a  sample  is  en¬ 
countered,  such  as  triisobutylene  or  some  polymer  gasolines, 
where  the  nitrosate  distillate  is  partly  lighter  than  water.  In  this 
case,  distillation  is  stopped  when  the  ratio  of  oil  to  water  in  fresh 
portions  of  the  distillate  decreases  to  about  1  to  4.) 

Remove  the  receiver  and  carefully  draw  off  any  heavy  nitrosate 
and  the  water.  Add  10  ml.  of  the  10%  alcoholic  potassium  hy¬ 
droxide  to  the  remaining  hydrocarbon,  stopper  the  funnel,  and 
shake  vigorously  a  few  moments.  Add  25  ml.  of  water,  again 
shake  vigorously,  and  allow  to  settle,  keeping  the  funnel  cold. 
Draw  off  the  aqueous  layer  carefully,  add  15  ml.  of  the  alcoholic 
potassium  sulfide  to  the  hydrocarbon,  and  shake  vigorously  for  4 
minutes.  Add  50  ml.  of  water,  shake,  and  allow  to  settle  as  be¬ 
fore.  Draw  off  the  aqueous  layer.  Wash  the  hydrocarbon  once 
more  with  50  ml.  of  water.  Drain  the  hydrocarbon  layer  into  a 
50-ml.  buret  which  has  been  cleaned  with  chromic-sulfuric  acid 
mixture  and  well  rinsed  with  water.  Rinse  the  separatory  funnel 


C  =  loss  correction,  ml. 


per  cent  olefins  by 
volume 

volume  of  unre- 
acted  hydrocar¬ 
bon,  ml. 


When  analyzing  samples  of  polymer  gasoline,  tri-  or  tetra- 
isobutylene,  after  saturation  with  nitrogen  tetroxide  tne  mixture 
should  be  allowed  to  stand  for  about  5  minutes  before  destroying 
the  excess  nitrogen  tetroxide,  since  the  reaction  is  slower  than  in 
the  case  of  most  olefins. 


Method  B.  This  method  is  intended  for  the  determination  of 
the  total  olefinic  unsaturation  of  hydrocarbons  boiling  between 
104  and  410°  F.  It  is  directly  applicable  to  samples  containing 
not  more  than  50%  by  volume  of  olefin,  and  is  applicable-  to 
samples  containing  over  50%  by  volume  of  olefin,  providing  they 
have  been  diluted  with  a  suitable  measured  amount  of  nonolefinic 
hydrocarbon  and  the  determination  is  made  on  the  diluted  sam¬ 
ple. 


Immerse  the  clean  dry  Babcock  reaction  bottle  in  an  ice-water 
bath  to  about  the  60%  mark,  record  the  temperature  of  the  sam¬ 
ple,  and  pipet  10.00  ml.  into  the  bottle.  Place  the  bath  and 
bottle  under  the  hood  near  the  nitrogen  tetroxide  cylinder. 
Place  the  thermometer  and  capillary  end  of  the  nitrogen  tetrox¬ 
ide  delivery  tube  in  the  sample  and  introduce  a  stream  of  the  gas 
at  such  rate  that  the  temperature  of  the  sample  is  held  between 
80°  and  100°  F.  Completion  of  the  reaction  is  indicated  by  a 
definite  drop  in  sample  temperature  to  about  70°  F.,  even  though 
the  flow  of  gas  is  increased,  and  by  the  marked  appearance  of 
brown  fumes  above  the  surface  of  the  sample.  (Samples  of  low 
olefin  content  may  produce  only  a  slight  rise  in  temperature.) 
Stop  the  flow  of  gas  and  remove  the  delivery  tube,  touching  it  to 
the  inside  of  the  neck  of  the  bottle  to  drain  off  any  sample. 

Raise  the  thermometer  and  flush  with  1  ml.  of  the  dilute  alco¬ 
holic  sodium  hydroxide  solution  before  withdrawing,  to  prevent 
loss  of  sample. 
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fin  content  calculated  from  the 


Table  III.  Comparison  of  Analytical  Methods  on  Samples  Containing  Diolefins 

Usual  Method  _  Nitrogen  Tetroxide  Method 


Olefins  by 
bromine 
no. 

Aromatics 
by  specific 
dispersion 

Sum 

ut  4  (150-205) 

52 

0 

Sample 

52 

ut  5  (205-250) 

46 

11 

57 

ut  6  (250-302) 

40 

•  23 

63 

ut  7  (302-347) 

28 

39 

67 

ut  8  (347-396) 

22 

44 

66 

ut  5 

56 

16 

Sample 

72 

ut  6 

45 

•  37 

82 

ut  7 

25 

56 

81 

ut  8 

19 

60 

79 

Acid 
treat  on 
original 

Olefins  by 
volume 
decrease 

Aromatics 
by  acid 
treat 

Sum 

Acid 
treat  on 
original 

818  AL 

46 

46 

2 

48 

46 

49 

36 

11 

47 

49 

57 

28 

27 

55 

57 

61 

20 

39 

59 

61 

61 

17 

45 

62 

61 

806  AL 

63 

46 

18 

64 

63 

71 

29 

43 

72 

71 

77 

17 

51 

78 

77 

75 

18 

59 

77 

75 

bromine  number  and  the  ap¬ 
parent  aromatic  content  calcu¬ 
lated  from  the  specific  dispersion 
( 2 ) .  A  comparison  of  these 
methods  on  two  such  samples 
appears  in  Table  III. 

It  is  at  once  evident  that  far 
better  agreement  is  found  be¬ 
tween  the  sum  of  aromatics 
plus  olefins  determined  by  the 
nitrogen  tetroxide  procedure 
and  the  total  acid  absorption 
than  by  the  usual  method  of 


Agitate  the  bottle  in  the  ice  bath  with  a  swirling  motion  and 
radually  add  1  ml.  more  of  the  sodium  hydroxide  solution  to 
ecompose  excess  nitrogen  tetroxide.  In  a  similar  manner  gradu- 
Uy  add  8  ml.  of  the  25%  alcoholic  potassium  hydroxide  solution, 
ausing  the  sample  to  turn  dark  brown.  Moisten  the  glass  stopper 
f  the  bottle  with  a  drop  of  the  potassium  hydroxide  solution,  in- 
;rt,  and  shake  the  bottle  vigorously  for  30  seconds.  Release 
ny  gas  pressure  carefully  to  avoid  loss  of  sample.  Gradually  add 
5  ml.  of  the  alcoholic  potassium  sulfide  with  agitation  and  cool- 
lg.  Stopper  the  bottle  and  shake  a  few  moments,  release  any 
as  pressure,  then  continue  vigorous  shaking  for  4  minutes.  Di- 
ite  the  mixture  gradually  with  water  (25  to  27  ml.)  to  bring  the 
nreacted  hydrocarbon  within  the  graduations  on  the  neck  of  the 
ottle,  mix  well,  release  any  gas  pressure,  and  centrifuge  at 
000  r.p.m.  for  2  to  3  minutes. 

Immerse  the  bottle  for  3  minutes  in  a  water  bath  maintained 
'ithin  2°  F.  of  the  temperature  at  which  the  test  sample  was 
leasured.  Read  the  volume  of  the  hydrocarbon  to  the  nearest 
%  (0.1  ml.)  and  record  as  the  volume  per  cent  of  unreacted  sarn¬ 
ie. 

Calculation.  U  =  100  —  V,  where  U  =  per  cent  olefins 
y  volume  and  V  =  per  cent  of  unreacted  sample. 


analysis. 

The  method  has  likewise  shown  its  value  for  the  determination 
of  aromatics  in  polymer  gasoline  or  highly  cracked  naphthas. 
Removal  of  the  olefins  is  readily  effected  by  their  conversion  to 
nitrosates  and  steam-distillation  of  the  unchanged  aromatics, 
paraffins,  and  naphthenes.  The  aromatics  in  the  distillate  may 
be  then  determined  in  any  desired  manner  or  actually  isolated, 
as  by  preferential  adsorption  on  silica  gel  or  by  sulfonation  and 
hydrolysis  of  the  sulfonic  acid. 

The  original  method  was  substantially  improved  by  saturating 
the  sample  with  nitrogen  tetroxide  in  the  distillation  flask  it¬ 
self,  destroying  excess  nitrogen  tetroxide  by  the  addition  of  urea 
or  sulfamic  acid  solution,  steam-distilling,  and  washing  the  distil¬ 
late  with  alcoholic  potassium  hydroxide  and  potassium  sulfide  as 
described  in  Method  A.  Caustic  should  not  be  used  to  destroy 
the  nitrogen  tetroxide,  since  it  may  react  with  the  nitrosates 
during  steam-distillation  to  form  more  volatile  oils,  which  would 
come  over  with  the  unreacted  components  of  the  sample  and  not 
be  removed  by  the  washing  step,  leading  to  low  results  for  the 
olefin  content. 


SAFETY  PRECAUTIONS 

Vapors  of  nitrogen  tetroxide  are  toxic  (concentrations  as  low  as 
00  parts  per  million  may  prove  fatal) ;  so  all  operations  involv- 
lg  its  use  should  be  carried  out  under  an  efficient  hood. 

Nitrogen  tetroxide  may  react  with  certain  organic  compounds 
3  form  products  which  are  violently  explosive.  The  higher-boil- 
lg  hydrocarbons,  including  higher  aromatics,  are  much  more 
iisceptible  to  oxidation  or  nitration  than  are  those  in  the  gasoline 
oiling  range  and  the  nitrosates  of  some  of  the  terpenes  (reaction 
roducts  with  turpentine)  have  been  found  to  decompose  spon- 
meously.  Therefore,  prolonged  contact  of  oils  or  greases  with 
xcess  nitrogen  tetroxide,  which  might  lead  to  nitration  or  perox- 
le  formation,  should  be  avoided.  Graphite  is  recommended  as 

lubricant  on  any  valves  or  pipe  connections  which  may  be  in 
ontact  with  the  gas. 

No  serious  decomposition  of  the  nitrosates  of  olefins  in  the  gaso- 
ne  boiling  range  has  been  observed  at  temperatures  up  to  212  °  F., 
dth  the  exception  of  high  concentrations  of  certain  terpenes, 
lthough  many  of  them  show  very  gradual  evolution  of  fumes  on 
>ng  standing,  even  at  room  temperature.  Most  severe  tests,  in- 
luding  the  use  of  detonators,  have  failed  to  explode  them.  They 
xert  a  pronounced,  although  temporary,  irritating  action  if  per- 
fitted  to  come  in  contact  with  the  mucous  membrane  or  sensitive 
Ion  surfaces. 

It  is  felt  that  petroleum  hydrocarbons  in  the  gasoline  boiling 
inge,  when  handled  as  specified  in  this  method,  present  no  hazard 
nd  this  is  substantiated  by  several  hundred  analyses  in  various 
iboratories.  However,  the  use  of  a  safety  shield  or  at  least  a  face 
lask  is  advised. 

This  method  was  applied  with  marked  success  to  a  number  of 
iboratory  samples  evidently  containing  diolefins,  where  a  marked 
ifference  had  been  found  to  exist  between  the  total  unsaturation 
etermined  by  acid-treating  (I)  and  the  sum  of  the  apparent  ole¬ 


This  analytical  procedure  is  limited  at  present  to  samples  ly¬ 
ing  in  the  gasoline  boiling  range:  (1)  inclusion  of  lower-boiling 
fractions  would  increase  and  make  more  uncertain  the  handling 
losses,  (2)  inclusion  of  material  boiling  above  410°  F.  requires 
the  use  of  excessive  amounts  of  steam  for  distillation  and  lessens 
the  sharpness  of  the  split  between  unreacted  hydrocarbon  and 
nitrosate,  and  (3)  certain  of  the  higher-boiling  aromatics,  such 
as  naphthalene  and  acenaphthene,  may  be  nitrated  or  oxidized  to 
an  appreciable  extent,  leading  to  high  results  for  the  olefin  con¬ 
tent. 

Desiring  to  develop  a  more  rapid  procedure  which  could  be 
used  for  routine  testing  without  involving  the  elaborate  distilla¬ 
tion  setup,  it  was  discovered  that  the  oily  nitrosates  would  react 
with  alcoholic  potassium  sulfide  to  give  compounds  which  were 
soluble  in  50%  alcohol.  The  reaction  could  thus  be  carried  out 
in  a  Babcock-type  bottle,  such  as  is  used  in  determining  the 
acid  absorption  of  gasoline,  the  nitrosate  dissolved  by  the  addi¬ 
tion  of  alcoholic  potassium  sulfide,  and  the  volume  of  unreacted 
sample  read  in  the  neck  of  the  bottle  after  centrifuging.  Handling 
losses  were  thus  reduced  to  a  minimum,  only  10  ml.  (or  5  ml.)  of 
sample  were  required,  and  an  average  single  determination  could 
be  made  in  20  minutes  or  less.  However,  the  accuracy  of  reading 
was  limited  to  1  %  by  virtue  of  the  small  sample  size  and  design 
of  the  bottle,  and  the  maximum  olefin  content  which  could  be 
determined  was  limited  by  the  amount  of  absorbing  reagent 
which  could  be  used. 

Table  IV  gives  a  comparison  of  this  rapid  procedure  with  the 
distillation  procedure  on  several  samples. 

It  was  found  that  blends  with  triisobutylene  and  with  decene-1 
in  acid-treated  naphtha  did  not  give  theoretical  results  by  this 
rapid  procedure;  the  decene-1  gave  rise  to  an  intermediate  dark 
red  oil  layer  and  low  results  were  obtained  with  the  triisobutyl¬ 
ene.  The  latter  compound  also  gave  trouble  in  the  distillation 
procedure,  because  early  portions  of  the  distillate  of  the  nitrosate 
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Table  IV.  Comparison  of  Rapid  and  Distillation  Methods 


Sample 


%  Olefins  %  Olefins 

(Rapid  Method)  (Distillation  Method) 


Impure  heptane-cyclopentane 
Heptane-2-methylpentadiene 
Heptane-diisobutylene 
100°  to  150°  F.  gasoline  cut 
Crude  benzene 
B-l 
B-2 
B-3 
B-4 


2 

15 

34 

20 

7 

25 

34 

28 

28 


1.8 

15.2 

34.2 

20  (by  bromine  No.) 
8 

25.4 

34.3 

27.5 
27.7 


were  lighter  than  water,  contrary  to  the  behavior  of  the  nitrosate 
distillate  of  most  olefins. 

By  shaking  this  light  nitrosate  distillate  with  alcoholic  potas¬ 
sium  sulfide  for  3  minutes,  it  was  rendered  soluble  in  50%  alcohol, 
this  minimum  time  factor  being  required  for  complete  reaction. 
It  was  also  discovered  that  the  nitrosate  of  decene-1  reacted  com¬ 
pletely  with  alcoholic  potassium  hydroxide  to  give  a  compound 
soluble  in  50%  alcohol.  Therefore,  to  take  care  of  any  type  of 
sample,  the  rapid  method  was  modified  to  include  treatment  with 
alcoholic  potassium  hydroxide  prior  to  the  addition  of  alcoholic 
potassium  sulfide  and  the  shaking  time  with  the  latter  reagent 
was  increased  to  4  minutes  as  described  in  Method  B.  This 


method  gives  results  which  compare  very  favorably  with  those  ( 
Method  A,  and  has  a  marked  advantage  in  simplicity  and  rapid 
ity  where  only  the  volume  per  cent  olefin  is  desired.  Howevei 
Method  A  should  be  used  where  additional  work  is  to  be  done  o 
the  unreacted  portion  of  the  sample,  such  as  determination  of  arc 
matic  content,  density,  or  refractive  index. 

Cooperative  results  obtained  by  Sub-Committee  XXV  c 
A.S.T.M.  Committee  D-2  on  a  considerable  number  of  syntheti 
and  natural  samples,  using  both  Methods  A  and  B,  will  appear  i 
a  later  paper. 
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Analysis  of  Furfural-Water  Solutions 

JOHN  GRISWOLD,  M.  E.  KLECKA,  AND  R.  V.  O.  WEST,  JR.,  University  of  Texas,  Austin,  Texas 


Rapid  and  accurate  analyses  have  been  developed  for  determina¬ 
tion  of  water  in  furfural  by  a  cloud-point  method,  and  for  furfural  in 
water  by  an  electrometric  titration  with  bromine. 

SIMPLE,  dependable  analyses  of  furfural-water  solutions 
are  needed  in  connection  with  furfural  solvent  refining  and 
extractive  distillation  processes.  Current  methods  for  analyzing 
water  in  the  furfural  phase  include  titration  with  the  Karl  Fischer 
reagent,  toluene  distillation,  and  centrifuge,  refractive  index, 
and  cloud-point  (saturation  temperature)  determinations. 
Methods  for  analyzing  furfural  in  the  water  phase  include  ultra¬ 
violet  absorption  (spectrometric) ,  colorimetric  determinations 
with  fuchsin-sulfite  and  with  aniline  reagents,  titration  with  hy- 
droxylamine  hydrochloride,  and  gravimetric  determinations 
with  special  reagents  such  as  phloroglucinol.  None  of  the  above 
methods  has  superseded  the  others  to  the  extent  of  being  specified 
for  standard  or  reference  analyses.  The  methods  given  here 
are  based  on  calibrations  of  known  quantities  of  furfural  and  of 
water,  and  are  of  sufficient  speed  and  accuracy  for  general  use. 

Water  in  furfural  is  determined  by  observation  of  the  cloud 
point  of  equal  volumes  of  furfural  and  a  cloud-point  reagent 
consisting  of  a  mixture  of  1-hexanol  and  cottonseed  oil.  'Cloud 
points  with  cottonseed  oil  alone  occur  at  undesirably  high  tem¬ 
peratures,  and  are  lowered  by  the  presence  of  the  alcohol;  by 
adjusting  the  ratio  of  oil  to  alcohol,  the  cloud  point  may  be 
brought  to  an  optimum  temperature  level. 

This  procedure  and  the  cloud-point  behavior  resemble  the 
determination  of  water  in  aniline  with  the  cottonseed  oil-mineral 
oil  reagent  developed  by  Seaman,  Norton,  and  Hugonet  (5). 
Using  dry  furfural,  the  method  should  be  adaptable  to  the  deter¬ 
mination  of  water  in  any  other  organic  liquid  that  does  not  react 
with  furfural  merely  by  substituting  it  for  1-hexanol. 

Hughes  and  Acree  (3,  4)  reported  that  furfural  reacts  with 
bromine  to  equimolar  proportions  rapidly  and  with  a  second 
mole  or  more  of  bromine  slowly  at  20°  to  30°  C.  The  first  mole 
of  bromine  (reacted  at  0  °  C.)  yielded  2  moles  of  hydrogen  bro¬ 


mide.  The  same  authors  developed  a  satisfactory  bromometri 
analysis  for  furfural  that  consists  essentially  of  providing  exces 
bromine  with  bromide-bromate  reagent,  reacting  at  0°  C.  in  a  3(1 
hydrochloric  acid  solution,  replacing  the  excess  bromine  witl 
iodine  using  potassium  iodide,  and  then  titrating  the  free  iodini 
with  standard  thiosulfate  and  starch  indicator.  The  methoc 
specifies  0.1  N  reagents  and  is  not  well  adapted  to  samples  con 
taining  only  a  few  milligrams  of  furfural. 

In  this  laboratory,  attempts  at  direct  titration  of  furfura 
using  bromide-bromate  reagent  showed  that  the  rate  of  the  firs' 


Figure  1.  "Effect  of  Hexanol-Cottonseed  Oil 
Ratio  on  Cloud  Point 


November,  1946 


ANALYTICAL  EDITION 


697 


Figure  2.  Effect  of  Water  Concentration  on  Cloud  Point  of 
Furfural  Solutions  with  Hexanol— Cottonseed  Oil  Mixtures 


commercial  Wesson  oil.  The  furfural  may  be  obtained  from 
Quaker  Oats  Co.  and  is  dried  and  purified  by  redistillation  under 
reduced  pressure,  rejecting  the  first  25%  of  distillate. 

The  cloud-point  apparatus  is  a  2.5  X  10  cm.  (1X4  inch)  test 
tube  mounted  in  a  water  bath  consisting  of  a  250-ml.  beaker 
warmed  by  a  Bunsen  burner.  The  test  tube  contains  an  A.S.- 
T.M.  titer  test  thermometer  extending  to  about  1.25  cm.  from 
the  bottom.  A  wire  bent  to  form  a  loop  encircling  the  thermom¬ 
eter  is  used  as  the  stirrer.  The  thermometer  is  mounted  in  a 
cork  with  an  off-center  hole  for  the  wire  stirrer.  The  A.S.T.M. 
aniline  point  apparatus  ( 1 )  may  be  used  with  equal  satisfaction. 

Procedure.  The  cloud-point  reagent  is  made  up  of  about 
0.4  ml.  of  dry  hexanol  per  ml.  of  cottonseed  oil  and  is  kept  in  a 
glass-stoppered  flask. 

The  cloud-point  apparatus  is  charged  with  10  ml.  of  furfural 
and  10  ml.  of  cloud-point  reagent.  The  mixture  is  warmed 
with  stirring  until  it  is  perfectly  clear  and  transparent,  then 
cooled  slowly  with  stirring  until  the  cloud  point  is  observed. 
A  haze  appears  as  the  cloud  point  is  approached,  and  the  solution 
becomes  suddenly  opaque  at  about  0.75 0  C.  lower.  The  “opaque 
point”  is  reproducible  to  ±0.1°  C.,  and  is  taken  as  the  cloud 
point.  The  reagents  are  calibrated  against  samples  of  wet  fur¬ 
fural  made  up  with  known  amounts  of  water.  Sample  calibra¬ 
tion  tests  are  plotted  in  Figures  1  and  2. 

•  It  is  recommended  that  samples  containing  more  than  3% 
water  be  mixed  with  1,  2,  of  3  parts  of  dry  furfural  for  testing. 
For  samples  containing  less  than  1%  water,  a  slight  improve¬ 
ment  in  accuracy  and  convenience  is  obtained  by  using  a  cloud- 
point  reagent  of  about  0.3  ml.  of  hexanol  per  ml.  of  cottonseed 
oil. 

BROMOMETRIC  TITRATION  OF  FURFURAL 


reaction  was  far  too  slow  to  ba  satisfactory,  but  that  in  the  pres¬ 
ence  of  hydrochloric  acid  and  mercuric  chloride,  free  bromine  in 
aqueous  solution  reacts  rapidly  as  far  as  equimolar  proportions. 
This  permits  observation  of  an  end  point  when  free  bromine  per¬ 
sists  in  the  solution.  The  end  point  is  conveniently  observed 
as  e.m.f.  (or  pH)  of  a  calomel  electrode.  The  e.m.f.  rises 
sharply  from  about  250  to  over  800  millivolts  (0.25  to  0.8  volt) 


Materials  and  Equipment.  The  titration  cell  consists  of  a 
250-ml.  beaker  marked  at  the  100-ml.  level  and  equipped  with  a 
stirrer,  a  thermometer,  a  normal  calomel  electrode,  and  a  refer¬ 
ence  electrode  of  a  spiral  of  platinum  wire  sealed  in  a  glass  tube 
(Figure  3).  The  standard  bromine  reagent  is  delivered  from  a 
50-ml.  buret. 

The  cell  is  mounted  in  a  water  bath,  such  as  a  1-liter  beaker, 
since  the  temperature  must  be  constant  to  ±  1  °  C.  or  less  during  a 
titration. 


and  persists  for  a  limited  time  when  the  end  point  is  reached. 
A  certain  excess  of  bromine  is  consumed  over  the  stoichiometric 
equivalent.  But  with  proper  precautions  and  attention  to  de¬ 
tail,  the  end  point  is  reproducible.  Plots  of  stoichiometric  bro¬ 
mine  against  bromine  to  “potentiometric  end  points”  gave 
straight  lines  for  any  given  concentration  of  bromine  water,  so 
the  reagent  msy  be  standardized  by  titration  against  pure  fur¬ 
fural  in  terms  of  its  “potentiometric  normality”. 

CLOUD-POINT  DETERMINATION  OF  WATER 

Materials  and  Equipment.  The  1-hexanol  may  be  ob¬ 
tained  from  Carbide  and  Carbon  Chemicals  Corp.,  and  is  dried  by 
distilling  off  the  water  before  use.  The  cottonseed  oil  may  be 


Figure  4.  Potentiometric  Titration  of  Furfural 
in  Water  at  Room  Temperature 


The  e.m.f.  (or  pH)  is  observed  by  a  sensitive 
potentiometer,  an  electronic  voltmeter,  or  a  pH 
meter  of  the  proper  range  (0  to  1  volt),  such  as  is 
specified  for  the  A.S.T.M.  acid  and  base  numbers 
electrometric  titration  apparatus  ( 2 ). 

The  bromine  reagent  is  made  up  approximately 
0.005  molal  (0.005  N)  in  bromine,  0.01  molal 
(0.01  N)  in  potassium  bromide,  and  with  10  ml. 
of  concentrated  hydrochloric  acid  per  100  ml.  of 
distilled  water.  It  should  be  made  up  fresh  daily 
and  standardized  against  furfural. 

Mercuric  chloride  as  saturated  solution  in  dis¬ 
tilled  water  is  run  through  the  electrode  into  the 
cell  for  each  titration. 

Procedure.  The  bromine  reagent  is  calibrated 
against  5-mg.  samples  of  furfural,  using  the  same 
titration  procedure  as  for  unknowns.  At  any 
constant  temperature,  the  volume  of  reagent 
plots  as  a  straight  line  against  amount  of  furfural 
with  an  intercept  of  —0.4  ml.  of  0.005  .V 
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bromine  (Figure  4).  After  subtraction  of  0.4  ml.  from  the  buret 
reading  at  the  end  point,  a  “potentiometric  normality”  of  the 
reagent  may  be  used  (sample  calculations). 

A  temperature  factor”  read  from  Figure  5  is  used  when  the 
bromine  calibration  is  made  at  a  different  temperature  from  that 
at  which  samples  are  tested. 

In  general,  two  titrations  are  run  on  an  unknown  sample  the 
nrst  to  determine  the  approximate  furfural  concentration  and 

of  furfural  °n  a  S1ZG  °f  Sample  that  contains  approximately  5  mg. 

For  the  second  titration,  the  titration  beaker  is  charged  with 
the  sample  and  diluted  with  distilled  water  to  the  100-mi.  mark- 
3  ml.  of  the  mercuric  chloride  solution  are  added  and  the  stirrer 
is  started.  When  the  temperature  is  constant,  bromine  reagent 
equivalent  to  about  95%  of  the  end  point  is  run  in  from  the  buret 
as  fast  as  it  will  drain,  or  within  60  seconds.  This  will  cause  a 
temporary  or  false  end-point  potential.  As  soon  as  the  e.m.f. 
nas  fallen  below  0.75  volt,  bromine  reagent  is  added  in  incre¬ 
ments  of  approximately  1%  of  the  expected  total  until  the 
e.m.f.  remains  above  750  millivolts  for  90  seconds.  This  is 
taken  as  the  end  point. 

Titration  of  Furfural  in  Water.  Sample  Calculations 
Molecular  weight  of  furfural  =96.1 
Specific  gravity  of  aqueous  solutions  =  1.00 

Standardization  of  bromine  reagent:  1.000  gram  of  dry  fur¬ 
fural  made  up  to  1  liter  with  distilled  water.  1  ml  =  1  me  of 
furfural.-  6' 

Titrate  5.0  ml.  with  bromine  reagent.  17.0  ml.  required  at 

-1  C.  Trom  Figure  5,  temperature  factor  =  1.040. 

Potentiometric  normality 
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Normality  factor  =  (mg-  of  furfural)  (temperature  factor) 
(molecular  weight)  (ml.  —  zero  correction) 


(5.0)  (1.040) 


(96.1)  (17.0  -  0.4) 


=  0.00326 


Titration  of  Sample.  For  second  (final)  titration  of  an 
unknown,  take  a  size  of  sample  that  will  consume  approximately 
the  same  volume  of  bromine  reagent  as  required  for  the  stand¬ 
ardization. 


20.0  ml.  of  sample 

18.8  ml.  of  reagent  required  to  end  point  at  28' 
Temperature  factor  from  Figure  5  =  1.115 

Weight  %  of  furfural 


_  100  (ml,  —  zero  correction)  (n.f.)  (96.1) 
1000  (ml.  of  sample)  (temperature  factor) 


=  (18.8  -  0.4)  (0.00326)  (9.61) 

(20.0)  (1.115)  “  0  0259 


ACCURACY  AND  APPLICABILITY 

Water  in  Furfural.'  The  slope  of  the  curves  of  Figure  2  is 
about  a  O.  for  1%  water.  A  cloud  point  accurate  to  ±0  1°  C 
then  gives  a  reproducibility  of  ±0.01%  water.  The  cloud’ point 
is  not  sensitive  to  changes  in  the  proportion  of  sample  to  cloud- 
pomt  reagent.  While  clean,  redistilled  furfural  was  used  in  the 
development  of  the  method,  polymer  or  decomposition  products 
acidity,  and  hydrocarbons  present  in  plant  samples  may  affect 
the  cloud  point.  For  determinations  on  impure  samples,  it  is 
recommended  that  calibrations  of  the  cloud-point  reagent  on 
pure  furfural  be  checked  against  a  calibration  using  dehydrated 
plant  turfural  to  avoid  possible  error  from  impurities. 

Furfural  in  Water.  As  discussed  earlier,  the  bromine  reac¬ 
tion  is  neither  instantaneous  nor  does  it  stop  completely  with 
the  consumption  of  the  first  mole  of  bromine  per  mole  of  furfural. 

urthermore,  aqueous  bromine  tends  to  hydrolyze  according  to 
the  equation  6 

Br2  +  H20  ^  HBr  +  HBrO 


To  avoid  errors  introduced  by  the  above  phenomena,  condi¬ 
tions  must  be  rigidly  standardized  in  the  respects  noted  in  the 
procedure. 

The  use  of  hydrochloric  acid,  potassium  bromide,  and  mercuric 
chloride  has  two  effects:  The  first  two  compounds  stabilize  the 
bromine  reagent,  greatly  reducing  the  rate  of  hydrolysis.  Hy¬ 
drolyzed  material  does  not  give  reproducible  end  points;  hence 
the  reagent  must  be  made  up  fresh  daily.  All  three  halides  ap¬ 
pear  to  act  catalytically,  speeding  the  reaction  of  the  first  mole  of 
bromine  without  a  corresponding  effect  on  further  bromine  con- 


Electrometrie  titration  of  furfural  in  water 


sumption.  The  end  point  is  not-  appreciably  affected  by  wide 
variations  in  acid  or  salt  concentrations. 

The  bromine  required  for  the  end  point  depends  upon  the 
rate  of  bromine  addition,  and  to  a  great  extent  upon  temperature. 
The  use  of  the  temperature  factor  (Figure  5)  may  be  eliminated 
and  a  slight  improvement  of  accuracy  gained  by  thermostating 
the  water  bath,  so  that  bromine  standardization  and  the  deter¬ 
minations  are  both  made  at  the  same  temperature.  The  method 
v  ill  obviously  give  high  results  on  a  sample  containing  impuri¬ 
ties  that  react  with  bromine. 

Bromine  concentration  of  0.005  N  and  sample  size  of  5  mg.  of 
furfural  \\  ere  selected  somewhat  arbitrarily  for  accuracy  and 
convenience.  With  proper  care  and  attention  to  detail,  a  titra¬ 
tion  is  reproducible  to  ±0.5%  of  the  total  furfural  in  a  5-mg. 
sample.  The  absolute  accuracy  as  per  cent  furfural  in  water  then 
depends  upon  the  concentration  and  sample  size: 


Furfural 

Concentration 

% 


Sample  (Containing 
5  Mg.  of  Furfural) 
Ml. 


0.01 
0. 1 
1.0 
5.0 


50 

5 

0.5 

0.1 


Accuracy 

%  Furfural  in  water 

±0.00005 

0.0005 

0.005 

0.02 


The  above  degree  of  accuracy  is  not  attainable  when  the 
sample  contains  an  amount  of  furfural  appreciably  different 
from  the  amount  used  in  standardizing  the  bromine  reagent. 
While  the  accuracy  relation  is  incompletely  known,  a  sample 
containing  either  4  or  6  mg.  of  furfural  titrated  with  reagent 
standardized  against  5  mg.  of  furfural  gives  an  accuracy  of  about 
±1.0%  of  the  total  furfural  present. 
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Solubility  of  Magnesium  Ammonium  Phosphate  Hexahydrate 

R.  F.  UNCLES1  AND  G.  B.  L.  SMITH2,  Polytechnic  Institute  of  Brooklyn,  Brooklyn,  N.  Y. 


Respite  the  appreciable  solubility  of  magnesium  ammonium  phos- 
hate  hexahydrate  in  solutions  of  electrolytes,  the  composition  of 
re  solution  of  analysis  is  such  as  to  render  the  salt  almost  completely 
(soluble  therein.  If  the  recommended  procedure  for  the  gravi- 
letric  determination  of  magnesium  is  employed,  recovery  as  mag- 
esium  ammonium  phosphate  will  be  complete  well  within  the 
mits  of  experimental  error. 


ESPITE  its  universal  application  as  the  basis  of  the  accepted 
quantitative  analytical  procedures  for  the  determination  of 
lagnesium  (4)  and  phosphorus  (10),  magnesium  ammonium 
hosphate  hexahydrate  is  widely  recognized  as  being  one  of  the 
lost  soluble  precipitates  extensively  used  in  gravimetric  deter- 
linations  (5,  21).  A  number  of  investigators  (1,  S,  15,  19,  20) 
ave  reported  solubility  data  for  magnesium  ammonium  phos- 
hate,  but  a  comparison  of  the  various  data  reveals  a  definite 
ick  of  agreement  among  the  published  results.  Further,  the  ef- 
ect  of  the  presence  of  ammonium  hydroxide  on  the  solubility  of 
aagnesium  ammonium  phosphate  in  solutions  containing  vari- 
us  added  salts  has  received  but  little  attention.  This  latter  is 
if  the  greatest  practical  importance,  since  the  standard  analyti- 
al  procedures  call  for  the  addition  of  considerable  quantities  of 
.mmonium  hydroxide  to  the  solution  of  analysis. 

This  contradictory  and  incomplete  nature  of  the  existing  data 
effects  an  obvious  need  for  an  accurate  and  comprehensive  deter- 
aination  of  the  solubility  of  magnesium  ammonium  phosphate  in 
rarious  concentrations  of  aqueous  and  ammoniacal  salt  solu- 
ions  likely  to  be  encountered  in  analytical  practice.  The  present 
nvestigation  was  undertaken  to  provide  this  necessary  informa- 
ion. 

PREPARATION  OF  SATURATED  SOLUTIONS 

Magnesium  ammonium  phosphate  hexahydrate  was  prepared 
>y  the  reaction  of  diammonium  phosphate  and  magnesium  chlo- 
ide  in  aqueous  solution.  The  precipitate  was  thoroughly 
v ashed  with  distilled  water,  anhydrous  ethanol,  and  anhydrous 
ither.  Analysis  by  igniting  weighed  samples  to  magnesium 
jyrophosphate  in  tared  silica  crucibles  at  1000°  to  1050°  C.  in  a 
nuffle  furnace  indicated  an  average  purity  of  99.88%. 

Standard  solutions  of  the  various  salts  in  which  the  solubility 
>f  magnesium  ammonium  phosphate  was  to  be  determined  were 
jrepared  in  the  accepted  manner  of  diluting  a  weighed  quantity 
>f  the  salt,  the  highest  grade  reagent  of  commerce,  to  a  definite 
volume  in  volumetric  equipment  of  proved  accuracy.  In  many 
:ases,  the  solution  medium  for  these  standard  salt  solutions  was 
unmonium  hydroxide  of  known  normality,  prepared  by  dilu¬ 
tion  of  the  concentrated  c.p.  reagent  and  checked  by  analysis. 

The  saturated  solutions  of  magnesium  ammonium  phosphate 
lexahydrate  were  prepared  by  agitating  1  gram  of  the  hexa- 
lydrate  in  200  ml.  of  the  required  salt  solution  for  24  hours  in  a 
lask  immersed  in  a  constant-temperature  bath  at  25°  =•=  0.05°  C. 
\t  the  end  of  this  period,  the  solution  was  rapidly  filtered,  and 
the  filtrate  set  aside  in  a  tightly  stoppered  bottle  for  analysis. 
\  sample  of  the  salt  solution  before  saturation  was  also  set  aside 
:or  use  as  a  blank. 

ANALYSIS  OF  SATURATED  SOLUTIONS 

This  comprehensive  investigation  of  solubilities,  involving  a 
large  number  of  magnesium  determinations  in  solutions  whose 
magnesium  content  would  necessarily  be  very  low,  demanded  a 
method  of  analysis  which  would  allow  the  rapid,  as  well  as  accu¬ 
rate,  estimation  of  very  small  quantities  of  magnesium.  Colori- 

1  Present  address,  American  Cyanamid  Co.,  Stamford,  Conn. 

*  Present  address,  U.  S.  Naval  Ordnance  Test  Station,  Inyokern,  Calif. 


metric  methods  were  considered  as  being  most  likely  to  satisfy 
the  requirements  of  speed  and  precision. 

A  number  of  reagents  are  known  to  give  color  reactions  which 
are  characteristic  for  magnesium  ( 2 ,  6,  9,  11,  12).  Of  these, 
titan  yellow  has  probably  received  the  most  intensive  study,  and 
it  was  evident  from  a  careful  consideration  of  the  literature  refer¬ 
ences  describing  colorimetric  methods  for  the  determination  of 
magnesium  (7,  14,  16,  18)  that  titan  yellow  offered  an  excellent 
possibility  of  successful  application  in  the  present  investigation. 
When  magnesium  hydroxide  is  precipitated  in  the  presence  of 
titan  yellow  by  sodium  hydroxide,  the  yellow  color  of  the  reagent 
changes  to  red  or  orange  red  at  a  pH  of  12.5.  According  to  Lud¬ 
wig  and  Johnson  (14),  the  lake  which  is  formed  with  dilute  mag¬ 
nesium  solutions  remains  dispersed  for  rather  long  periods,  par¬ 
ticularly  in  the  presence  of  protective  colloids  such  as  starch, 
agar,  or  dextrose.  In  the  absence  of  such  materials,  floccula¬ 
tion  occurs  readily  and  the  results  are  not  reproducible.  Gillam 
(7)  advised  the  addition  of  hydroxylamine  hydrochloride  to  re¬ 
tard  the  fading  of  the  color  produced,  an  observation  which  was 
fully  substantiated  in  the  present  work.  Stross  (18)  emphasized 
the  necessity  of  rigid  adherence  to  an  established  technique,  es¬ 
pecially  during  the  development  of  color,  if  reproducible  results 
are  to  be  obtained.  The  magnesium-titan  yellow  complex  ap- 
.  pears  to  be  of  colloid  nature,  and  it  is  well  known  that  the  prop¬ 
erties  of  colloids  are  influenced  by  the  conditions  of  their  forma¬ 
tion. 


MILLIGRAMS  MAGNESIUM 

Figure  1.  Per  Cent  Transmittance  Versus  Magnesium 
Content  of  Solution  in  Which  Magnesium-Titan  yellow 
Complex  Has  Been  Developed 

After  considerable  preliminary  experimentation,  the  colori¬ 
metric  method  developed  for  use  in  the  present  investigation 
was  substantially  that  proposed  by  Gillam  (7) : 

A  carefully  measured  volume  of  the  saturated  solution  of 
magnesium  ammonium  phosphate  was  pipetted  into  a  100-ml. 
volumetric  flask.  The  sample  should  contain  a  maximum  of  0.3 
mg.  of  magnesium.  This  permits  a  transmittance  of  at  least  60% 
through  the  colored  solution  subsequently  developed,  as  measured 
'  in  a  filter  photometer  of  standard  design,  employing  light  filters 
allowing  maximum  transmittance  of  light  of  a  wave  length  of 
524  millimicrons — the  approximate  region  of  maximum  absorp¬ 
tion  of  light  by  the  color  complex.  The  reason  for  this  limit  of 
sample  size  is  at  once  apparent  upon  consideration  of  Figure  1. 
Up  to  a  magnesium  content  of  about  0.3  mg.,  the  curve  is  prac¬ 
tically  linear  and  of  steep  slope.  This  agrees  well  with  the  ex¬ 
perience  of  others  (7,  8,  IS,  18). 

699 


700 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  18,  No.  1 


To  the  sample  were  then  added  10.0  ml.  of  a  1.0%  aqueous  solu¬ 
tion  of  gelatin  (Eastman  Kodak  No.  1099).  This  will  effectively 
prevent  flocculation  in  solutions  containing  as  high  as  1.0  mg.  of 
magnesium. 

Next,  5.0  ml.  of  a  4.0%  aqueous  solution  of  hydroxylamine 
hydrochloride  (Merck  reagent)  were  added,  followed  by  dilution 
to  approximately  70  ml.  with  distilled  water.  The  effectiveness 
of  this  quantity  of  hydroxylamine  hydrochloride  in  preventing  the 
fading  of  the  color  complex  for  a  period  of  time  sufficient  to  per¬ 
mit  its  quantitative  determination  in  the  filter  photometer  is 
graphically  shown  in  Figure  2. 

One  milliliter  of  dye  solution  (0.15  gram  of  Eastman  Kodak  No. 
P4454  titan  yellow  in  75  ml.  of  95%  ethanol  and  25  ml.  of  dis¬ 
tilled  water)  was  then  added. 


TIME  -  MINUTES 

Figure  2.  Stabilizing  Effect  of  Hydroxylamine 
Hydrochloride  on  Magnesium-Titan  Yellow 
Color  Complex  Developed  in  Sample  Containing 
0.3  Mg.  of  Magnesium 

i.  No  hydroxylamine  hydrochloride  added 

ii.  2.0  ml.  of  4.0%  hydroxylamine  hydrochloride  solution  added 

iii.  5.0  ml.  ol  4.0%  hydroxylamine  hydrochloride  solution  added 


Then  10.0  ml.  of  a  4.0%  aqueous  solution  of  sodium  hydroxide 
(Baker’s  analyzed)  were  added  with  constant  swirling,  and  the 
solution  was  made  to  volume  with  distilled  water  and  vigorously 
shaken.  If  ammoniacal  solutions,  or  solutions  containing  am¬ 
monium  salts,  were  under  consideration,  a  larger  quantity  of 
sodium  hydroxide  solution  was  required  to  compensate  for  the 
buffering  action  of  the  ammonium  ion.  In  either  case,  the  char¬ 
acteristic  red  color  developed  immediately  in  the  presence  of 
magnesium. 

The  per  cent  transmittance  of  light  of  the  colored  solution  thus 
prepared  was  measured  in  the  filter  photometer. 

In  this  manner,  three  analyses  were  made  of  each  of  the  du¬ 
plicate  saturated  solutions  of  magnesium  ammonium  phosphate 
hexahydrate  in  the  specified  solution  of  electrolyte,  thus  giving 
six  replicate  analyses  for  each  solution  investigated.  The 
arithmetic  mean  of  the  six  photometer  readings  was  calculated, 
and  its  equivalent  in  terms  of  milligrams  of  magnesium  deter¬ 
mined  by  means  of  a  calibration  curve.  This  curve  was  pre¬ 
pared  by  developing  the  magnesium-titan  yellow  color  complex  in 
solutions  of  the  given  electrolyte  to  which  had  been  added  meas¬ 
ured  quantities  of  a  standard  magnesium  sulfate  solution,  deter¬ 
mining  the  per  cent  transmittance  of  light,  and  averaging  the 
results  for  each  magnesium  concentration  to  allow  a  graphical 
representation  of  milligrams  of  magnesium  versus  photometer 
reading.  It  was  not  found  advisable  to  construct  a  single  cali¬ 
bration  curve  which  would  apply  throughout  the  entire  investiga¬ 
tion.  The  use  of  freshly  prepared  reagents,  particularly  the  gela¬ 
tin  solution,  and  the  amount  of  caustic  solution  used  to  develop 
the  color  complex,  contributed  to  slight  displacements  of  the 


photometer  readings  for  a  given  magnesium  concentration 
It  was  found  expedient  to  analyze  all  the  samples  relating  to  ; 
given  added  electrolyte  in  one  continuous  series  of  operation 
and  to  collect  the  data  required  for  a  calibration  curve  at  the  sanr 
time. 

SOLUBILITY  DATA 

In  Tables  I,  II,  III,  and  IV,  the  solubility  data  are  recorded  ii 
terms  of  milligrams  of  magnesium  per  liter  of  solution  at  25  °  C 
The  data  have  been  grouped  in  general  relation  to  the  magnitud< 
of  the  normality  ranges  of  the  added  electrolytes  and  in  severa 
instances  are  repeated  for  greater  ease  of  comparison.  The 
data  were  submitted  to  a  statistical  analysis  which  revealec 
that  in  the  majority  of  cases  the  standard  deviation  of  the  average 
solubility  determined  for  each  solution  amounted  to  less  than  1  % 
of  the  average  solubility  value. 

In  water,  the  solubility  of  magnesium  ammonium  phosphate 
hexahydrate  was  found  to  be  equivalent  to  13.6  mg.  of  magnesiun 
per  liter  of  solution  at  25  0  C. 

Selections  of  solubility  curves,  representing  the  extreme  ef¬ 
fects  of  added  electrolytes,  are  presented  in  Figures  3  and  4. 
These  allow  a  convenient  orientation  of  the  relative  solubilities 
of  magnesium  ammonium  phosphate  in  the  several  solution 
media  investigated. 


Table  I.  Solubility  of  Magnesium  Ammonium  Phosphate 
Hexahydrate 


formality  of  Salt  Solution 


Salt  Solution 

0  001 

0 

005 

0.010 

0.025 

0. 

050 

0.075 

0 

,100 

Mg. 

of  magnesium  per  liter 

of  solution 

nhjoh 

9.60 

3 

.42 

1.39 

0. 

70 

0 

53 

(NHi);HPOi 

12.7 

8. 

10 

4.68 

2.29 

1. 

26 

1.12 

1 

00 

NazHPOi 

13.1 

9. 

.93 

8.95 

8. 

14 

7. 

66 

Table  II.  Solubility  of  Magnesium  Ammonium  Phosphate 
Hexahydrate 

Normality  of  Salt  Solution 


Salt  Solution 

0.05 

0.10 

0.20 

0.30 

0.40 

0.50 

• 

Mg.  of  magnesium  per  liter  of  solutio 

n 

( N  H4)  2C2O4 

Aqueous  solution 

38.8 

57.0 

89.5 

121.0 

152.0 

180.0 

In  0.01  N  NHtOH 

22.5 

64 . 5 

112.0 

In  0.10  N  NH4OH 

8.76 

27.1 

47.7 

In  1.00  N  NH4OH 

2.63 

8.32 

14.4 

Na2C2C>4 

Aqueous  solution 

43.5 

68.5 

106.0 

138.0 

166.0 

191.0 

In  0.01  N  NH4OH 

22.1 

60.5 

109.0 

In  0.10  N  NHiOH 

6.57 

21.3 

39.4 

In  1.00  N  NH4OH 

2.40 

7.00 

11.9 

(NH4)2Mo04 

Aqueous  solution 

340 . 0 

493.0 

730.0 

In  0.05  N  NH4OH 

404  0 

In  0.20  N  NH4OH 

2.5 

Table  Ilf.  Solubility  of  Magnesium  Ammonium  Phosphate 
Hexahydrate 


Normality  of  Salt  Solution 


Salt  Solution 

0.10 

0.50 

1.00 

Mg.  of  magnesium  per  liter  of  solution 

NH4CI 

19.1 

38.0 

53.0 

NaCl 

22.3 

32.0 

37.0 

KC1 

18.8 

26.4 

29.8 

NH4NO3 

19.3 

35.0 

46.5 

NaNOs 

20.0 

30.5 

35.0 

KNOs 

17.9 

24.6 

26.0 

(NH4)2S04 

24.1 

52.2 

73.0 

Na2SC>4 

25.0 

38.6 

46.0 

k2sc>4 

21,9 

34.2 

39.2 

CaCl2 

Aqueous  solution 

296 

499 

622 

In  0.1  TV  NH4OH 

131 

311 

416 

In  1.0  N  NH4OH 

18.3 

26.9 

27.9 

In  2.0  N  NH4OH 

6.6 

12.1 

12.9 

BaCl2 

Aqueous  solution 

125 

184 

199 

In  0.1  N  NHiOH 

70 

140 

155 

In  1  0  ,7V  NH4OH 

15.3 

26.0 

27.6 

lovember,  1946 


ANALYTICAL  EDITION 


701 


Table  IV.  Solubility  of  Magnesium  Ammonium  Phosphate  Hexahydrate 

Normality  of  Salt  Solution 


Salt  Solution 

0.10 

0.25. 

0.50 

0.75 

1.00 

1.50 

2.00 

3.00 

5  00 

:h<oh 

0.53 

Mg.  magnesium  per 

0.44  0.55 

liter  of 

solution 

0.70 

0.80 

MHthHPOi 

1.00 

0.76 

0.50 

H<C1 

Aqueous  solution 

19.1 

25.9 

38.0 

46.0 

53.0 

61.5 

67.0 

79.0 

86.0 

In  0.01  N  NHtOH 

7.24 

16.5 

22.0 

30.0 

In  0.10  N  NH,OH 

2.11 

5.53 

7.46 

9.30 

In  1.00  N  NH4OH 

'1.20 

2.96 

4.20 

5.60 

H4N03 

Aqueous  solution 

19.3 

24.6 

35.0 

42.0 

46.5 

52.0 

54.0 

56.5 

59.0 

In  0.01  N  NH4OH 

6  80 

14.4 

19.1 

26.0 

In  0.10  N  NH4OH 

1.71 

4.50 

5.90 

7.65 

In  1.00  N  NH4OH 

1.22 

2.80 

4.00 

5.30 

■iH4)2SC>4 

Aqueous  solution 

24.1 

35.8 

52.2 

64.0 

73.0 

87.0 

97.5 

119.0 

148  0 

In  0.01  N  NH4OH 

9.24 

22.7 

35.0 

56.0 

In  0.10  N  NH4OH 

3.07 

8.85 

13.8 

21.0 

In  1.00  N  NH4OH 

1.25 

3.70 

5.90 

10.0 

aCl 

Aqueous  solution 

22.3 

27.2 

32.0 

35.0 

37.0 

39.4 

40.2 

39.6 

36.2 

In  0.01  N  NH4OH 

6.30 

11.7 

15.1 

16.6 

In  0.10  N  NH4OH 

1.75 

3.78 

4.76 

5.66 

aNOa 

Aqueous  solution 

20.0 

25.4 

30.5 

33.4 

35.0 

37.4 

38.2 

37.0 

29.0 

In  0.01  N  NH4OH 

6.00 

11.4 

13.8 

14.7 

In  0.10  N  NH4OH 

2.70 

6.35 

8.86 

12.7 

a2SC>4 

Aqueous  solution 

25.0 

32.0 

38.6 

42.8 

46.0 

51.0 

54.0 

In  0.01  N  NH,OH 

8.53 

19.6 

27.4 

34.5 

In  0.10  N  NH4OH 

2.70 

6.35 

8.86 

12.7 

In  1.00  N  NH4OH 

0.80 

2.40 

3.64 

4.80 

SOLUBILITY  OF  MAGNESIUM  AMMONIUM  PHOSPHATE  IN  THE 
SOLUTION  OF  ANALYSIS 

The  quantitative  determination  of  magnesium  by  precipita- 
on  as  magnesium  ammonium  phosphate  followed  by  ignition  to 
lagnesium  pyrophosphate  has  been  investigated  by  Epperson  (4)  ■ 
nalysis  of  aliquots  of  a  standard  solution  of  magnesium  chlo- 
de  gave  closely  checking  true  results  even  in  the  presence  of 
,rge  excesses  of  added  salts.  In  no  case  was  there  evidence  of 
>ss  of  magnesium  ammonium  phosphate  by  solution. 


The  problem  of  the  solubility  of  magnesium 
ammonium  phosphate  in  the  solution  of  analysis 
of  both  phosphate  and  magnesium  was  further 
investigated  by  Hoffman  and  Lundell  (10).  In 
the  case  of  phosphate  analysis,  they  found  the  loss 
of  magnesium  ammonium  phosphate  by  solution 
to  amount  to  the  equivalent  of  about  0.02  mg.  of 
magnesium  for  each  precipitation.  Concerning 
the  solubility  of  magnesium  ammonium  phosphate 
under  the  conditions  which  exist  in  the  determi¬ 
nation  of  magnesium  by  the  standard  procedure, 
they  state  that  its  direct  determination  is  difficult, 
but  by  an  indirect  method  they  estimated  a  loss 
of  0.01  mg.  of  magnesium  by  solution  of 
magnesium  ammonium  phosphate  for  each  pre¬ 
cipitation. 

This  insignificant  solubility  of  magnesium  am¬ 
monium  phosphate  in  the  solutions  of  analysis  as 
reported  by  Hoffman  and  Lundell  was  confirmed 
by  the  direct  determination  of  the  magnesium  re¬ 
maining  in  solution  by  the  colorimetric  method 
of  analysis  herein  described,  after  precipitation  as 
magnesium  ammonium  phosphate  by  the  recom¬ 
mended  procedure. 

A  standard  solution  of  magnesium  sulfate 
heptahydrate  (Baker’s  analyzed)  was  prepared  to 
contain  12.25  grams  of  the  salt  in  2  liters.  Aliquots 
of  this  stock  solution  containing  the  equivalent  of 
0.2771  gram  of  magnesium  pyrophosphate  were  an¬ 
alyzed  for  magnesium  by  the  method  of  Epperson  (4).  The  fil¬ 
trates  and  wash  liquors  of  each  of  the  four  determinations  made 
were  combined,  and  the  volumes  were  reduced  by  evaporation, 
transferred  to  100-ml.  volumetric  flasks,  and  made  to  volume 
with  distilled  water.  Aliquots  of  each  solution  were  analyzed 
colorimetrically  for  magnesium.  Further  determinations  were 
made  in  which  additions  of  ammonium  salts  to  the  sample  solu¬ 
tions  preceded  the  gravimetric  analysis.  The  filtrates  and  wash 
liquors  were  treated  as  outlined  above. 

The  results  of  the  gravimetric  analyses  are  presented  in  Table 
V.  It  is  evident  from  the  close  agreement  of  the  actual  and  theo- 
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Table  V.  Gravimetric  Analyses  for  Magnesium 

Mg2P207  or 

Equivalent 

Variation  in  Standard  Procedure 

Taken 

Found 

Gram 

Gram 

No  variation 

0.2771 

0 . 2772 

0.2771 

0 . 2767 

0.2771 

0.2770 

Solution  of  analysis  2.0  N  with  respect  to 

ammonium  chloride 

0.2771 

0.2773 

0.2771 

0.2769 

0.2771 

0.2771 

Solution  of  analysis  2.0  N  with  respect  to 

ammonium  sulfate 

0.2771 

0.2770 

0.2771 

0.2771 

0.2771 

0.2766 

Solution  of  analysis  0.3  N  with  respect  to 

ammonium  oxalate 

0.2771 

0.2769 

0.2771 

0.2773 

0.2771 

0.2769 

retical  values  for  magnesium  pyrophosphate,  that  little  if  any  loss 
of  magnesium  ammonium  phosphate  resulted.  Further,  a 
statistical  analysis  of  variance  (17)  of  these  four  groups  of  data 
indicated  that  the  addition  of  ammonium  salts  had  no  effect  on 
the  analytical  results. 

The  photometric  analyses  of  the  combined  filtrates  and  wash 
liquors  indicated  a  maximum  magnesium  content  of  0.003  mg. 
in  the  aliquot  taken  in  all  cases.  The  colorimetric  method  herein 
described  allows  the  detection  of  as  little  as  0.005  mg.  of  magne¬ 
sium  with  a  fair  degree  of  accuracy,  but  below  this  range  the  re¬ 
sults  must  be  expressed  as  an  estimated  maximum.  Larger  ali¬ 
quots  led  to  erratic  results  due  to  the  high  salt  concentrations  in 
the  evaporated  solutions.  However,  the  maximum  of  0.003  mg. 
of  magnesium  in  the  aliquot  taken  (10.0  ml.)  represents  a  loss  of 
0.03  mg.  of  magnesium  in  the  total  filtrate  and  wash  liquors  of  an 
analysis  involving  two  precipitations,  or  approximately  0.015 
mg.  of  magnesium  per  precipitation.  This  is  in  excellent  agree¬ 
ment  with  the  value  of  0.01  mg.  of  magnesium  per  precipitation 
reported  by  Hoffman  and  Lundell. 

DISCUSSION  OF  RESULTS 

In  general,  the  presence  of  added  salts  effects  a  considerable 
increase  in  the  solubility  of  magnesium  ammonium  phosphate 


hexahydrate.  Ammonium  salts  exert  a  greater  influence  in  th 
respect  than  do  the  corresponding  salts  of  sodium  or  potassiu 
in  equivalent  concentrations.  Molybdate  and  oxalate  anioi 
have  an  unusually  high  solubilizing  effect,  indicating  the  pro' 
able  formation  of  complex  ions.  The  cations  calcium  and  bariu 
also  exhibit  exceptional  behavior. 

However,  the  addition  of  relatively  small  quantities  of  an 
monium  hydroxide  substantially  reduced  the  solubility  of  ma; 
nesium  ammonium  phosphate  in  every  salt  solution  investigatec 
and  with  increasing  additions  of  ammonium  hydroxide  the  soli 
bility  approached  an  insignificant  •  figure.  This  effect  is  - 
greatest  importance  in  relation  to  the  use  of  magnesium  an 
monium  phosphate  as  a  quantitative  gravimetric  precipitate  < 
analysis. 
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Chromatographic  Determination  of  Carotene 

Kieselguhr  as  a  Chromatograph  ic  Adsorbent 

JOHN  B.  WILKES1,  Poultry  Producers  of  Central  California,  San  Francisco,  Calif. 


PHASIC  separation  of  carotene  from  other  pigments  by  the 
use  of  immiscible  solvents  is  now  recognized  as  being  un¬ 
satisfactory  for  quantitative  separation  (9).  For  this  reason, 
chromatographic  methods  of  separating  carotene  from  other 
pigments  present  in  plant  tissues  have  been  increasing  in  popular¬ 
ity,  and  a  number  of  methods  for  determining  carotene  chromato- 
graphically  have  appeared  in  the  literature  in  recent  years.  For 
the  chromatographic  determination  of  total  carotenes  in  routine 
analysis,  an  adsorbent  should  be  inexpensive  and  readily  ob¬ 
tained  commercially;  should  be  easily  packed  into  the  adsorp¬ 
tion  column;  should  not  contract  from  the  column  walls  if  drawn 
dry  of  solvent;  should  not  require  special  activation  or  special 
storage  precautions;  and  should  allow  a  rapid  flow  of  solvent 
through  the  column  and  rapid  development  of  the  chromatogram. 
All  noncarotene  pigments  should  be  adsorbed  and  firmly  held 

1  Present  address,  Department  of  Chemistry,  Stanford  University,  Calif. 


in  the  column,  while  the  carotenes  should  not  be  appreciably  afc 
sorbed  but  should  wash  through  the  column  with  the  solvent. 

Tswett  (15)  introduced  methods  of  analyzing  for  carotene 
based  on  the  fact  that  powdered  sugar,  calcium  carbonate,  am 
inulin  do  not  adsorb  carotenes  but  do  adsorb  the  other  plan 
pigments  from  a  solution  of  the  pigments  in  petroleum  ethei' 
These  adsorbents,  however,  do  not  meet  all  the  requirements 
Powdered  sugar  is  reportedly  the  most  satisfactory,  lacking  onl; 
a  high  flow  rate. 

In  the  search  for  an  adsorbent  meeting  the  above  requirej 
ments  as  far  as  possible,  Kernohan  (7),  working  in  this  labors 
tory,  introduced  soda  ash,  the  properties  of  which  have  recently 
been  described  in  greater  detail  by  Cooley,  Christiansen,  ani 
Schroeder  (5).  More  recently,  various  mixtures  of  Microi 
Brand  magnesium  oxide  with  soda  ash  or  Johns-Manville  Hyfli 
Super-Cel  have  been  introduced  which  have  many  of  the  de( 
sired  properties  (4,  10,  16).  These  mixtures  do  not,  however 
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Heat-treated  diatomaceous  earths,  which  have  been  widely  used  as 
ilter  aids  and  diluents  in  preparing  adsorbents  for  chromatographic 
imposes,  possess  in  themselves  a  large  number  of  the  desired  proper- 
ies  of  adsorbents  for  the  chromatographic  determination  of  carotene. 
Hyflo  Super-Cel  can  also  be  used  in  the  determination  of  crypto- 
anthin  and  probably  in  some  types  of  vitamin  A  analysis.  Some 
lethods  of  extracting  carotene  from  dehydrated  alfalfa  meal  are 
ompared. 


leel  all  requirements,  as  it  is  necessary  to  mix  the  two  materials 
efore  use,  and,  for  the  development  of  the  chromatogram,  to 
loisten  the  adsorbent  in  the  column  with  petroether,  then  to  add 
re  solution  of  plant  pigments  in  petroleum  ether  and  to  adsorb 
le  pigments  on  the  column,  and  finally  to  elute  the  carotenes 
om  the  column  with  a  solution  of  acetone  in  petroleum  ether. 
Soda  ash  has  the  advantages  of  low  cost  and  of  being  used 
ithout  mixing  or  other  preliminary  treatment.  The  solution 
'  plant  pigments  in  petroleum  ether  or  similar  solvent  may  be 
nured  directly  onto  the  dry  column,  and,  as  soda  ash  has  almost 
j  adsorptive  power  for  carotenes,  the  carotenes  are  washed  di- 
ictly  through  the  column  with  petroleum  ether  without  the 
scessity  of  using  special  solvent  mixtures  to  elute  the  carotenes 
ter  adsorption  or  of  separating  the  pigment-free  solvent 
om  the  pigment  solution,  as  is  required  when  eluting  carotenes 
om  mixtures  of  magnesium  oxide  and  Hyflo  Super-Cel.  The 
Isorption  bands  of  noncarotene  pigments  are  not,  however,  as 
larply  defined  on  soda  ash  chromatographic  columns  as  is  some- 
mes  desired.  The  adsorbent  must  be  protected  from  atmos- 
leric  moisture,  and  only  one  technical  grade  of  soda  ash, 
Vyandotte  light  soda  ash,  Wyandotte  Chemical  Corp.,  Michi- 
m  Alkali  Division,  Wyandotte,  Mich.)  has  been  found  to  have 
e  proper  adsorptive  properties. 

Experiments  in  this  laboratory  have  shown  that  heat-treated 
iceous  earths  possess  to  a  large  degree  the  requisite  properties 
an  adsorbent  for  routine  determination  of  carotene,  and  this 
Isorbent  has  been  used  in  this  laboratory  for  the  past  six  years, 
re  commercial  brands  of  Johns-Manville  Hyflo  Super-Cel,  Celite 
H,  Celite  535,  and  Celite  545  have  all  been  found  satisfactory 
r  the  chromatographic  determination  of  carotene.  Hyflo 
iper-Cel  is,  however,  the  strongest  adsorbent  for  the  carotenoid 
gments  and  has  therefore  been  adopted  for  use  in  this  labora¬ 
ry.  Strain  el  al.  (14),  found  that  Celite  501  adsorbed  the 
lorophylls  and  xanthophylls  from  a  petroleum  ether  solution  of 
ant  pigments,  and  used  this  heat-treated  siliceous  earth  for 
e  separation  of  xanthophylls.  They  found  this  adsorbent  use- 
1  because  of  the  clear  separation  of  pigment  bands  and  the  high 
tration  rate  of  the  columns. 

Although  Hyflo  Super-Cel  has  been  widely  used  as  a  diluent 
d  filter  aid  for  other  chromatographic  adsorbents,  apparently 
tie  use  has  been  made  of  its  adsorptive  properties,  though  these 
■ve  been  known  for  some  time  (11,  18).  Used  in  an  adsorp- 
>n  column  in  proper  amounts,  it  separates  almost  all  noncaro- 
ae  pigments  from  a  petroleum  ether  solution  of  plant  pigments, 
lile  allowing  the  carotenes  to  pass  through  the  column  almost 
[adsorbed  (17).  Lycopene,  however,  cannot  be  separated 
>m  carotenes  with  this  adsorbent.  Hyflo  Super-Cel  is  inex- 
nsive,  uniform  in  properties,  and  exceptionally  stable.  After 
mage  in  open  sacks  for  5  years  it  was  found  to  be  as  active  as 
wly  manufactured  material.  Its  rapid  flow  rate  and  other  de- 
able  properties  when  used  in  an  adsorbent  column  are  well 
iown  to  workers  in  this  field.  As  the  heat-treated  siliceous 
rths  are  comparatively  weak  adsorbents,  they  are  more"  strongly 
ected  by  traces  of  polar  solvents,  such  as  acetone  or  methanol, 
an  are  the  mixtures  of  magnesium  oxide  with  Hyflo  Super-Cel. 
Preparation  of  the  pigment  solution  for  chromatographing  de- 
nds  on  the  nature  of  the  material  under  consideration.  Any  of 


the  well-known  methods  of  obtaining  a  solution  of  plant  pigments 
in  hydrocarbon  solvent  may  be  used,  as  indicated  by  the  circum¬ 
stances.  The  method  of  saponification  with  alcoholic  potassium 
hydroxide  and  extraction  of  the  pigments  from  the  alcoholic  solu¬ 
tion  with  petroleum  ether  is  widely  applicable,  though  this 
method  is  generally  being  superseded  by  less  drastic  methods  of 
extraction.  When  polar  solvents  are  used  in  the  extraction  of 
carotene  from  the  material,  special  care  must  be  taken  to  remove 
entirely  the  polar  solvents  from  the  petroleum  ether  solution, 
as  they  will  otherwise  elute  the  adsorbed  pigments  from  the 
chromatographic  column.  Hyflo  Super-Cel  is  especially  well 
adapted  to  the  separation  of  cryptoxanthin  from  carotene  by  the 
method  of  Buxton  (8) ;  the  cryptoxanthin  does  not  pass  through 
the  chromatographic  column,  but  forms  a  band  on  the  column  at 
some  distance  from  any  xanthophylls,  thus  permitting  ready 
separation  and  elution  of  the  cryptoxanthin. 

PROCEDURE 

Extraction  of  Carotene.  In  the  determination  of  the  caro¬ 
tene  content  of  dehydrated  alfalfa  meal,  the  pigment  solution 
may  conveniently  be  prepared  by  the  method  of  Wall  and  Kelley 
(16),  in  which  the  meal  is  refluxed  for  30  minutes  with  a  mixture 
of  acetone  and  petroleum  ether  (Skellysolve  B),  or  by  the  method 
of  Silker,  Schrenk,  and  King  (10),  in  which  the  finely  divided 
sample  is  allowed  to  stand  overnight  in  the  dark  in  a  mixture  of 
acetone  and  Skellysolve  B.  When  low-boiling  petroleum  ether 
(boiling  range  30°  to  60°  C.)  is  used  in  place  of  Skellysolve  B,  a 
somewhat  modified  procedure  is  necessary  to  remove  all  the 
acetone  by  volatilization  prior  to  chromatographing  the  solution. 
Filtration  of  the  sample  before  heating  is,  however,  unnecessary. 
The  modified  procedure  used  in  this  case  is  as  follows: 

One  or  2  grams  of  finely  ground  alfalfa  meal  (preferably 
through  a  40-mesh  screen)  are  weighed  into  a  125-ml.  Erlenmeyer 
flask  and  covered  with  60  ml.  of  a  mixture  of  1  part  of  redistilled 
acetone  to  2  parts  of  petroleum  ether.  The  tightly  stoppered 
containers  are  then  set  aside  in  the  dark  for  at  least  16  to  18  hours, 
usually  overnight,  though  an  extraction  period  up  to  70  hours 
may  be  used  if  desired.  The  solutions  are  decanted  into  300-ml. 
tail-form  beakers,  the  flasks  are  rinsed  twice  with  two  50-ml. 
portions  of  petroleum  ether,  the  beakers  are  placed  on  the  water 
bath,  and  the  solutions  are  evaporated  to  a  volume  of  10  to  15 
ml.  The  solutions  must  not  be  allowed  to  evaporate  to  dryness, 
or  loss  of  carotene  will  occur.  Fifty  milliliters  of  fresh  petroleum 
ether  are  then  added  to  the  beakers,  and  the  solution  is  again 
evaporated  to  a  volume  of  10  to  15  ml.  Forty  milliliters  of  fresh 
petroleum  ether  are  added,  and  the  solution  is  ready  for  chro¬ 
matographing.  The  entire  procedure  of  removing  the  acetone 
requires  about  15  minutes. 

For  routine  control  work,  the  method  of  Kernohan  (7)  may 
often  be  of  use.  A  1-gram  sample  of  finely  ground  alfalfa  meal 
(passes  a  40-mesh  screen)  is  weighed  into  a  125-ml.  Erlenmeyer 
flask,  100  ml.  of  low  boiling  petroleum  ether  are  added,  and  the 
flask  is  tightly  stoppered  and  allowed  to  stand  in  the  dark  for  at 
least  16  hours,  though  it  may  be  allowed  to  stand  for  as  long  as  70 
hours  without  changing  the  results. 

The  solution  is  immediately  ready  for  chromatographing  after 
standing  the  proper  length  of  time.  Results  by  this  method  are 
somewhat  lower  than  by  the  methods  given  above,  as  explained 
below. 

The  solution  of  pigments  may  be  prepared  by  other  methods 
for  materials  to  which  these  methods  cannot  be  applied,  depend¬ 
ing  on  the  nature  of  the  material.  Crude  carotene  solutions 
obtained  by  the  method  of  the  Association  of  Official  Agricultural 
Chemists  (1)  or  by  similar  methods  may  be  purified  chromato- 
graphically.  Care  must  be  taken  to  wash  all  traces  of  alcohol 
from  the  solution  of  the  pigments. 

Chromatographic  Separation  of  Carotene.  The  chro¬ 
matographic  column  is  prepared  by  packing  the  adsorbent 
(Hyflo  Super-Cel)  into  a  glass  column  3.3  cm.  in  diameter  to  a 
height  of  from  15  to  25  cm.  The  adsorbent  packs  readily  into  the 
tube.  When  only  total  carotenes  are  to  be  determined,  it  is 
convenient  to  pack  the  column  by  placing  a  plug  of  cotton  or 
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glass  wool  in  the  bottom  of  the  tube  and  forcing  the  tube  into  a 
container  of  the  adsorbent.  When  enough  adsorbent  is  in  the 
tube,  it  is  pressed  firmly  down  into  the  tube  with  a  plunger. 
This  method  of  preparing  the  adsorption  column  is  unusually 
rapid  and  gives  sufficiently  uniform  packing  to  permit  separation 
of  the  carotenes  from  the  noncarotene  pigments.  When  it  is 
desired  to  remove  some  of  the  adsorbed  pigment  bands,  such  as 
cryptoxanthin  or  vitamin  A,  from  the  column  more  uniform 
packing  of  the  adsorbent  into  the  tube  may  be  obtained  by  add¬ 
ing  successive  small  portions  of  the  adsorbent  to  the  tube,  and 
pressing  the  material  firmly  and  smoothly  into  place  with  a 
plunger. 

The  chromatogram  is  developed  by  placing  the  column  under 
suction  and  pouring  the  solution  of  the  pigments,  including  the 
sample  in  the  case  of  dehydrated  alfalfa  meals  extracted  by 
the  methods  of  Silker,  Schrenk,  and  King  or  of  Kernohan,  onto  the 
top  of  the  column,  allowing  the  solution  to  be  drawn  down  to  the 
top  of  the  column,  and  washing  the  carotene  through  the  column 
with  fresh  petroleum  ether  until  the  petroleum  ether  comes  out 
colorless.  It  is  unnecessary  to  filter  the  sample  from  the  petro¬ 
leum  ether  solution,  as  the  adsorbent  in  the  column  acts  as  an 
excellent  rapid  filter.  The  carotenes  pass  through  the  column 
with  the  petroleum  ether,  are  removed  from  the  receiving  vessel, 
and  are  made  up  to  a  volume  of  200  ml.,  and  the  concentration  of 
carotene  is  determined  colorimetrically.  A  photoelectric  color¬ 
imeter  is  used  in  this  laboratory.  The  total  adsorptive  power  of 
the  column  can  be  varied  by  varying  the  amount  of  adsorbent  in 
the  column. 

When  dehydrated  alfalfa  meal  is  analyzed  by  this  method, 
most  of  the  noncarotene  pigments  are  adsorbed  in  the  first  1  or 
2  inches  of  the  column.  The  additional  length  of  the  column  is 
used  to  separate  certain  noncarotene  pigments  which  are  occa¬ 
sionally  present  in  dehydrated  alfalfa  and  are  weakly  adsorbed. 
These  weakly  adsorbed  pigments  behave  as  carotene  in  the  im¬ 
miscible  solvents  method  (1,  2).  When  appreciable  quantities 
of  fats  are  present  in  the  solution,  the  noncarotene  pigments  are 
less  adsorbed  than  normally,  and  the  longer  column  is  required 
to  give  complete  separation  of  carotene. 

DISCUSSION 

Hyflo  Super-Cel  used  in  the  method  outlined  above  readily 
separates  carotene  from  the  noncarotene  pigments  which  are  sepa¬ 
rated  from  the  carotenes  by  the  immiscible  solvents  method. 
It  also  separates  carotene  from  cryptoxanthin,  xanthophyll  es¬ 
ters,  and  acid  decomposition  products  of  xanthophylls,  none  of 
which  are  extracted  from  petroleum  ether  by  90%  aqueous  meth¬ 
anol,  although  saponification  transforms  the  xanthophyll  esters 
to  the  free  xanthophyll,  which  is  extracted  by  the  90%  aqueous 
methanol.  Hyflo  Super-Cel  is  useful  for  the  determination  of 
carotene  in  ensilage,  but  cannot  be  used  to  determine  carotene 
in  tomatoes  as  it  does  not  separate  the  carotenes  from  lycopene. 
If  a  petroleum  ether  solution  of  crude  carotene  is  prepared  from 
tomatoes  by  the  immiscible  solvents  method  ( 1 ,  2),  and  the  pig¬ 
ment  solution  is  poured  upon  a  column  of  Hyflo  Super-Cel  3.3 
cm.  in  diameter  by  60  cm.  in  length,  and  washed  with  fresh  petro¬ 
leum  ether,  an  upper  red  band  of  lycopene  will  separate  from  a 
lower  band  of  carotene,  both  pigments  being  slightly  adsorbed. 
However,  the  bands  are  too  close  together  to  permit  quantita¬ 
tive  separation  of  the  pigments.  The  adsorptive  power  of  dif¬ 
ferent  lots  of  Hyflo  Super-Cel  varies  slightly.  In  most  instances, 
Hyflo  Super-Cel  will  slightly  adsorb  carotene,  and  the  first  few 
milliliters  of  petroleum  ether  passing  through  the  column  are 
colorless.  In  some  lots,  however,  there  is  no  indication  of  any 
tendency  to  adsorb  carotene. 

Hyflo  Super-Cel  has  only  slight  adsorptive  power  for  vitamin  A 
esters,  and  so  may  be  used  in  place  of  soda  ash  for  the  deter¬ 
mination  of  vitamin  A  in  mixed  feeds  by  the  method  of  Cooley, 
Christiansen,  and  Schroeder.  Strain  (12)  has  observed  that  vita¬ 
min  A  is  moderately  adsorbed  on  Celite  501.  A  similar  condi¬ 
tion  exists  with  Hyflo  Super-Cel.  The  action  of  Hyflo  Super-Cel 
on  vitamin  A  and  vitamin  A  esters  is  shown  by  the  following 
experiments: 

A  0.1-ml.  portion  of  fish  oil  containing  approximately  150,000 
I.U.  of  vitamin  A  per  gram  was  dissolved  in  15  ml.  of  petroleum 


ether.  This  solution  was  adsorbed  in  a  column  of  Hyflo  Super- 
Cel  3.3  cm.  in  diameter  by  25  cm.  in  length,  and  the  columr 
washed  with  petroleum  ether.  When  the  first  drops  of  petroleun 
ether  passed  through  the  column,  the  column  was  examined  b) 
an  ultraviolet  light,  and  showed  a  narrow,  green-fluorescing  banc 
2  to  3  cm.  from  the  bottom  of  the  column.  The  first  portion  o: 
the  petroleum  ether  passing  through  the  column  was  tested  wit! 
Superfiltrol,  and  failed  to  give  the  characteristic  color  reactioi 
for  vitamin  A  ( 8 ,  19).  The  adsorbent  was  removed  from  the 
tube  and  the  portion  containing  the  fluorescing  band  cut  from  the 
column.  This  portion  when  added  to  Super-Filtrol  with  addi- 
tional  petroleum  ether  gave  a  strong  blue  color  indicative  of  the 
presence  of  vitamin  A.  This  is  presumably  vitamin  A  ester 
as  it  is  known  that  vitamin  A  exists  in  fish  oils  primarily  as  the 
ester.  Repetition  of  this  test,  with  continued  washing  of  the 
column  with  petroleum  ether,  showed  that  the  vitamin  A  estei 
was  rapidly  washed  through  the  column  with  petroleum  ether. 

One  milliliter  of  the  oil  previously  used  was  saponified,  and  ar 
aliquot  approximately  equivalent  to  that  used  in  the  previous 
test  was  taken  and  similarly  chromatographed  on  a  column  ol 
Hyflo  Super-Cel.  When  the  first  drops  of  petroleum  ether  passed 
through  the  column,  examination  by  ultraviolet  light  showed  a 
green-fluorescing  band  only  6  cm.  from  the  top  of  the  column 
This  portion  of  the  column  gave  a  positive  test  for  vitamin  A 
with  Superfiltrol.  A  narrow  band  which  fluoresced  green  was 
adsorbed  near  the  top  of  the  column,  but  failed  to  give  a  positive 
test  for  vitamin  A  with  Superfiltrol. 

To  test  the  ability  of  Hyflo  Super-Cel  to  separate  vitamin  A 
from  its  ester,  0.1  ml.  of  the  oil  dissolved  in  15  ml.  of  petroleum 
ether  containing  an  aliquot  of  saponified  fish  oil  was  chromato¬ 
graphed  on  a  column  of  Hyflo  Super-Cel  3.3  cm.  in  diameter  by 
25  cm.  long.-  When  the  first  petroleum  ether  passed  through  the 
column,  examination  by  ultraviolet  light  showed  two  distinct 
green-fluorescing  bands,  separated  from  each  other  by  a  distance 
of  about  5  cm.  The  lower  band,  presumably  of  vitamin  A  ester, 
was  readily  washed  through  the  column,  leaving  the  free  vitamin 
A  in  the  column.  When  a  mixture  of  fish  oil,  saponified  fish  oil, 
and  carotene  was  chromatographed  on  a  column  of  Hyflo  Super- 
Cel  60  cm.  long  by  3.3  cm.  in  diameter,  it  was  possible  to  observe 
separate  bands  of  vitamin  A,  vitamin  A  ester,  and  carotene. 
However,  the  bands  of  vitamin  A  ester  and  carotene  were  so 
close  together  as  to  prevent  ready  separation. 


* 


Table  *1. 

Comparison  of  Chromatographic  and  Immiscible  Solvent! 

Method  of  Determining  Carotene  in  Dehydrated  Alfalfa 

(Hyflo  Super-Cel  adsorbent) 

Sample  Brooke,  Tyler, 

BTB  Method  Followed 

Chromatographic 

No. 

Baker  Method 

by  Adsorption 

Method 

Mg./lOO  g. 

Mg./lOO  g. 

Mg./lOO  g. 

1 

4.9 

4.3 

5.0 

2 

4.1 

3.6 

3.3 

3 

8.2 

7.0 

7.1 

4 

9.7 

8.9 

9.2 

6 

14.1 

12.0 

12.3 

7 

24.0 

21.7 

23.0 

8 

11.0 

10.4 

10.7 

Table  II. 

Comparison  of 

Petroleum  Ether  and 

Petroleum  Ether- 

Acetone  Extraction 

Methods,  Impure  Acetone  Solvent 

Carotene,  Mg.  per  100  grams 

Petroleum,  Ether,. 

Petroleum 

Ether-Acetone, 

Super-Cel  Column. 

Ether- Acetone 

MgO  Super-Cel 

Sample 

Extracted 

Super-Cel  Column,  Column,  Extracted  1 

No. 

16  Hours  64  Hours  Extracted  16  Hours 

64  Hours 

23 

7.6  7.9 

6.2 

1.0 

7.6 

6.7 

3.7 

7.0“ 

24 

6.0  6.2 

3.9 

0.8 

6.0 

6.2 

2.8 

5.7“ 

25 

3.7  3.5 

2.8 

0.6 

3.7 

2.8 

1.0 

3.9“ 

39 

22.0  21.7 

16.6 

6.7 

22.0 

18.4 

12.3 

17.7“ 

41 

24.1  24.1 

17.7 

5.4 

23.8 

19.5 

11.0 

19 . 0“ 

| 

42 

-  25.2  25.8 

21.7 

4.6 

25.8 

19.2 

11.0 

20.7“ 

n  Petroleum  ether-acetone  extracted  samples  not  filtered  before  adding  | 

with  solvent  to  chromatographic  column. 
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3  Although  no  attempt  has  been  made  to  develop  a  method  for 

(ng  these  heat-treated  siliceous  earths  for  the  determination  of 
amin  A,  the  tests  described  above  indicate  the  possibility  of 

I“ih  methods.  A  possible  mode  of  application  to  the  determina- 
n  of  vitamin  A  in  mixed  feeds  would  be  the  preparation  of  a 

Iution  of  carotene  and  vitamin  A  ester  by  the  method  of 
oley,  Christiansen,  and  Schroeder  (-5),  substituting  one  of 
siliceous  earths  for  the  soda  ash  adsorbent  in  their  method, 
lowed  by  saponification  and  separation  of  the  vitamin  A  and 
otene  by  chromatographing  on  Hyiio  Super-Cel  or  Celite 
1.  Because  of  the  speed  with  which  complete  development  of  a 
omatogram  can  be  carried  out  with  these  siliceous  earths,  the 
piirement  of  two  chromatographic  procedures  should  not  be 
duly  burdensome. 


COMPARISON  OF  EXTRACTION  METHODS 


The  method  originally  used  in  this  laboratory  for  the  extrac 
n  of  carotenes  from  dehydrated  alfalfa  meal  preparatory  to 
romatographing  is  that  of  Kernohan  (7),  described  above 
suits  are  very  reproducible.  The  results  obtained  by  this 
'thod,  using  Hyflo  Super-Cel  as  an  adsorbent,  and  by  the  irn- 
scible  solvents  method  as  modified  by  Brooke,  Tyler,  and 
ker  {2),  are  compared  in  Table  I. 

A  number  of  authors  have  shown  that  much  of  the  pigment  de¬ 
ll  mined  as  carotene  in  the  immiscible  solvents  method  is  without 
amin  A  activity.  Kemmerer  and  Fraps  (6)  compared  a  num- 
r  of  methods  of  determining  crude  carotene,  and  found  sig- 
icant  variations  in  the  amount  of  crude  carotene  and  in  the 
lount  of  the  components  possessing  vitamin  A  activity  present 
the  crude  carotene  solutions  prepared  by  each  method.  As  can 
seen  from  Table  I,  results  obtained  by  the  chromatographic 
thod  using  the  extraction  method  of  Kernohan  may  be  either 
;her  or  lower  than  those  obtained  by  the  immiscible  solvents 
thod. 


According  to  Silker,  Schrenk,  and  King  {10),  it  is  not  possible  to 
;ract  all  the  carotene  from  finely  divided  dehydrated  alfalfa 
■al  by  allowing  the  sample  to  stand  in  petroleum  ether  as 
■ommended  by  Kernohan  (7),  but  all  the  carotene  can  be  ex¬ 
isted  by  allowing  the  sample  to  stand  in  a  mixture  of  Skelly- 

•  ve  B  and  acetone  for  16  to  18  hours.  No  data,  however,  are 
|ren  to  confirm  this.  Comparative  tests  of  the  two  methods, 
jd  re-extraction  tests  on  the  alfalfa  residue  remaining  after 
fraction  with  petroleum  ether  alone  by  the  method  of  Kerno- 
In,  have  confirmed  the  claim  that  extraction  with  petroleum 
lier  alone  by  the  method  of  Kernohan  is  incomplete,  and  that 
l;her  results  are  obtained  by  extraction  with  a  mixture  of  petro- 
iim  ether  and  acetone  as  recommended  by  Silker,  Schrenk,  and 
jng  or  by  Wall  and  Kelley  {16). 

I  Experiments  were  also  conducted  to  determine  whether  the 
|  traction  time  of  16  to  18  hours  used  by  Silker,  Schrenk,  and 
|ng  {10)  could  be  lengthened  to  70  hours  without  loss  of  caro- 
»ie.  It  was  found  that  this  longer  extraction  time  is  satis- 
rtory;  thus  this  extraction  method  can  be  used  even  when 
lioratory  work  is  not  conducted  on  the  day  following  the  placing 

•  the  samples  in  the  solvent,  if  special  precautions  are  taken  to 
•sure  the  purity  of  the  acetone. 

tin  the  first  series  of  tests,  somewhat  higher  results  were  ob- 
t  ned  in  some  instances  by  the  extraction  method  of  Silker  et  al. 
•in  by  the  method  of  Kernohan,  but  these  were  found  to  be  due 
I  certain  impurities  which  had  passed  through  the  adsorption 
I  umns.  On  more  thorough  chromatographic  purification, 
|;her  results  were  obtained  with  petroleum  ether  extraction 
bn  by  extraction  for  16  hours  at  room  temperature  with  a  mix- 
t"e  of  20  ml.  of  acetone  and  40  ml.  of  petroleum  ether.  When 
Vs  test  was  repeated,  allowing  the  samples  to  stand  in  contact 
lith  the  solvents  for  64  hours,  similar  amounts  of  carotene  as  in 
1 3  16-hour  extraction  were  found  with  petroleum  ether,  but 
fich  lower  and  erratic  results  were  obtained  with  the  mixed 


solvents,  as  shown  in  Table  II.  Loss  by  oxidation  rather  than 
incomplete  extraction  appears  to  cause  the  low  results  by  the 
latter  method. 

The  acetone  used  in  these  tests  was  commercial  c.p.  acetone. 
As  this  seemed  the  probable  source  of  oxidation,  steps  were  taken 
to  purify  the  acetone.  Distillation  of  a  similar  batch  of  acetone 
from  an  ordinary  distilling  flask  showed  it  to  have  a  boiling  range 
of  from  50  °  to  70  °  C.  The  fraction  boiling  from  56.5  °  to  57.3  °  C., 
about  half  the  total  acetone,  was  taken  for  all  further  tests.  Strain 
and  Manning  {13)  recommend  the  addition  of  0.5%  redistilled  di¬ 
methyl  aniline  to  solvents  used  in  extracting  carotenoids  from 
plant  material  in  order  to  neutralize  plant  acids  during  extractions, 
to  counteract  acidity  which  might  otherwise  develop  upon  the 
adsorption  columns,  and  to  minimize  pigment  oxidation.  As  di¬ 
methyl  aniline  was  not  readily  available,  tests  of  an  antioxidant 
were  conducted  by  adding  0.200  gram  of  hydroquinone  to  some  of 
the  samples  extracted  by  mixtures  of  acetone  and  petroleum  ether. 


Table  III.  Comparison  of  Hyflo  Super-Cel  with  Magnesia-Hyflo 
Super-Cel  Mixture  as  Chromatographic  Adsorbents 


Carotene,  Mg.  per  100  Grams 


Sample 

No. 

Extracted  with 
Petroleum  Ether 
MgO  Super-Cel 

Extracted  with 
Acetone  and 
Petroleum  Ether 
MgO  Super-Cel 

Extracted  with 
Acetone,  Petroleum 
Ether,  and  Hydro¬ 
quinone 

MgO  Super-Cel 

2 

3.0 

3.3 

3.4 

3.2 

4.3 

4.4 

4.4 

4.3 

3 

6.7 

6.7 

6.7 

7.6 

7.4 

7.6 

7.0 

7.9 

7.4 

4 

8.9 

8.9 

9.2 

9.2 

9.2 

9.5 

8.9 

9.2 

9.7 

5 

12.3 

12.0 

12.7 

14.1 

12.5 

14.1 

14.1 

14.1 

6 

12.3 

12.3 

12.3 

13.9 

15.5 

13.6 

13.3 

14.1 

The  use  of  hydroquinone  to  diminish  oxidation  of  carotene  is  well 
known.  Because  of  its  acid  properties  hydroquinone  cannot  be 
considered  a  complete  substitute  for  dimethyl  aniline,  and  its 
use  would  be  inadvisable  with  any  but  dehydrated  materials. 
As  hydroquinone  is  insoluble  in  petroleum  ether,  it  precipitates 
upon  evaporation  of  the  acetone,  and  thus  is  removed  from  the 
solution.  If  the  hydroquinone  were  not  removed,  it  would  tend 
to  elute  the  adsorbed  pigments  from  the  chromatogram,  making 
separation  of  the  carotene  from  the  noncarotene  pigments  dif¬ 
ficult.  This  effect  was  somewhat  noticeable  when  the  magnesia 
adsorbent  was  used  and  the  carotene  eluted  with  a  mixture  of  - 
4%  acetone  in  petroleum  ether. 

Some  of  the  results  obtained  by  extracting  with  mixtures  of 
petroleum  ether  and  acetone  containing  added  hydroquinone  as 
compared  to  extracting  with  mixtures  lacking  the  hydroquinone 
are  shown  in  Tables  III  and  IV.  These  results  are  inconclusive, 
and  show  no  particular  advantage  to  be  gained  from  the  use  of 
hydroquinone.  Unfortunately,  the  lot  of  acetone  believed  to 
have  caused  thq  oxidation  of  carotene  was  entirely  used  in  the 
preliminary  determinations,  and  further  lots  of  acetone  which 
were  not  redistilled  failed  to  show’  low  results  when  used  in  ex¬ 
tracting  dehydrated  alfalfa  meal.  The  addition  of  hydroqui¬ 
none,  dimethyl  aniline,  or  other  suitable  antioxidant  should,  how¬ 
ever,  be  a  useful  precaution  against  oxidation  when  plant  pig¬ 
ment  is  extracted  by  allowing  plant  material  to  stand  in  contact 
with  the  solvents  for  a  considerable  period  of  time.  Redistilled 
dimethyl  aniline  as  recommended  by  Strain  and  Manning  should 
be  preferable  to  hydroquinone,  as  the  dangers  of  an  acid  reaction 
would  be  lacking. 

Tests  w’ith  the  redistilled  acetone  in  the  various  extraction 
methods  were  again  conducted  (Tables  III  and  IV).  These  re- 
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suits  show  clearly  that  higher  results  are  obtained  with  the  ex¬ 
traction  method  of  Silker,  Schrenk,  and  King  than  with  the 
method  of  Kemohan.  Table  III  also  shows  that  comparable  re¬ 
sults  are  obtained  using  Hyflo  Super-Cel  as  an  adsorbent  in  the 
place  of  the  more  complicated  Hyflo  Super-Cel-magnesium 
oxide  mixture.  Table  IV  shows  the  results  of  tests  of  other 
methods  of  extraction  and  different  times  of  extraction.  The 
results  in  Table  IV  were  obtained  over  a  period  of  approximately 
3  weeks,  during  which  time  the  samples  were  stored  in  the  dark  at 
room  temperature,  so  that  some  of  the  differences  in  carotene 
content  shown  are  due  to  loss  of  carotene  in  the  samples  during 
storage.  In  the  method  of  Wall  and  Kelley  (16),  1-gram  samples 
of  dehydrated  alfalfa  meal  were  refluxed  for  45  minutes  with  a 
mixture  of  30  ml.  of  acetone  and  70  ml.  of  low-boiling  petroleum 
ether.  The  time  of  refluxing  was  15  minutes  more  than  that  rec¬ 
ommended  by  Wall  and  Kelley,  and  was  increased  by  this  amount 
to  compensate  for  the  lower  boiling  temperature  caused  by  using 
low-boiling  petroleum  ether  in  place  of  Skellysolve  B  in  the 
mixed  solvent.  Results  obtained  by  this  method  were  very  simi¬ 
lar  to  those  obtained  by  the  method  of  Silker,  Schrenk,  and  King. 

To  test  for  the  completeness  of  extraction  by  the  method  of 
Kernohan,  2.5-gram  samples  of  dehydrated  alfalfa  meal  were 
extracted  for  20  hours  at  room  temperature  with  150  ml.  of  low- 
boiling  petroleum  ether  in  a  250-ml.  Erlenmeyer  flask.  The 
samples  were  filtered  off  into  Gooch  crucibles,  and  thoroughly 
washed  with  petroleum  ether.  The  remaining  sample  was  then 
treated  by  hot  saponification  and  the  carotene  content  deter¬ 
mined  by  the  immiscible  solvents  method  of  Brooke,  Tyler,  and 
Baker  (2).  A  portion  of  the  crude  carotene  solution  so  obtained 
was  chromatographed  on  a  column  of  Hyflo  Super-Cel  3.3  cm. 
in  diameter  by  15  cm.  in  height  to  remove  noncarotene  pigments. 

Table  IV  shows  that  carotene  was  not  completely  extracted  by 
petroleum  ether,  thus  confirming  the  results  obtained  in  compar¬ 
ing  carotene  determinations  made  by  this  method  with  those 
made  with  other,  more  recently  developed  extraction  methods. 
However,  in  view  of  the  fact  that  approximately  10  to  25%  of  the 
carotene  determined  by  the  various  abridged  chromatographic 
methods  has  no  vitamin  A  activity  (6) ,  the  extraction  method  of 
Kernohan  may  be  useful  under  certain  conditions  for  routifie 
control  work  on  dehydrated  alfalfa  meals,  as  it  enables  rapid 
estimation  of  the  vitamin  A  activity  of  this  material,  often  with 
an  accuracy  comparable  to  other  methods  of  determining  the 
vitamin  A  activity  from  the  carotene  content. 

EFFECT  OF  POLAR  SOLVENTS 

In  preliminary  experiments  in  the  comparison  of  the  extrac¬ 
tion  methods  of  Kernohan  and  of  Silker,  Schrenk,  and  King,  using 
acetone  that  was  not  redistilled,  the  petroleum  ether-acetone 
extraction  gave  higher  results  than  petroleum  ether  extraction 
for  the  old  samples  of  alfalfa,  and  slightly  lower  results  for  the 
newly  dehydrated  samples.  During  the  analysis,  part  of  a  gray- 
colored  band  was  observed  to  pass  into  the  solution  of  carotenes 
obtained  by  chromatographing  the  solution  from  the  petroleum 
ether-acetone  extraction.  This  band  had  an  orange-red  fluores¬ 
cence  under  the  light  from  a  General  Electric  mercury  projector 
spotlight  which  was  equipped  with  a  filter  to  transmit  primarily 
ultraviolet  light.  Comparison  of  the  appearance  under  this 
light  of  the  carotene  solutions  prepared  by  chromatographing 
the  solutions  from  the  petroleum  ether  extraction  and  the  petro¬ 
leum  ether-acetone  extraction  showed  that  the  latter  had  a  faint 
reddish  fluorescence  not  present  in  the  solution  prepared  from 
samples  extracted  by  petroleum  ether  alone. 

To  analyze  solutions  obtained  by  extraction  with  the  mixed 
solvents,  special  care  was  given  to  removing  all  the  acetone  from 
the  solutions  before  chromatographing,  and  the  columns  of  Hyflo 
Super-Cel  used  were  25  cm.  long.  Under  these  conditions,  none 
of  the  gray  band  passed  through  the  column,  and,  upon  following 
the  progress  of  the  bands  through  the  adsorption  column  with 


Table  IV.  Effect  of  Extraction  Methods  on  Carotene  Content  < 
Dehydrated  Alfalfa  Meals  Determined  Chromatographically  wi 
Hyflo  Super-Cel  Adsorbent 

Carotene,  Mg.  per  100  Grama 


No.  2 

No.  3 

No.  4 

No.  5 

No. 

1 

90  hours  with  petroleum  ether  at 

6.7 

8.9 

13.0 

14.: 

room  temperature 

.  .  . 

6.7 

8.9 

13.3 

14.: 

2 

Petroleum  ether,  20  hours  at 

3.3 

6.7 

9.2 

12.0 

12.; 

room  temperature 

3.3 

6.7 

9.2 

12.7 

12.; 

3 

Acetone-petroleum  ether  mix- 

4.4 

8.9 

9.7 

15.2 

15. ( 

ture,  20  hours  at  room  tem¬ 
perature 

4.4 

8.2 

10.0 

15.7 

15.; 

4 

Acetone-petroleum  ether  mix- 

7.6 

9.2 

14.1 

14.: 

ture,  90  hours  at  room  tem¬ 
perature 

7.6 

9.2 

14.7 

is.; 

5 

Acetone-petroleum  ether-hydro- 

7.6 

9.7 

15.2 

16.; 

quinone,  90  hours  at  room  tem¬ 
perature 

7.6 

9.7 

16.3 

16.; 

6 

Wall  and  Kelley  method,  reflux 

4.4 

8.2 

10.0 

15.5 

15.1 

with  acetone-petroleum  ether 

4.4 

8.9 

7 

Residue  from  petroleum  ether  ex- 

0.72 

0.96 

0.80 

1.32 

1.2 

traction  by  immiscible  solvents 
method 

8 

Method  7  followed  by  adsorption 

0.32 

0.40 

0.28 

0.80 

0.{ 

on  Hyflo  Super-Cel 

9 

Sum  of  methods  2  and  7 

4.02 

7.66 

10.0 

13.67 

13. { 

ultraviolet  light,  it  was  found  that  a  colorless,  orange-red  fluores 
cing  band  was  adsorbed  below  the  gray  band  and  did  not  pas 
through  the  column.  The  final  carotene  solutions  did  no 
fluoresce  red  after  this  treatment  of  the  extract.  The  colories 
band  showing  the  orange-red  fluorescence  was  removed  from  th 
chromatographic  column  and  eluted  with  acetone.  The  materia 
when  concentrated  was-  found  to  be  slightly  yellow  in  coloi 
The  pigment  was  transferred  to  petroleum  ether  which  wa 
washed  free  from  acetone.  It  was  then  found  that  this  materia 
could  not  be  extracted  from  petroleum  ether  with  90%  aqueou 
methanol  solution. 

Further  experiments  with  modifications  of  the  method  of  re 
moving  the  acetone  from  the  petroleum  ether  and  acetone  mixtur 
led  to  the  development  of  the  method  recommended  under  Pro 
cedure.  With  this  method,  the  fluorescent  band  remains  firm! 
held  near  the  top  of  a  column  of  Hyflo  Super-Cel  only  15  cm 
long,  and  no  danger  of  contamination  of  the  solution  of  catotene 
exists.  In  this  case,  several  extremely  narrow  bands  of  yellov 
pigment  often  appear  below  the  fluorescent  band.  It  is  recom 
mended,  however,  as  a  matter  of  routine  precaution,  that  al 
carotene  solutions  prepared  when  acetone  is  used  as  a  solvent  ant 
Hyflo  Super-Cel  as  an  adsorbent  be  checked  for  fluorescence. 

The  effects  of  a  solution  of  4%  acetone  in  petroleum  ether  ii 
eluting  carotenoid  pigments  from  a  chromatographic  column  o 
Hyflo  Super-Cel  were  tested,  using  a  chromatogram  which  hac 
been  developed  from  a  petroleum  ether  extract  of  high-gradt 
alfalfa  meal.  In  this  instance,  all  visible  and  fluorescent  pig¬ 
ments  were  firmly  adsorbed  in  the  top  5  cm.  of  a  25-cm.  column. 
On  percolating  the  petroleum  ether-acetone  mixture  through 
the  column,  the  chlorophylls  and  some  yellow  pigments  remained 
firmly  adsorbed  in  the  column,  moving  downward  only  slightly. 
Three  bands  separated  from  these  strongly  adsorbed  pigments  and 
moved  down  the  column  rapidly:  a  lower  yellow  band,  an  inter¬ 
mediate  gray,  and  an  upper  yellow.  The  mixed  pigments  con¬ 
tained  in  the  two  lower  bands  were  separated  from  the  upper 
yellow  band.  The  mixed  pigments  of  the  lower  yellow  band  and 
the  gray  band  were  not  extracted  from  petroleum  ether  by  90% 
aqueous  methanol  solution.  The  solution  fluoresced  red  in 
ultraviolet  light.  The  pigment  solution  was  allowed  to  stand 
overnight  in  contact  with  a  methanolic  sodium  hydroxide  solu¬ 
tion,  the  pigment  was  extracted  from  the  methanol  with  petro¬ 
leum  ether,  and  the  petroleum  ether  solution  was  extracted 
with  90%  methanol.  The  remaining  petroleum  ether  solution 
was  a  clear  yellow  color,  and  showed  no  fluorescence  in  ultra¬ 
violet  light.  It  therefore  appears  that  this  pigment  is  one  of  the 
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nterfering  pigments  in  the  method  of  immiscible  solvents.  The 
jpper  yellow  band  from  the  chromatogram  was  readily  extracted 
tom  petroleum  ether  solution  by  90%  aqueous  methanol,  and 
vas  probably  a  xanthophyll. 

These  preliminary  experiments  indicate  that  the  use  of  dilute 
idution  of  polar  solvent  in  petroleum  ether  offers  a  rapid  method 
)f  separating  small  quantities  of  noncarotene  pigments  having 
lolubility  relations  similar  to  those  of  carotene. 

SUMMARY 

Heat-treated  kieselguhr,  especially  Johns-Manville  Hyflo 
luper-Cel,  is  an  excellent  chromatographic  adsorbent  for  the 
outine  determination  of  total  carotenes,  and  can  also  be  used  in 
he  separation  of  cryptoxanthin  from  carotene.  Preliminary 
ests  indicate  that  this  adsorbent  may  be  applicable  to  the  sepa- 
ation  of  vitamin  A  from  carotenoids,  and  so  may  be  useful  in  the 
letermination  of  vitamin  A  in  certain  instances. 

Tests  have  confirmed  claims  that  extraction  of  carotene  from 
lehydrated  alfalfa  meal  with  mixtures  of  petroleum  ether  and 
|.cetone  gives  more  complete  extraction  than  extraction  by  al- 
3 wing  the  meal  to  stand  in  contact  with  petroleum  ether  for  16 
.ours  or  more.  The  latter  method,  however,  gives  consistent 
esults  and  should  frequently  be  useful  for  routine  control  work  on 
i.ehydrated  alfalfa  meal. 

The  chromatographic  method  described  is  unusually  rapid  and 
equires  minimum  manipulation,  thus  reducing  chances  for  error 
|nd  enabling  easy  training  of  operators.  As  the  adsorbent  does 


not  shrink  from  the  walls  of  a  chromatographic  column  if  drawn 
dry  of  solvent,  it  is  especially  convenient  when  batteries  of 
chromatographic  columns  are  used. 
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Molecular  Distillation  as  a  Step  in  the  Chemical 
Determination  of  Total  and  Gamma-Tocopherols 

MARY  L.  QUAIFE  and  PHILIP  L.  HARRIS 
Distillation  Products,  Inc.,  Rochester,  N.  Y. 


METHOD  for  quantitatively  concentrating  tocopherols 
from  lipides  is  much  needed  in  the  vitamin  E  analysis  of 
hany  natural  products.  Such  a  procedure  is  desirable  especially 
hr  fats  and  oils  of  low  tocopherol  content,  to  enable  the  use  of 
thanol  as  the  solvent  in  the  colorimetric  measurement  of  tocoph- 
kols  and  to  avoid  the  possible  inhibiting  effect  (7)  of  fats  on 
he  color  development  in  the  Emmerie-Engel  reaction.  The  au- 
lors  have  found  that  distillation  of  the  extracted  lipide  under 
>w  pressure  in  a  simple  molecular  still  effects  quantitative  sepa- 
ition  of  as  little  as  60  micrograms  of  tocopherols  from  1  gram  of 
jit.  The  distillate,  usually  15  to  20  mg.  in  total  weight,  contains 
le  tocopherols  in  a  sufficiently  concentrated  form  for  colorimet- 
c  assay  purposes.  In  addition,  all  of  the  chlorophyll  and  much 
f  the  carotenoids  remain  in  the  residue. 

!  Dam  and  associates  (2,  4)  have  reported  quantitative  recover- 
8  by  molecular  distillation  of  a-tocopherol  added  to  nonsaponi- 
able  matter  at  a  level  about  3%.  Their  standardized  distillation 
onditions  were  100  °  C.  at  l/i  pressure  for  30  minutes.  However, 
ver,  in  the  authors’  laboratory,  in  order  to  avoid  saponification  it 
as  necessary  to  distill  fats  containing  only  0.006  to  0.2%  tocoph- 
•ols.  For  this  concentration  range  quantitative  separation  is 
ihieved  in  the  apparatus  described  below  by  distilling  at  215° 
I)  220  °  C.  .at  l/i  or  less  for  30  minutes. 

1  Saponification,  which  would  appear  to  be  the  proper  procedure 
t  concentrating  tocopherols  from  lipides,  has  not  proved  satis- 
tctory  for  fats  of  low  tocopherol  content.  Tocopherols  at  levels 
imparable  to  those  occurring  in  animal  fats — e.g.,  60  micro- 
1-ams  per  gram— have  been  recovered  to  the  extent  of  only  60  to 


70%.  Saponification  has  been  conducted  in  a  closed  system  un¬ 
der  nitrogen,  according  to  directions  given  by  Chipault  et  al.  ( 1 ) 
with  the  use  of  pyrogallol  as  an  antioxidant,  or  with  a  minimum 
of  alkali  and  exposure  to  heat,  without  affording  full  recoveries. 
Separation  by  adsorption  of  tocopherols  on  alumina  has  also  failed 
to  give  quantitative  results  in  preliminary  trials.  On  the  other 
hand,  complete  recovery  has  been  obtained  by  the  method  de¬ 
scribed  here. 

EXPERIMENTAL 

A  diagram  of  the  distillation  apparatus  is  shown  in  Figure  1. 

Procedure.  The  fat  sample,  1  gram  or  less,  is  weighed  into 
the  aluminum  cup,  melted  if  necessary  to  form  a  thin  film  and 
placed  in  the  still.  Aluminum  strips  are  attached  to  the  cup 
merely  for  ease  of  handling.  The  sample  is  degassed  by  closing 
the  still  with  a  large  rubber  stopper  and  reducing  the  pressure  to 
less  than  l/i  at  room  temperature.  This  minimizes  splashing  of 
the  sample  in  the  subsequent  distillation.  The  pressure  is  re¬ 
stored  to  atmospheric,  and  without  delay  the  condenser  is  inserted 
and  the  pressure  reduced  again  to  1«.  The  condenser  is  then 
filled  with  acetone  and  dry  ice.  The  surface  of  the  oil  in  the  bath 
is  adjusted  level  with  the  bottom  of  the  condenser.  The  temper¬ 
ature  of  the  bath  is  raised  rapidly  to  220  °  C.  and  maintained  at 
215  °  to  220  °  C.  for  30  minutes  while  distillation  takes  place.  Then 
the  oil  bath  is  removed  and  the  still  is  allowed  to  cool  to  room 
temperature  under  vacuum.  The  condenser  is  removed  carefully 
from  the  still  and  the  distillate  washed  off  quantitatively  with 
chloroform  and  transferred,  by  means  of  evaporation  under  ni¬ 
trogen,  to  a  known  volume  of  absolute  ethanol.  Separate  portions 
of  the  sample  are  used  for  the  analyses  of  total  tocopherols  and  y- 
tocopherol. 
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RESULTS  AND  CONCLUSIONS 

Recovery  experiments  were  performed  in  which  7-tocopherol 
was  added  to  lard  in  amounts  varying  from  0.06  to  2.0  mg.  per 
gram.  The  base  values  of  the  lard,  given  in  Table  II,  were  27 
micrograms  per  gram  of  total  tocopherols  and  less  than  4  micro¬ 
grams  per  gram  of  7-tocopherol.  No  further  tocopherols  were 
found  with  exhaustive  distillation  for  3  hours  or  on  raising  the 
temperature  to  230°  C.  The  values  shown  in  Table  I  are  the  re¬ 
sults  of  duplicate  distillations  and  analyses.  The  range  of  recov¬ 
ery  values  is  between  92  and  102%.  Gamma-tocopherol  values 
are  shown  because  of  their  specificity;  however,  Emmerie-Engel 
results  for  total  tocopherols  also  show  excellent  recoveries.  Gam¬ 
ma-tocopherol  was  measured  by  use  of  the  Quaife  method  (8)  as 
modified  by  Weisler  (11).  This  procedure  involves  coupling  of 
7-tocopherol  with  a  diazo  compound  to  form  a  red  dye;  a-  and  /3- 


Table  1.  Recovery  of  7-Tocopherol  by  Molecular  Distillation 


7-Tocopherol  Added 
to  1  Gram  of  Larda 


Recovery  after 
Distillation 


Mg. 


% 


0.06 

0.12 

0.25 

0.50 

1.00 

2.00 


92 
95 

101 

99 

93 
102 


Av.  recovery  97 


a  This  contained  27  micrograms  per  gram  of  total  tocopherols  and 
<  4  micrograms  per  gram  of  7-tocopherol  according  to  distillation  analysis. 


Table  II.  Tocopherol  Content  of  Fats  Determined  on  Molecular 
Distillates  of  Samples  of  1  Gram  or  Less" 

Tocopherol  Content 


Material  Distilled 

Total 

Gamma 

7 /gram 

Margarine,  clarified^ 

544 

260 

Lard 

27 

<  4  . 

Carrot  oil  (from  fresh  carrot  0.3%  oil) 
Cottonseed  oil,  refined 

1,620 

0 

Sample  1 

726 

313 

Sample  2 

901 

345 

Egg  lipide  (from  whole  egg,  11.5%  lipide) 

130 

44 

Olive  oil 

69 

a  No  attempt  has  been  made  to  use  samples  larger  than  1 

gram.  A  larger 

sample  in  the  present  apparatus  might  form  too  thick  an  oil  film  for  molecular 
distillation.  The  still  could  be  enlarged  to  accommodate  a  larger  sample. 
b  Bioassayed  for  vitamin  E  activity. 


tocopherols  do  not  react.  Total  tocopherols  were  determine! 
colorimetrically  by  the  Emmerie-Engel  reaction  (3)  according  t< 
the  technique  previously  described  (10). 

The  procedure  has  been  applied  to  a  variety  of  food  fats,  ; 
representative  selection  of  which  is  shown  in  Table  II.  Distillate 
in  which  carotenoids  were  known  to  be  present  were  hydrogenate! 

(9)  before  assaying  for  tocopherols.  The  lard  distillates  wer 
found  to  be  free  of  substances  which  inhibit  color  development  0 
the  Emmerie-Engel  reaction  (7).  The  clarified  margarine  sampl 
was  bioassayed  (Miss  Marion  Ludwig  performed  the  bioassay 
and  found  to  contain  vitamin  E  activity  equivalent  to  0.32  mg.  0 
d,  a-tocopherol  per  gram.  Chemical  determination  showed  0.54 
mg.  per  gram  of  total  tocopherols,  of  which  48%  is  7-tocopherc 
and  the  remainder  probably  a-tocopherol.  This  is  in  good  agree 
ment  with  the  bioassay  result.  Previous  findings  (5,  6)  relativ 
to  the  sparing  action  of  7-tocopherol  on  a-tocopherol  in  bioassa; 
tests  suggest  that  this  mixture  of  0.284  mg.  of  a-tocopherol  plu 
0.260  mg.  of  7-tocopherol  would  give  the  same  biological  respons 
as  0.3  to  0.4  mg.  of  d,  a-tocopherol  alone. 

Experience  with  the  method  described  leads  to  the  belief  tha 
most  naturally  occurring  fats  and  lipide  extracts  can  be  analyze! 
for  tocopherols  using  the  intermediate  step  of  distillation.  It  i 
planned  to  survey  common  foods  for  total  tocopherol  and  for  7 
tocopherol  content  and  to  compare  the  results  with  bioassays  i) 
selected  cases. 
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Kjeldahl  Determination  of  Nitrogen 

Elimination  of  the  Distillation 

KALMAN  MARCALI  AND  WILLIAM  RIEMAN  III,  School  of  Chemistry,  Rutsers  University,  New  Brunswick,  N.  J. 


(NHO2SO4  +  2NaOH  - 
4NH,  +  6CH20 


Store  in  an  alkali-resistant  glass  container  protected  from  the 
atmosphere  by  an  Ascarite  tube. 

Concentrated  Sulfuric  Acid,  c.p.,  specific  gravity  1.84. 
Potassium  Sulfate  Crystals,  Baker’s  c.p. 

Methyl  Red,  0.004  M  (0.1%).  Dissolve  0.25  gram  of  indicator 
in  250  ml.  of  alcohol. 

Phenolphthalein,  0.03  M  (1%).  Dissolve  2.5  grams  of  indi¬ 
cator  in  250  ml.  of  alcohol. 

Neutral  Formaldehyde  Solution,  approximately  18%.  Dilute 
45  ml.  of  Merck’s  reagent-grade  formaldehyde  (36  to  38%)' with 
an  equal  volume  of  water.  Add  2  drops  of  0.03  M  phenolphtha¬ 
lein  and  neutralize  with  0.1  A  sodium  hydroxide  to  the  first  de¬ 
tectable  pink  color.  This  solution  should  be  prepared  just  before 
it  is  used. 

Sodium  Bromide  Solution,  60%.  Dissolve  150  grams  of 
Merck’s  reagent  chemical  in  water  and  dilute  to  250  ml. 

Mercuric  Oxide,  reagent  grade. 

Eleven  organic  compounds  were  purified  by  repeated  crystal¬ 
lization  till  a  constant  sharp  melting  point  was  obtained.  The 
compounds  were  dried  to  constant  weight  in  vacuo  in  an  Abder- 
halden  dryer  containing  phosphorus  pentoxide  in  the  bulb. 

PROCEDURE 

Weigh  accurately  a  sample  that  will  yield  approximately  4 
milliequivalents  of  nitrogen  and  transfer  directly  into  a  500-ml. 
29/42  standard-taper  round-bottomed  Pyrex  flask.  This  flask 
is  fitted  with  a  20-cm.  (8-inch)  removable  neck  and  serves  for 
both  digestion  and  titration.  Add  10  grams  of  anhydrous  po¬ 
tassium  sulfate,  0.6  to  0.7  gram  of  mercuric  oxide,  and  15  ml.  of 
concentrated  sulfuric  acid.  Put  the  neck  of  the  flask  in  place, 
shake  the  mixture,  and  heat  it  in  a  fume  chamber  below  the  boiling 
point  until  frothing  ceases.  Then  increase  the  heat  so  that  the 
solution  boils  gently.  If  necessary,  replace  the  sulfuric  acid  that 
has  boiled  off,  but  take  care  that  the  quantity  of  acid  in  the  flask 
at  the  end  of  the  digestion  does  not  exceed  15  ml.  Continue  the 
heating  with  sulfuric  acid  until  the  solution  turns  colorless  and 
then  20  minutes  longer.  Cool  the  flask  to  at  least  50  °,  carefully 
add  50  ml.  of  water,  and  swirl  the  flask  until  the  solid  material 
has  dissolved  completely.  Add  10  ml.  of  60%  sodium  bromide, 
then  2  drops  of  methyl  red.  Neutralize  the  excess  sulfuric  acid 
with  10  A  sodium  hydroxide  till  the  methyl  red  begins  to  change 
color.  Now  boil  the  solution  gently  for  3  minutes  to  expel  carbon 
dioxide,  cool  to  room  temperature,  and  add  10  A  alkali  dropwise 
till  the  solution  is  just  yellow.  Next  add  A  sulfuric  acid  dropwise 
till  the  pink  color  is  restored.  Then  add  the  standard  0.1  A 
sodium  hydroxide  from  a  buret  to  the  methyl  red  end  point. 
Read  the  buret. 

Add  30  ml.  of  18%  formaldehyde  solution.  At  this  point,  the 
solution  may  become  slightly  pink.  Disregard  this,  and  con¬ 
tinue  the  titration  till  the  solution  is  yellow  again.  Add  8  drops  of 
phenolphthalein  and  complete  the  titration  to  the  first  distinct 
pink  color.  The  alkali  used  between  the  methyl  red  and  phenol- 
REAGENTS  phthalein  end  points  is  equivalent  to  the  nitrogen  present. 

When  more  than  17  ml.  of  concentrated  sulfuric  acid  must  be 
neutralized  before  titration  of  the  ammonium  salt,  sufficient 
silica  is  introduced  as  an  impurity  in  the  sodium  hydroxide  to 
buffer  the  solution  at  the  phenolphthalein  end  point  and  thus  pre¬ 
vent  a  sharp  color  change.  Therefore  it  is  suggested  that  no  more 


An  acidimetric  macroprocedure  is  described  for  determining  nitrogen 
without  a  distillation.  The  ammonium  ion  is  titrated  with  standard 
sodium  hydroxide  in  the  presence  of  formaldehyde. 

ARTMANN  and  Skrabal  ( 1 )  and  Rupp  and  Rossler  (7)  have 
shown  that  ammonia  can  be  accurately  determined  by  oxi¬ 
dation  to  nitrogen  in  alkaline  solution  by  means  of  standard 
hypobromite  solution,  the  excess  of  the  latter  being  determined 
by  adding  potassium  iodide  and  acid  and  titrating  the  liberated 
iodine  with  thiosulfate.  Willard  and  Cake  ( 8 )  and  more  recently 
Haanappl  (5)  have  used  this  method  to  eliminate  the  distillation 
in  the  Kjeldahl  determination.  This  procedure  has  one  serious 
disadvantage:  The  alkaline  hypobromite  solution  employed  to 
oxidize  the  ammonia  must  be  kept  between  0°  and  5°,  since  it  is 
unstable  at  room  temperature. 

Ammonia  reacts  rapidly  with  formaldehyde  to  form  hexa¬ 
methylenetetramine,  which  has  very  weakly  basic  properties 
(6)  (Kb  =  8.0  X  10“ 10).  Therefore  ammonium  salts  may  be 
sharply  titrated  in  the  presence  of  formaldehyde  with  sodium 
hydroxide  and  phenolphthalein  indicator.  Kolthoff  ( 5 )  has 
found  that  the  reaction  between  ammonia  and  an  excess  of  formal¬ 
dehyde  goes  so  rapidly  that  the  titration  may  be  made  directly— 
i.e.,  without  excess  of  alkali.  This  reaction  has  been  employed 
in  the  present  modification  of  the  Kjeldahl  procedure. 

The  proposed  method  consists  essentially  of  three  steps:  (1) 
The  usual  destruction  of  the  organic  matter  by  oxidation  with  hot 
concentrated  sulfuric  acid  in  the  presence  of  potassium  sulfate 
and  a  mercury  catalyst.  (2)  Neutralization  of  the  excess  sul¬ 
furic  acid  with  approximately  10  A  alkali  to  the  methyl  red  end 
point.  Sodium  bromide  is  present  during  the  neutralization  to 
form  a  complex  and  thus  prevent  the  precipitation  of  mercury 
compounds. 

Hg++  +  4Br_  — >  HgBr4 

(3)  Titration  of  the  ammonium  salt  with  standard  0.1  A  sodium 
hydroxide  to  the  phenolphthalein  end  point  in  the  presence  of 
formaldehyde. 


->  Na2SOt  +  2H20  +  2NH, 


->  (CH2)iN4  +  6H,0 


Sodium  Hydroxide  Solution,  50%.  Dissolve  600  grams  of 
sodium  hydroxide  (Baker’s  c.p.  pellets,  0.004%  silica)  in  600  ml. 
of  water.  Let  the  solution  stand  several  days  in  a  paraffin-lined 
rubber-stoppered  bottle  and  decant  the  clear  supernatant  liquid. 

Standard  Sodium  Hydroxide 
Solution,  0.1  A.  Dilute  ap¬ 
proximately  8  grams  of  con¬ 
centrated  (50%)  carbonate- 
free  sodium  hydroxide  solution 
to  1  liter  with  equilibrium 
water.  Standardize  against 
potassium  biphthalate.  Store 
in  an  alkali-resistant  glass  con¬ 
tainer  protected  from  the 
atmosphere  with  an  Ascarite 
tube. 

Sodium  Hydroxide  Solution, 
approximately  10  A.  Dilute 
about  800  grams  of  concen¬ 
trated  (50%)  carbonate-free 
sodium  hydroxide  solution  to  1 
liter  with  equilibrium  water. 


Table  1. 

Determination  of  Nitrogen 

Recommended  Prooedure 

Standard  Procedure 

No.  of 

No.  of 

%  N 

deter- 

%  N 

Mean 

deter- 

%  N 

Mean 

Compound 

Theory 

minations 

mean 

deviation 

minations 

mean 

deviation 

Acetanilide 

10.36 

2 

10.30 

0.03 

2 

10.33 

0.01 

Anthraniiic  acid 

10.22 

2 

10.24 

0.02 

... 

.  .  . 

Bem&mide 

11.57 

2 

11.66 

0.04 

. . 

.  .  . 

p-Chloroaniline 

10.97 

3 

10.92 

0  00 

.  .  . 

Cysteine 

11.57 

4 

11.53 

0.01 

.  .  . 

Dicyandiamide 

66.64 

6 

66.51 

0.01 

6 

66.54 

0.02 

p-Dimethylaminobenzaldehyde 

9.40 

2 

9.34 

0.01 

.  .  . 

Diphenylamine 

8.28 

3 

8  23 

0.00 

4 

8.23 

0.04 

Diphenylcarbamine  chloride 

6.04 

2 

6.02 

0.01 

.  .  . 

82/m-Diphenylurea 

13.21 

3 

13.17 

0.06 

.  . 

.  .  . 

Sulfanilic  acid 

8.08 

4 

8.07 

0.02 
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than  approximately  15  ml.  of  sulfuric  acid  be  present  at  the  end 
of  the  digestion. 

Determine  and  apply  a  blank  correction,  which  is  usually  be¬ 
tween  0.20  and  0.30  ml. 

The  results  of  analyses  of  eleven  organic  compounds  are  indi¬ 
cated  in  Table  I. 

DISCUSSION 

As  shown  in  Table  I,  the  described  method  yields  results  with 
an  average  error  of  —0.04%  nitrogen.  Even  this  small  difference 
may  be  due  in  part  to  failure  to  obtain  perfectly  pure  organic 
compounds.  The  results  compare  very  favorably  with  those  of 
the  standard  Kjeldahl  method  with  compounds  of  both  high  and 
low  nitrogen  content. 

The  disadvantage  of  the  method  is  the  fact  that  elements  such 
as  calcium,  barium,  copper,  and  iron  interfere  by  forming  pre¬ 
cipitates  which  obscure  the  end  point.  Phosphorus  also  inter¬ 
feres  because  primary  phosphate  is  titrated  to  secondary  phos¬ 
phate  between  the  two  end  points.  This  renders  the  procedure 
inapplicable  to  fertilizers  and  many  biological  samples.  The 
method  is  applicable  to  samples  containing  organic  and  nitrate 
nitrogen  when  the  usual  sulfuric-salicylic  acid  modification  is  ap¬ 
plied  previous  to  digestion  (2,  4). 
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With  the  elimination  of  the  distillation,  approximately  20 
minutes  are  saved  in  each  determination. 

Work  is  in  progress  to  adapt  the  described  procedure  to  the 
micro  scale. 
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Determination  of  Carbon  and  Hydrogen  by  Combustion 

Unitized  Dual  Apparatus  and  Improved  Procedure 

D.  D.  TUNNICLIFF,  EDWARD  D.  PETERS,  LOUIS  LYKKEN,  AND  F.  D.  TUEMMLER,  Shell  Development  Company,  Emeryville,  Calif. 


A  dual  unitized  combustion  apparatus  and  improved  procedure 
are  described  for  the  determination  of  carbon  and  hydrogen  in 
macrosize  samples.  The  dual  feature,  absence  of  rubber  connec¬ 
tions,  provisions  for  adequate  combustion  control,  and  well-defined 
procedure  all  combine  to  give  accurate  results  in  the  minimum  of 
time.  Other  noteworthy  features  are  control  and  indication  of  all 
gas  flow  rates,  adequate  and  convenient  pyrometer  temperature 
indication,  addition  of  extra  oxygen  between  the  sample  and  cata¬ 
lyst,  use  of  carefully  determined  combustion  and  operating  condi- 

MOST  of  the  progress  made  in  recent  years  in  the  deter¬ 
mination  of  carbon  and  hydrogen  has  been  in  the  field  of 
microchemistry.  Excellent  methods  and  apparatus  ( 1 ,  2,  5-9) 
have  been  developed  which  possess  the  desired  attributes  of 
speed,  convenience,  and  accuracy  when  properly  applied,  but 
which  too  frequently  produce  results  of  only  moderate  accuracy 
when  used  on  a  routine  basis  ( 9 ).  In  this,  as  in  many  other 
laboratories,  there  has  been  a  definite  need  for  a  method  which 
is  accurate,  precise,  and  rapid  under  normal  industrial  operating 
conditions.  Because  macromethods  are  less  susceptible  to 
variations  in  technique  and  are  thus  more  suitable  for  industrial 
service  analysis,  it  was  decided  that  further  development  of  the 
macromethod,  along  lines  followed  by  the  microchemists,  of¬ 
fered  the  best  possibilities  of  success. 

Wagman  and  Rossini  (10)  have  obtained  very  precise  and  ac¬ 
curate  results  on  benzoic  acid  using  large  samples  (1.8  grams) 
and  improved  techniques  and  apparatus  developed  at  the  Na¬ 
tional  Bureau  of  Standards.  In  their  work  on  the  atomic  weight 
of  carbon,  Baxter  and  Hale  ( 1 )  also  obtained  excellent  results 
using  various  hydrocarbons  and  even  larger  amounts  (3  grams)  of 
sample.  These  investigators  had  for  their  prime  objective  the 
greatest  possible  accuracy  without  regard  for  time  required  for 
analysis.  In  the  present  method,  accuracy  and  precision  have 
been  achieved  by  adopting  features  of  the  Baxter  and  Hale  ap¬ 
paratus  particularly  suitable  for  routine  work;  speed  has  been 
secured  by  providing. a  dual  apparatus  which  permits  the  simul- 


tions,  and  a  method  for  accurate  analyses  of  volatile  samples.  Using 
the  long,  precision  procedure,  a  skilled  operator  can  make  two  de¬ 
terminations  in  an  8-hour  day  with  a  precision  of  ±  0.008%  hydro¬ 
gen  and  =±=0.009%  carbon  and  a  probable  accuracy  of  0.011% 
hydrogen  and  0.01 5%  carbon.  Using  the  short,  routine  procedure, 
one  experienced  operator  can  make  as  many  as  eight  determinations 
daily  with  a  precision  of  ±0.02%  hydrogen  and  ±0.05%  carbon 
and  with  a  probable  accuracy  of  0.05%  for  each  element.  Both 
procedures  are  applicable  in  presence  of  sulfur,  halogens,  nitrogen. 

taneous  combustion  of  two  samples,  by  providing  convenient 
and  adequate  control  of  the  combustion,  and  by  carefully  deter¬ 
mining  the  minimum  time  required  for  each  phase  in  the  analysis. 

The  conventional  combustion  method  and  apparatus  for  de¬ 
termination  of  carbon  and  hydrogen  are  not  generally  suitable 
for  industrial  use  where  speed  is  a  consideration,  and  where  ana¬ 
lysts  may  be  frequently  replaced,  and  for  applications  where  the 
greatest  precision  and  accuracy  are  important.  Using  the  simple 
apparatus  and  procedure  given  in  the  numerous  references  on 
the  subject,  one  usually  encounters  the  following  difficulties:  (1) 
loss  of  much  time  and  effort  in  establishing  the  essential  condi¬ 
tions,  (2)  nonsuitability  of  the  apparatus  for  continuous  use,  (3) 
inadequate  indications  and  control  of  flow  rates,  (4)  inadequate 
control  of  furnace  temperature,  (5)  lack  of  assurance  of  excess 
oxygen  in  combustion  tube,  (6)  errors  caused  by  use  of  rubber 
connections,  (7)  inadequacy  of  the  combustion  tube  filling  for 
materials  containing  elements  other  than  carbon,  hydrogen,  and 
oxygen,  (8)  requirement  of  4  or  more  hours  per  analysis,  (9)  lack 
of  qualitative  evidence  of  complete  oxidation  of  the  carbon  and 
hydrogen,  and  (10)  lack  of  suitable  technique  for  handling  vola¬ 
tile  samples.  The  method  described  here  is  a  result  of  a  study 
made  to  overcome  or  minimize  these  difficulties. 

The  combustion  apparatus  was  unitized  in  a  compact  assembly 
to  increase  the  convenience  of  use  and  to  allow  standardization  of 
technique  and  procedure;  and  since  it  was  found  that  two  de¬ 
terminations  could  easily  be  made  simultaneously,  a  dual  unit 
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Figure  1.  Front  View  of  Dual  Combustion  Apparatus 


Figure  2.  Side  View  of  Dual  Combustion  Apparatus 


Figure  3.  Diagram  of  Gas  Flow  through  Dual  Combustion  Unit 


was  designed  to  in¬ 
crease  the  number  of 
analyses  per  unit 
time.  Proper  con¬ 
trol  and  indication  of 
the  gas  mixture  in 
the  combustion  tube 
were  achieved  Jay  use 
of  microrotameters 
(0  to  50  ml.  per 
minute)  to  indicate 
continuously  the  rate 
of  flow  of  air,  oxygen, 
and  exit  gases  and  by 
the  use  of  needle 
valves  to  adjust  the 
flow  of  the  air  and 
oxygen.  Proper  ad¬ 
justment  of  furnace 
temperature  was 
made  possible  by  use 
of  thermocouples  and 
a  sensitive  direct  in¬ 
dicating  meter  sup¬ 
plied  with  a  suitable 
selector  switch.  Ex¬ 
cess  oxygen  in  the 
gases  passing  over 
the  catalysts  was  en¬ 
sured  by  provision 
to  admit  oxygen  in  the  zone  between  the  sample  and 
the  catalyst  (3).  Contamination  from  rubber  connections  was 
avoided  by  use  of  commercial  compression  metal  fittings,  a  special 
metal-to-glass  fitting,  and  standard-taper  glass  joints.  Complete 
retention  of  sulfur,  halogen,  and  nitrogen  acidic  gases  was  ob¬ 
tained  by  proper  use  of  lead  chromate,  silver  gauze,  and  lead 
peroxide  in  the  combustion  tube.  Sensitive  and  immediate  con¬ 
trol  of  the  rate  of  volatilization  of  the  sample  was  obtained  by  an 
electric  wire  heater  wound  directly  on  the  combustion  tube. 
Errors  from  contamination  of  the  air  and  oxygen  used  were  ob¬ 
viated  by  passing  these  gases  over  heated  copper  oxide  in  per¬ 
manently  connected  heaters. 

Permanent  connections  and  mountings  were  used  to  allow 
movement  of  the  apparatus  without  seriously  disrupting  its  period 
of  usefulness.  Special  all-glass  counterpoises  for  the  absorbers 
were  constructed  (having  approximately  the  same  net  volume, 
weight,  and  surface  as  the  actual  absorbers)  to  minimize  weigh¬ 
ing  errors  and  facilitate  correction  to  a  vacuum  basis. 

APPARATUS 

The  dual  arrangement  and  general  construction  of  the  appara¬ 
tus  are  shown  in  the  first  two  figures.  Figure  1  is  a  front  view 
giving  some  detail  of  the  absorption  train  and  Figure  2  is  a  side 
view  showing  the  gas-inlet  and  tube-closure  assembly  arrange¬ 
ment.  A  diagram  of  the  air  and  oxygen  flow  through  the  appara¬ 
tus  and  a  schematic  arrangement  are  given  in  Figure  3.  The 
constructional  details  of  the  combustion  tube  and  filling  are 
shown  in  Figure  6,  the  electrical  wiring  diagram  in  Figure  7,  and 
the  arrangement  of  the  absorption  train  in  Figure  8. 

The  two  combustion  heaters  are  mounted  one  behind  the  other 
with  their  centers  about  12.5  cm.  (5  inches)  apart.  Behind  and 
parallel  to  these  are  located  two  preheaters.  The  panels  in  front 
and  below  the  heaters  contain  control  knobs  for  regulating  the 
temperatures  of  the  various  furnaces.  The  large  panel  behind 
and  above  the  furnaces  supports  the  gas  purifiers,  flowmeters, 
gas  control  valves,  and  pyrometer. 

Provision  is  made  for  supplying  either  oxygen  or  air  to  the 
combustion  tube.  Oxygen  is  used  for  combustion  of  the  sample 
and  air  for  purging  out  the  combustion  products,  so  that  the  ab¬ 
sorbers  will  be  filled  with  air  during  the  weighing  operations. 


Figure  4.  Detail  of  Purifier  Tube  and 
Mounting 
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Both  oxygen  and  air  are  passed  through  a  preheater  furnace  and 
then  through  a  purifying  train  to  remove  all  traces  of  water,  car¬ 
bon  dioxide,  and  combustible  matter  before  entering  the  com¬ 
bustion  tube. 

Preheater  and  Purifier.  The  preheaters  are  nickel  tubes 
filled  with  copper  oxide  and  heated  to  700°  C. 

They  are  similar  in  construction  to  the  main  combustion  heat¬ 
ers  described  below  but  are  not  provided  with  temperature  control 
or  with  individual  switches;  therefore,  they  rapidly  reach  the 
operating  temperature  after  the  main  electrical  switch  is  turned 
on. 

The  first  purifier  tube  contains  Ascarite  and  the  second  tube 
Dehydrite.  A  twisted  strand  of  glass  wool  about  the  size  of  a 
pencil  is  placed  in  the  lower  half  of  the  Ascarite  tube  to  avoid 
plugging  caused  by  swelling  of  the  Ascarite  as  it  is  used.  To 
facilitate  cleaning,  the  purifier  tubes  have  ground  joints  in  the 
center  which  are  sealed  with  sealing  wax. 

The  method  of  mounting  the  purifier  tubes  is  shown  in  Figure 
4.  The  mounting  consists  of  6/ie-inch  compression  coupling 
soldered  into  brass  blocks  and  reamed  out  to  5 /1S  inch  throughout 
their  length.  A  short  section  of  medium  hard  rubber  tubing  is 
used  as  gasket  (soft  rubber  tubing  is  not  satisfactory,  as  it  may 


SECONDARY  GAS  INLET 


Figure  5.  Detail  of  Gas-Inlet  and  Tube-Closure  Assembly 


wrinkle  and  cause  the  joint  to  leak).  The  purifier  tube  is  in¬ 
stalled  in  the  mount  by  first  placing  the  nuts  and  rubber  gasketf 
on  the  narrow  tubes  and  then  pushing  one  end  into  the  mounting 
block  far  enough  to  allow  the  other  end  to  enter  its  mount.  This 
connection  is  gas  tight,  yet  allows  the  parts  to  be  easily  removed 
for  servicing. 

CoMBuSTion  Tube.  A  metal  gas-inlet  and  tube-closure  as¬ 
sembly  is  attached  to  the  front  end  of  each  combustion  tube;  it 
has  a  screw  cap  to  provide  an  opening  into  the  combustion  tube 
and  has  two  gas  inlets.  The  “primary”  gas  inlet  allows  gas  to  entei 
the  front  of  the  combustion  tube;  the  “secondary”  inlet  conducts 
the  gas,  by  means  of  a  small-diameter  nickel  or  platinum  tube,  to 
a  point  just  in  front  of  the  main  catalyst  section.  Figure  5  shows 
the  construction  of  the  gas-inlet  and  tube-closure  assembly  and 
the  method  of  connecting  it  to  the  combustion  tube.  By  means 
of  a  3-way  cock,  either  air  or  oxygen  can  be  passed  through  the 
primary  inlet,  but  only  oxygen  can  be  passed  through  the  second¬ 
ary  inlet.  Each  gas  line  leading  to  the  combustion  tube  is  pro¬ 
vided  with  a  packless  needle  valve  for  close  control  of  the  gas- 
flow  rate  and  with  a  rotameter  flowmeter.  The  flowmeters  have 
a  useful  range  of  0  to  60  ml.  per  minute,  and  are  sensitive  to 
changes  of  5  to  10%  of  the  gas  flow  in  the  range  of  5  to  60  ml.  per 
minute.  The  mountings  for  the  flowmeters  are  similar  to  those 
for  the  purifiers. 

All  the  gas  lines  before  the  combustion  tube  are  constructed  of 
metal  tubing.  Rubber  is  used  only  for  the  gaskets  on  the  puri¬ 
fiers,  flowmeters,  and  gas-inlet  and  tube-closure  assembly.  The 
rubber  gaskets  are  always  on  the  outside  of  the  tubes  where  only 
a  small  area  of  the  rubber  is  exposed  to  the  gas  flow;  in  each  case 
the  area  is  separated  from  the  gas  stream  by  a  narrow  annular 
dead  air  space. 

The  special  combustion  tube,  shown  in  Figure  6,  is  constructed 
from  13-mm.  inside  diameter  and  17  mm.  outside  diameter. 
Coming  No.  172  Pyrex  combustion  tubing.  The  exit  end  is 
fitted  with  a  7/zs  standard-taper  female  joint.  A  thin-walled 
capillary  tube  is  sealed  through  the  center  of  the  joint  to  carry 
water  vapor  directly  into  the  absorber  without  allowing  it  to 
come  in  contact  with  the  connection. 

Two  types  of  combustion  tube  fillings  are  used:  lead  peroxide 
for  materials  containing  nitrogen,  and  lead  chromate  for  other 
materials  because  it  is  more  easily  prepared  and  more  desirable 
from  the  standpoint  of  accuracy  and  ease  of  operation.  Figure  6 


SPECIAL  FILLING  FOR  NITROGEN  SAMPLES 

Figure  6.  Detail  of  Construction  and  Filling  of  Combustion  Tubes 

A.  1 . 5-inch  roll  of  40-mesh  copper  game  F.  10-  to  20-mesh  copper  oxide  wire 

B.  Sample  Boat  G.  50-50  mixture  of  10- to  20-mesh  copper  oxide  and  lead  chromate 

C.  Indicator,  2.5  X  0.5  Inch  rectangular  strip  of  40-mesh  copper  gauze  H,  Ignited  Asbestos 

O,  Roll  of  20-mesh  silver  gauze  /.  Empty  space 

E.  Roll  of  40-mesh  copper  gauze  J.  10-  to  20-mesh  lead  peroxide 
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shows  the  arrangement  of  both  types  of  fillings.  As  indicated,  a 
1-inch  section  containing  a  Pyrex  rod  separator  is  provided  be¬ 
tween  the  lead  peroxide  and  the  copper  oxide  sections  of  the  filling. 
This  construction  reduces  the  heat  transfer  between  these  two 
sections  and  allows  more  accurate  control  of  the  temperature  of 
the  lead  peroxide.  In  preparing  the  combustion  tube  fillings,  the 
cropper  gauze  and  the  silver  gauze  are  heated  in  a  Bunsen  flame 
oefore  rolling  in  order  to  burn  off  all  organic  matter  and  to  anneal 
the  gauze,  thus  simplifying  the  rolling  operation. 

Combustion  Tube  Heaters.  The  temperature  of  each  com- 
austion  tube  is  regulated  by  means  of  five  independently  con¬ 
trolled  heaters.  Figure  7  is  the  wiring  diagram  of  the  five  heaters 
and  Figure  6  shows  their  position  relative  to  the  combustion  tube 
filing.  The  “primary”  heater  and  the  “sample”  heater  consist 
af  coils  of  resistance  wire  wound  directly  on  the  combustion  tube 
is  described  elsewhere  (4)-  The  resistance  wire  is  wound  on  a 
standard  combustion  tube  and  this  is  then  sealed  to  the  exit  end 
:'rom  a  previously  used  tube;  in  this  way,  the  ground  joint  is  used 
aver  and  over  again. 

The  temperature  of  the  primary  heater  is  controlled  by  a  rheo¬ 
stat  placed  in  series  with  the  heater.  The  sample-heater  tempera- 
cure  is  controlled  by  a  variable-voltage  autotransformer  and  two 
xxed  resistances,  either  of  which  may  be  connected  in  series  with 
she  heater  by  means  of  a  3-way  switch.  As  shown  in  Figure  7, 
hese  two  heaters  have  a  common  connection  that  eliminates  a 
rossible  cold  spot  between  the  two  sections.  This  arrangement 
:-equires  the  use  of  an  autotransformer  which  has  a  common  lead 
rom  input  to  output.  The  maximum  temperature  obtainable 


with  the  sample  heater  is  approximately  725°  C.  A  chart  is 
prepared  to  show  the  temperatures  obtainable  with  the  various 
combinations  of  the  autotransformer  and  the  3-way  switch  set¬ 
tings.  Such  a  chart  is  very  useful  in  controlling  the  combustion 
of  the  sample. 

The  indicator  heater,  main  heater,  and  final  heater  are  all  in 
the  main  combustion  furnace  housing.  The  last  two  heaters  are 
constructed  of  resistance  wire  wound  on  1  Vie-inch  inside  diameter 
Alundum  tubing.  The  Alundum  tubing  is  supported  in  a  section 
of  4-inch  steel  tubing  by  means  of  Transite  disks ;  the  space  be¬ 
tween  the  Alundum  tube  and  the  steel  tube  is  filled  with  shredded 
magnesia  pipe  lagging  for  insulation.  The  element  for  the  indi¬ 
cator  heater  consists  of  small  coils  of  resistance  wire  placed  in  a 
grooved  refractory  half-sleeve  that  is  placed  under  the  lower  half 
of  the  split  Alundum  tube.  The  upper  half  of  the  Alundum  tube 
is  attached  to  a  removable  unheated  section  to  permit  observa¬ 
tion  of  this  part  of  the  combustion  tube.  The  indicator  heater 
element  operates  from  a  50-volt  transformer  to  permit  use  of 
heavier  wire  in  the  winding. 

Two  different  final  heaters  are  required,  the  one  used  in  a  given 
combustion  depending  on  the  combustion  tube  filling  employed 
(Figure  6).  The  heater  used  with  the  lead  chromate  filling  is 
built  as  an  integral  part  of  the  standard  combustion  furnace  and 
is  similar  to  the  main  heater.  The  heater  used  with  the  lead 
peroxide  filling  is  constructed  as  a  unit  separate  from  the  indi¬ 
cator  heater  and  the  main  heater,  and  is  constructed  of  insulated 
resistance  wire  wound  on  a  cylindrical  block  of  Duraluminum. 
Otherwise  in  construction  and  insulation  this  heater  is  similar  to 


Figure  7.  Electrical  Wiring  Diagram  of  Dual  Combustion  Apparatus 
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the  other  heaters.  The  Duraluminum  block  is  fitted  with  a  re¬ 
movable  Duraluminum  half-sleeve  which  fits  closely  around  the 
upper  part  of  the  combustion  tube  as  an  aid  in  maintaining  close 
temperature  control,  yet  provides  a  means  of  inserting  the  com¬ 
bustion  tube  with  the  resistance  winding  in  place  on  the  front  end. 
The  temperature  of  the  three  heaters  in  the  main  combustion 
furnace  is  controlled  by  means  of  rheostats  connected  in  series 
with  each  heater. 

The  heaters,  as  described,  are  designed  to  operate  on  120  volts. 
A  slight  modification  of  the  resistance  windings  is  required  when 
operating  at  significantly  different  voltages. 

The  temperature  of  the  heater  for  the  lead  peroxide  is  deter¬ 
mined  by  means  of  a  short-stemmed  thermometer  placed  in  the 
well  in  the  end  of  the  Duraluminum  block.  The  temperatures  of 


the  exit-gas  flowmeters  by  means  of  a  short  piece  of  rubber  tubing 
These  flowmeters  measure  the  excess  oxygen  from  the  combus 
tion.  Glass  wool  filters  are  placed  immediately  before  the  exit 
gas  flowmeters  to  remove  foreign  materials  originating  from  th< 
rubber  tubing  which  might  otherwise  cause  the  bobs  to  stick. 

ANALYTICAL  PROCEDURE 

Two  procedures  have  been  developed  for  use  with  the  describee 
apparatus.  The  routine  procedure  is  used  with  samples  tha 
require  only  ordinary  precision  and  accuracy  and  that  must  b< 
analyzed  in  a  short  period  of  tune.  The  precision  procedure  ii 
used  for  the  analysis  of  samples  that  require  the  best  possible  pre¬ 
cision  and  accuracy.  The  chief  differences  ir 


the  two  procedures  are  that  the  precision  pro 
cedure  requires  use  of  a  balance  sensitive  t< 
0.00001  gram,  greater  care  in  preparing  anc 
handling  the  absorbers,  and  more  careful  com¬ 
bustion  technique  along  with  the  use  of  a  largei 
sample. 

Generally,  the  precision  procedure  is  appliec 
only  to  the  analysis  of  materials  that  are  mainlj 
made  up  of  carbon,  hydrogen,  and  oxygen  anc 
that  contain  a  relatively  small  proportion  o: 
ash,  nitrogen,  chlorine,  sulfur,  etc.  Best  re¬ 
sults  are  obtained  with  materials,  relativelj 
free  from  nitrogen,  which  permit  the  use  ol 
lead  chromate  in  the  final  heater  section 
however,  with  proper  care  and  attention  tc 
details,  satisfactory  results  can  be  obtainec 
with  nitrogenous  materials  that  require  the 
use  of  lead  peroxide  in  the  final  heatei 


the  main  heaters,  the  final  heaters  for  lead  chromate,  and  the  pre¬ 
heaters  are  determined  by  means  of  No.  22  gage  Chromel-Alumel 
thermocouples  connected  through  a  selector  switch  to  a  direct 
reading  meter. 

A  removable  Duraluminum  heat  conductor  is  placed  over  the 
exit  end  of  the  combustion  tube.  It  extends  a  short  distance  into 
the  final  heater  and  conducts  a  moderate  amount  of  heat  to  the 
end  of  the  combustion  tube  and  to  the  ground  joint,  as  an  aid  in 
preventing  condensation  of  water  at  these  points  during  the  com¬ 
bustion.  Holes  are  drilled  through  the  shield  to  permit  the  in¬ 
sertion  of  thermocouples  through  it  into  the  combustion  furnaces 
beyond.  This  shield  is  shown  in  position  in  Figure  6 ;  it  is  omitted 
in  Figure  1  in  order  to  show  more  clearly  the  construction  of  the 
end  of  the  combustion  tube. 

A  safety  shield  (not  shown  in  Figure  1  or  2),  constructed  with 
a  Pyrex  top  and  a  wire  screen  front  and  end,  is  placed  over  the 
front  exposed  part  of  the  combustion  tube  during  the  actual  com¬ 
bustion  of  the  sample.  A  compressed  air  jet  is  mounted  under 
the  sample  heater  for  rapid  cooling  of  this  portion  of  the  combus¬ 
tion  tube. 

Absorption  Train.  The  absorbers  consist  of  specially  con¬ 
structed  Pyrex  U-tubes  as  shown  in  Figure  8.  The  empty  weight 
of  these  absorbers  is  approximately  45  grams.  The  connection  to 
the  combustion  tube  and  between  the  absorbers  is  made  by  means 
of  7/j5  standard-taper  joints  held  together  with  springs.  To  sim¬ 
plify  the  removal  of  the  lubricant  from  the  joints  before  weighing, 
only  male  joints  are  sealed  to  the  absorbers.  The  stopper  on  the 
entering  side  of  the  water  absorber  is  sealed  in  place,  with  a  small 
amount  of  sealing  wax  applied  to  the  center  of  the  ground  joint, 
to  prevent  separation  of  the  joint  when  the  absorber  is  detached 
from  the  combustion  tube.  A  glass  cap  is  provided  for  the  enter¬ 
ing  side  of  the  water  absorber  to  reduce  diffusion  of  air  out  of  or 
into  the  absorber  after  it  has  been  disconnected  from  the  com¬ 
bustion  tube. 

The  water  absorber  is  filled  with  Dehydrate;  a  glass  wool  plug 
is  placed  on  top  of  the  filling  in  the  exit  side  to  avoid  loss  of  the 
finer  particles.  The  carbon  dioxide  absorber  is  filled  with  Asca¬ 
rite  except  for  a  short  section  of  Dehydrite  that  is  placed  on  top 
of  the  Ascarite  in  the  exit  side  of  the  absorber  to  prevent  a  pos¬ 
sible  loss  of  water  vapor.  A  twisted  strand  of  glass  wool  is  placed 
along  with  the  Ascarite  in  the  entering  side  of  the  absorber  to 
prevent  plugging  of  the  absorber  by  the  used  Ascarite.  Small 
glass  wool  plugs  are  used  between  the  Ascarite  and  the  Dehydrite 
sections  and  on  top  of  the  filling  on  both  sides  of  the  tube.  The 
stoppers  of  the  absorbers  and  the  various  ground  connections  are 
lubricated  by  a  soft  hydrocarbon  grease  such  as  Cello-Grease. 
The  exit  side  of  the  carbon  dioxide  absorbers  are  connected  to 


section. 

Procedure  for  Routine  Analysis.  Assemble  the  combus¬ 
tion  unit,  fill  and  install  the  combustion  tubes,  fill  and  attach 
the  absorbers,  and  adjust  the  heaters  to  operate  at  the  following 
temperatures  (°  C.) : 


Primary  heater 

650  ±  25 

Sample  heater 

700  to  725 

Indicator  heater 

700  ±  25 

Main  heater 

775  ±  25 

Final  heater 

If  lead  chromate  is  used 

600  ±  25 

If  lead  peroxide  is  used 

190  to  195 

Preheaters 

700  ±  50 

_Purge  the  combustion  train  with  oxygen  and  air  at  a  rate  oi 
35  ml.  per  minute  until  a  3-hour  blank  does  not  exceed  0.3  mg. 
of  water  or  carbon  dioxide;  use  oxygen  during  the  first  2.75  hours 
and  air  for  the  final  15  minutes  of  purging  time.  Turn  the  pri¬ 
mary  and  sample  heaters  on  only  during  the  first  15  minutes  of 
the  purging  period. 

Prepare  and  weigh  the  absorbers  in  the  following  manner:  Re¬ 
move  the  grease  from  the  ground  joints  with  a  small  cotton  swab 
wet  in  chloroform.  Carefully  wipe  the  absorbers  with  a  clean 
damp  cloth  and  then  wipe  over  with  a  clean,  dry,  lint-free  cotton 
cloth;  avoid  excessive  rubbing  with  the  dry  cloth.  Place  the 
cap  on  the  entering  side  of  the  water  absorber  and  allow  the  ab¬ 
sorbers  to  stand  beside  the  balance  for  at  least  20  minutes  before 
weighing.  (If  the  relative  humidity  is  below  50%,  allow  them 
to  stand  for  a  longer  period  until  the  static  charges  have  been 
dissipated.)  Weigh  the  absorbers  to  ±0.1  mg.  by  direct  com¬ 
parison  with  a  special  tare.  Prepare  the  tare  from  an  empty 
carbon  dioxide  absorber  by  placing  in  it  a  quantity  of  glass  that 
is  2  to  3  grams  less  in  weight  and  approximately  equal  in  volume 
to  the  average  of  the  weight  and  volume  of  the  filling  of  the  water 
and  carbon  dioxide  absorber;  use  a  mixture  of  glass  rod  and  glass 
tubing  sealed  off  at  both  ends  to  secure  the  required  weight  and 
volume  of  glass.  Calculate  the  volume  of  the  filling  from  its 
weight  and  density;  assume  that  the  density  of  Ascarite  is  equal 
to  the  density  of  sodium  hydroxide.  Clean  and  wipe  the  tare  as 
described  above;  keep  it  in  a  dustproof  (but  not  air-tight)  con¬ 
tainer  near  the  balance  and  rewipe  the  tare  only  once  each  week 
unless  laboratory  conditions  make  more  frequent  attention 
necessary.  Use  the  same  tare  for  weighing  both  the  water  and 
carbon  dioxide  absorber.  Remove  the  cap  from  the  water  ab- 1 
sorber  before  weighing.  Open  the  stopcock  on  the  exit  side  of 
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he  carbon  dioxide  absorber  for  a  few  seconds  before  weighing 
o  equalize  the  air  pressure  inside  and  outside  the  absorber, 
ieave  the  stopper  on  the  tare  open  at  all  times.  Always  weigh 
ibsorbers  with  their  gas-space  filled  with  air  rather  than  oxygen. 

Take  a  sample  of  approximately  0.2  gram,  weighed  to  ±0.1 
ig.,  for  the  analysis.  Weigh  solid  or  heavy  liquid  samples  in 
ickel  or  platinum  boats  and  weigh  light  liquid  samples  in  sample 
iibes  made  from  40-mm.  sections  of  7-mm.  outside  diameter 
’yrex  tubing  sealed  at  one  end.  Weigh  volatile  samples  in  similar 
ample  tubes  sealed  at  one  end  and  drawn  out  to  a  fine  capillary 
t  the  other  end.  To  fill  the  sample  tube,  warm  the  tube  in  a 
mall  flame  and  then  allow  it  to  cool  with  the  capillary  immersed 
l  the  sample.  After  filling,  warm  the  capillary  to  expel  all  the 
[quid  from  it  and  then  bend  the  capillary  back  along  side  the 
ample  tube,  but  do  not  seal  the  capillary  at  any  point. 

Make  sure  that  the  primary  heater  and  sample  heater  are  off 
nd  the  combustion  tube  in  these  sections  is  cool.  Attach  the 
reighed  absorbers  to  the  combustion  tube  using  a  small  amount 
f  stopcock  lubricant  placed  at  the  outer  edge  of  each  connection, 
nd  connect  the  exit  side  of  the  carbon  dioxide  absorber  to  the 
xit  gas  flowmeter.  Remove  the  indicator  heater  cover,  place  the 
afety  shield  in  position,  shut  off  the  secondary  gas  flow,  and  ad- 
ist  the  primary  gas  flow  to  15  to  30  ml.  per  minute  of  air  to  pre- 
ent  diffusion  of  room  air  into  the  combustion  tube.  Open  the 
ombustion  tube,  take  out  the  removable  copper  spiral  and,  with 
he  aid  of  a  wire  hook,  insert  the  sample  to  a  point  just  beyond 
he  center  of  the  sample  heater.  Place  the  glass  sample  tube  in 
nickel  boat  with  the  open  end  or  capillary  toward  the  catalyst. 
Leplace  the  copper  spiral  in  the  center  of  the  primary  heater  and 
lose  the  combustion  tube.  If  the  sample  is  extremely  volatile, 
se  solid  carbon  dioxide  to  cool  the  sample  heater  section  of  the 
ombustion  tube  before  introducing  the  sample  and  to  control 
ae  rate  of  vaporization  of  the  sample  during  the  combustion. 
Adjust  the  gas  flow  to  give  10  col.  of  oxygen  per  minute  in  the 
rimary  inlet  and  25  ml.  of  oxygen  per  minute  in  the  secondary 
llet.  Use  air  in  the  primary  inlet  only  when  burning  samples 
'hich  have  a  tendency  to  flash  or  explode.  Turn  on  the  primary 
eater  and  adjust  the  temperature  to  650°  ±  25°  C.  Turn  on 
he  sample  heater  and  gradually  increase  its  temperature  until 
he  sample  begins  to  vaporize  and  reduces  the  indicator  strip. 
The  vapors  are  carried  over  the  copper  oxide  indicator  strip  by 
he  gas  flow  from  the  primary  inlet.  As  soon  as  the  primary  gas 
ow  contains  an  insufficient  amount  of  oxygen  for  complete  oxi- 
ation,  the  front  end  of  the  copper  oxide  indicator  strip  will  be- 
ome  reduced  up  to  the  point  where  the  oxygen  coming  from 
he  secondary  inlet  builds  up  an  excess  of  oxygen  in  the  tube.  A 
harp  line  of  demarcation  is  thus  established  between  the  reduced 
ortion  and  oxidized  portion  of  the  indicator  strip.  The  position 
f  this  line  serves  as  an  immediate  guide  for  controlling  the  rate 
f  vaporization  of  the  sample,  provided  a  correlation  has  pre- 
iously  been  made  between  the  position  of  the  line  and  the 
mount  of  excess  oxygen  in  the  gas  issuing  from  the  combustion 
ube.  Highly  volatile  samples,  and  samples  that  contain  sulfur 
r  halogens,  often  do  not  appreciably  reduce  the  indicator  strip. 
Then  the  sample  is  known  to  contain  halogens,  the  indicator 
trip  should  be  removed  before  beginning  the  combustion  to  avoid 
he  formation  of  a  black  deposit  on  the  glass  which  makes  ob- 
jrvation  of  following  determinations  difficult.) 

Regulate  the  rate  of  volatilization  of  the  sample  to  maintain 
lways  an  excess  of  10  to  20  ml.  of  oxygen  per  minute  as  indi- 
ated  by  the  exit  gas  flowmeter.  Gradually  raise  the  tempera- 
ure  of  the  sample  heater  to  700  °  to  725  °  C. ;  remove  the  safety 
hield  and  replace  the  cover  over  the  indicator  section  to  aid  in 
urning  out  any  carbon  residue.  Readjust  the  gas  flow  rates  to 
0  ml.  of  oxygen  per  minute  in  the  primary  inlet  and  15  ml.  of 
xygen  per  minute  in  the  secondary  inlet.  If  the  capillary  sample 
ube  has  been  used,  alternately  allow  the  sample  tube  to  cool  and 
hen  reheat  several  times  to  remove  any  sample  vapors  and  com- 
ustion  products  remaining  in  the  sample  tube  and  to  bum  any 
arbon  residue. 

After  all  the  carbon  has  been  burned,  continue  the  above  flow 
ates  for  10  to  12  minutes;  then  close  the  secondary  gas  inlet 
nd  purge  for  15  minutes  with  air  admitted  through  the  primary 
llet  at  a  rate  of  30  to  35  ml.  per  minute.  After  starting  to  purge 
nth  air,  allow  the  primary  heater  and  sample  heater  to  cool  in 
reparation  for  the  next  determination.  Before  terminating  the 
urging  period,  make  certain  that  all  water  has  been  purged  into 
he  absorber  and  that  no  small  droplets  remain  in  the  vertical 
nale  joint  of  the  absorber.  Remove  the  absorbers  and  weigh  as 
tefore. 

To  avoid  contamination  of  tube  by  materials  in  the  air,  always 
ttach  a  fresh  set  of  absorbers  to  the  combustion  tube  before 
Rowing  the  furnaces  to  cool.  Before  beginning  an  analysis,  turn 
n  the  furnaces,  purge  the  combustion  tube  for  at  least  15  minutes 
nth  both  oxygen  and  air  after  all  the  furnaces,  except  the  pri¬ 


mary  heater  and  the  sample  heater,  have  come  to  operating  tem¬ 
peratures. 

Procedure  for  Precision  Analysis.  Assemble  the  appara¬ 
tus  and  adjust  the  temperature  of  the  heaters  as  directed  above 
in  the  procedure  for  routine  analysis.  Purge  the  combustion  train 
with  oxygen  and  air  at  a  rate  of  25  ml.  per  minute  until  a  5-hour 
blank  does  not  exceed  0.3  mg.  of  water  or  carbon  dioxide;  use 
oxygen  during  the  first  4.5  hours  and  air  for  the  final  30  minutes 
of  purging  time. 

Prepare  the  absorbers  as  directed  under  the  previous  procedure, 
but  allow  them  to  stand  45  minutes  or  more  before  weighing  them. 
When  weighing  the  water  and  carbon  dioxide  absorbers,  use  a 
separate  specially  prepared  tare  for  each  type  of  absorber.  Con¬ 
struct  the  tares  from  empty  water  and  carbon  dioxide  absorbers 
and  prepare  them  for  use  in  weighing  as  directed  for  the  prepara¬ 
tion  of  the  single  tare.  Weigh  the  absorbers  by  direct  compari¬ 
son  with  the  tare  and  record  the  weights  to  ±0.01  mg.  Just  be¬ 
fore  weighing  the  carbon  dioxide  absorber,  open  one  of  the  stop¬ 
cocks  on  the  absorber  and  on  the  tare  for  a  few  seconds,  but  have 
the  stopcocks  closed  during  the  weighing  operation.  Weigh  the 
water  absorber  with  the  cap  removed  from  it  and  its  tare,  but 
replace  the  caps  as  soon  as  possible. 

Take  a  0.5-gram  sample  for  the  analysis;  weigh  the  sample, 
contained  in  an  appropriate  container,  to  0.01  mg.  Connect  the 
absorbers,  insert  the  sample,  and  make  the  combustion  exactly 
as  directed  in  the  procedure  for  routine  analysis,  but  use  an 
oxygen  flow  rate  of  only  5  ml.  per  minute  in  the  primary  inlet 
and  15  ml.  per  minute  in  the  secondary.  Burn  the  sample  at 
such  a  rate  as  to  maintain  the  excess  oxygen  flow  rate  at  5  to  10 
ml.  per  minute  until  combustion  is  essentially  complete.  Re¬ 
adjust  the  oxygen  flow  rates  to  10  ml.  per  minute  in  each  inlet  while 
burning  any  carbon  residue,  and  continue  for  10  to  15  minutes 
after  all  the  carbon  has  been  burned;  then  purge  with  air  through 
the  primary  inlet  at  a  rate  of  20  to  25  ml.  per  minute  for  30  min¬ 
utes.  Remove  the  absorbers  and  weigh  as  before.  Use  fresh 
carbon  dioxide  absorbers  for  each  analysis  and  renew  the  water 
absorber  before  it  is  one  half  used  up. 

Calculation  of  Results.  The  possible  accuracy  of  both  the 
routine  and  precision  procedures  is  good  enough  to  justify  apply¬ 
ing  vacuum  corrections  to  the  weights  of  the  sample,  water,  and 
carbon  dioxide.  When  volatile  samples  are  being  analyzed,  the 
correction  to  the  sample  weight  must  include  the  weight  of  air 
displaced  by  both  the  liquid  and  the  vapor  (errors  introduced  by 
neglecting  the  correction  for  the  vapor  may  be  as  great  as  0.1%). 
Based  on  the  calculations  by  Baxter  and  Hale  (1),  the  volume 
change  of  Ascarite  on  absorbing  carbon  dioxide  is  taken  at  0.44 
ml.  per  gram  of  carbon  dioxide  absorbed.  On  the  basis  of  similar 
calculations,  the  volume  change  of  Dehydrite  on  absorbing  water 
is  taken  at  0.76  ml.  per  gram  of  water  absorbed.  This  value  is 
based  on  the  assumption  that  only  magnesium  perchlorate  hexar- 
hydrate  is  formed  by  the  reaction  of  magnesium  perchlorate  and 
water.  Although  some  trihydrate  is  also  formed,  the  above 
assumption  is  probably  sufficiently  correct  for  the  purpose  of 
making  vacuum  corrections.  In  calculating  the  results  reported 
in  this  paper,  the  atomic  weights  of  hydrogen  and  carbon  were 
assumed  to  be  1.0080  and  12.010,  respectively. 

EXPERIMENTAL 

A  considerable  number  of  experimental  determinations  and 
variations  were  made  during  the  development  of  the  apparatus 
and  the  procedures.  Throughout  this  experimental  work,  the  pre¬ 
cision  procedure  was  used,  so  that  the  results  could  be  applied  to 
both  procedures  whenever  possible.  The  samples  and  absorbers 
for  the  precision  method  were  weighed  by  the  method  of  swings 
on  a  Troemner  balance  with  a  sensitivity  of  0.3  mg.  per  scale 
division.  Weighings  for  the  routine  method  were  made  on  a 
Becker,  chain-o-matic,  magnetic-damped  balance  with  a  sensitivity 
of  0.3  mg.  per  scale  division. 

Time  Required  for  Equilibration  of  Absorbers  before 
Weighing.  The  two  main  factors  which  govern  the  time  re¬ 
quired  for  the  wiped  absorbers  to  reach  a  constant  weight  are: 
(1)  equilibration  of  the  outside  surface  of  the  glass  by  dissipa¬ 
tion  of  static  charges  placed  on  the  glass  during  the  wiping  opera¬ 
tion  and  by  equilibration  of  the  glass  surface  and  the  moist  air; 
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Expt. 

No. 


8 

9 

10 

11 


Table  1. 

Precision  of  Weighing 

of  Absorbers 

No.  1 

No.  1 

No.  2 

No.  2 

Date 

Dehydrite 

Ascarite 

Dehydrite 

Ascarite 

1-4 

1 . 10820 

3.38472 

4.97148 

4.56806 

1-4 

1.10809 

3.38460 

4.97115 

4.56798 

1-4 

1.10813 

3.38468 

4.97121 

4.56805 

1-5 

1.10830 

3.38468 

4.97129 

4.56802 

1-5 

1 . 10826 

3 . 38469 

4.97144 

4.56799 

1-5 

1.10832 

3.38467 

4.97144 

4.56806 

1-5 

1 . 10833 

3.38461 

4.97136 

4.56793 

1-8 

1 . 10854 

3.38469 

4.97170 

4.56792 

1-8 

1.10859 

3.38461 

4.97177 

4.56797 

1-8 

1.10861 

3.38465 

4.97167 

4.56790 

1-8 

1.10889 

3.38463 

4.97178 

4.56789 

7.  The  absorber  was  heated  in  the  oven  to  approximate!' 
35  °  C. 


These  experiments  indicate  that  with  proper  wiping  and  wit! 
the  absorbers  at  room  temperature,  the  weight  of  the  absorbe: 
will  be  within  0.1  mg.  of  the  final  weight  after  standing  20  minute; 
and  the  difference  will  be  less  than  0.05  mg.  after  standing  4 ‘ 
minutes.  In  localities  where  the  relative  humidity  is  mucl 
lower,  longer  time  of  standing  will  probably  be  required  for  prope; 
equilibration. 

Precision  of  Weighing  of  Absorbers.  By  repeated  wiping 
and  weighing  of  four  typical  absorbers,  it  was  shown  that  these 

operations  can  generally  b< 


Table  II.  Time  Required  for  Removal  of  Combustion  Products  during  Purging 


Detn. 

No. 


1 

2 

3 

4 

5 

6 


Benzoic 

Acid 

Up  to  10 

Minutes 

H2O  CO2 

10  to  30 
Minutes 

HjO  C02 

30  to  60 
Minutes 

HjO  co2 

60  to  180 

Minutes 

h2o  co2 

Up  to  300 
Minutes 
H20  CO, 

Gram 

Gram 

Gram 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

0.2345 

0.2272 

0.1045 

0.0999 

0.5929 

0.5689 

0.11 

0. 10 

0.00 

0.04 

0.13 

-0.02 

-0.04 

0.01 

0.13 

0.01 

-0.03 
n  01 

... 

0.2561 

0. 1144 

0.6478 

0.09 

0.06 

0.16 

0.07 

0.26 

n  10 

*  *  * 

.  .  . 

0.2470 

0.00 

0.00 

0.1108 

0.6224 

0.14 

0.11 

0.12 

0.06 

0.13 

o!o4 

0.28 

0.17 

0.39 

0.24 

(2)  equilibration  of  the  gas  inside  the  absorber  to  room  tempera¬ 
ture  and  pressure.  The  effects  of  these  two  factors  on  the  final 
weight  of  the  absorber  were  determined  independently. 

The  time  required  for  the  equilibration  of  the  outside  of  the 
absorber  was  studied  by  observing  the  rate  of  change  of  weight 
of  an  empty  carbon  dioxide  absorber  after  it  had  been  wiped  by 
several  different  methods;  the  absorber  was  weighed  by  direct 
comparison  with  a  tare  that  consisted  of  a  similar  empty  carbon 
dioxide  absorber  that  had  been  wiped  several  hours  before  it  was 
used.  Both  the  absorber  and  the  tare  were  weighed  with  the 
stoppers  closed  in  order  to  eliminate  any  effect  of  temperature  on 
the  gas  density  inside  the  absorber.  A  small  amount  of  radium 
bromide  was  present  in  the  balance  case  during  the  experiment 
as  a  possible  aid  in  dispelling  static  charges.  The  tests  were 
made  at  23°  to  27°  C.  and  at  a  relative  humidity  of  approxi¬ 
mately  70%. 

The  rate  of  equilibration  of  the  air  temperature  and  resulting 
gas  density  inside  the  absorber  was  determined  by  heating  or 
cooling  an  empty  carbon  dioxide  absorber  to  a  temperature  10  ° 
to  15°  C.  different  from  the  room  temperature  and  observing  the 
rate  of  change  of  weight  by  weighing  as  before.  The  stopcocks 
on  both  the  absorber  and  the  tare  were  left  open  during  the  ex¬ 
periments.  The  absorber  was  wiped  at  least  one  hour  before 
beginning  the  test,  so  that  the  static  charges  would  have  been 
dissipated. 

The  details  of  the  various  experiments  are  given  in  the  follow¬ 
ing  list  and  the  results  are  plotted  in  Figure  9. 


carried  out  with  a  precision  o: 
0.05  to  0.10  mg.;  in  a  few  cases 
deviations  as  great  as  0.3  mg 
are  encountered.  A  summa¬ 
tion  of  these  trials  is  given  in 
Table  I. 

Purging  the  Combustion 
Train.  The  time  required  foi 
purging  the  combustion  train 
was  determined,  using  samples 
of  benzoic  acid,  by  changing 
and  weighing  the  absorbers  at 
appropriate  intervals  after  the 
combustion  had  been  judged 


complete  as  shown  by  absence  of  any  residue  in  the  sample  heate 
section.  The  results,  given  in  Table  II,  show  that  only  negligibl 
quantities  of  water  and  carbon  dioxide  remain  after  purging  for  li 
minutes  at  a  rate  of  20  ml.  per  minute  after  the  combustion  is  com 
plete.  A  longer  purging  time  has  been  specified  in  both  procedure 
in  order  to  provide  a  desirable  safety  factor  and  to  allow  sufficien 
time  for  the  oxygen  in  the  combustion  train  and  the  absorber 


Experiments.  1.  The  absorber  was  first  wiped  with  a  damp 
cotton  cloth  and  then  with  an  air-dry  cotton  cloth.  Rubbing  with 
the  dry  cloth  was  kept  at  a  minimum.  After  the  absorber  had  been 
wiped,  the  fingers  were  passed  lightly  over  the  surface  of  the 
glass  as  a  possible  aid  in  removing  static  charges. 

2.  The  conditions  were  the  same  as  those  in  1  except  that  the 
absorber  was  rubbed  for  approximately  2  minutes  with  the  drv 
cloth. 

3.  The  conditions  were  the  same  as  those  in  2  except  that  the 
absorber  was  not  touched  with  the  fingers  after  wiping. 

4.  Experiment  3  was  repeated  except  that  an  oven-dried  cot¬ 
ton  cloth  was  substituted  for  the  air-dry  cloth.  This  cloth  left  a 
great  deal  of  lint  on  the  absorber. 

5.  The  conditions  were  the  same  as  those  in  3  except  that  a 
dry  wool  flannel  cloth  was  used  in  place  of  the  dry  cotton  cloth. 

6.  The  absorber  was  cooled  to  approximately  10°  C  in  a 
refrigerator. 
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Table  III.  Effect  of  Oxygen  Flow  Rate  and  Copper  Oxide  Catalyst  Temperature  upon 

Completeness  of  Combustion 


Time 

Excess 

Oxygen 

for 

Oxygen 

Flow 

Rate 

Flow  Rate 

Com¬ 

Cata¬ 

Detn. 

Pri-  Second- 

Aver¬ 

Mini¬ 

bus¬ 

lyst 

Hydro¬ 

Car¬ 

Material 

No. 

Sample 

mary 

ary 

Total 

age 

mum 

tion 

Temp. 

gen 

bon 

Ml./ 

Ml./ 

Ml./ 

Ml./ 

Ml./ 

Gram 

min. 

min. 

min. 

min. 

min. 

Hours 

0  C. 

% 

% 

Neutral  oil 

1 

0.51710 

5 

10 

15 

8 

2 

2 

710 

13.658 

86.324 

2 

0.55591 

5 

10 

15 

6 

2 

3 

750 

13.657 

86 . 300 

3 

0.62633 

5 

10 

15 

5 

1 

3 

750 

13 . 654 

86.278 

4 

0.60760 

10 

35 

45 

25 

8 

1.5 

675 

13.463 

85.497 

5 

0.57113 

10 

35 

45 

27 

20 

1.25 

700 

13.576 

85.900 

6 

0.55941 

10 

35 

45 

25 

18 

1.25 

700 

13.469 

85. 335 

7 

0.60889 

10 

35 

45 

25 

7 

1.25 

725 

13.638 

86.242 

8 

0.52830 

10 

35 

45 

25 

17 

1.25 

725. 

13.634 

86.206 

9 

0.58596 

5 

40 

45 

23 

15 

1 

750 

13.660 

86.279 

10 

0.59493 

15 

30 

45 

20 

13 

1.25 

750 

13.660 

86.299 

•-Phenyl 

11 

0.56564 

15 

30 

45 

22 

18 

1 

750 

5.946 

84.723 

phenol 

12 

0.55395 

5 

10 

15 

5 

2 

2 

750 

5.929 

84.732 

Min. 

inthracene 

13 

0. 16620 

5 

10 

15 

6 

2 

40 

750 

5.705 

94.221 

14 

0. 17016 

15 

30 

45 

20 

19 

15 

750 

5. 705 

94.224 

chrysene 

15 

0.20829 

5 

10 

15 

7 

1 

55 

750 

5.468 

94.090 

16 

0.26275 

15 

30 

45 

20 

13 

25 

750 

5.458 

94.074 

be  further  improved  by  the 
use  of  larger  samples.  The 
accuracy  of  the  routine 
method  has  been  determined 
by  analysis  of  several  Bureau  of 
Standard  samples  issued  as 
standards  for  the  microdeter¬ 
mination  of  carbon  and  hydro¬ 
gen  and  of  several  compounds 
of  better  than  ordinary  purity. 
The  results  of  these  tests 
(Table  V)  indicate  that  the  ac¬ 
curacy  is  in  the  order  of  0.05% 
for  both  elements.  The  naph¬ 
thalene,  toluene,  nitrobenzene, 
and  p-nitrophenol  were  puri¬ 
fied  by  several  sublimations, 
crystallizations,  or  fractional 
distillations,  as  the  case  may 
be,  of  ordinary  c.p.  or  high 


Table  IV. 

Reproducibility  of  Routine  and  Precision  Procedures 

Precision  Procedure 

Routine  Procedure 

Detn. 

Neutral 

Neutral 

No. 

oil 

Hydrogen 

Carbon 

oil 

Hydrogen 

Carbon 

Gram 

%  by  wt. 

%  by  wt. 

Gram 

%  by  wt.  %  by  wt 

1 

0.54308 

13.653 

86.308 

0.2057 

13.66 

86.42 

2 

0.51775 

13 . 670 

86.322 

0.2239 

13.75 

86.18 

3 

0.61875 

13.657 

86.306 

0 . 2050 

13.67 

86.36 

4 

0.63619 

13.667 

86.173 

0.1757 

13.70 

86.28 

5 

0.55575 

13.650 

86.311 

0.1918 

13.65 

86.34 

6 

0.51726 

13.640 

86 . 304 

0.2033 

13.66 

86.37 

7 

0.57089 

13.652 

86.317 

0.2050 

13.68 

86.41 

8 

0.56751 

13.642 

86 . 304 

0.2045 

13.66 

86.41 

9 

0.49913 

13.654 

86.312 

0.1969 

13.66 

86.35 

10 

0.45472 

13.647 

86.331 

0.2089 

13.68 

86.36 

11 

0.40530 

13.656 

86.327 

0.2100 

13.64 

86.35 

12 

0.45003 

13.646 

86.329 

0 . 2083 

13.66 

86.31 

13 

0.51944 

13.656 

86.319 

iverage 

13.652“ 

86.316“ 

13 . 67* 

86.36* 

•tandard  deviation 

±0.008“ 

±0.009“ 

±0.02* 

±0.05* 

a  Does  not  include  No.  4.  &  Does  not  include  No.  2. 


purity  chemicals.  The  benzoic 
acid  and  ammonium  thiocyanate  were  Mallin- 
ckrodt’s  analytical  quality.  The  Bureau  of  Stand¬ 
ards  sample  of  benzoic  acid  was  also  analyzed 
according  to  the  precision  procedure.  The  result  , 
given  in  Table  VI,  show  an  accuracy  of  0.011%  for 
hydrogen  and  0.015%  for  carbon. 

Time  Required  for  Analysis.  Table  VII 
gives  the  average  time  required  for  the  various 
operations  necessary  for  two  simultaneous  deter¬ 
minations  by  the  routine  procedure  and  the  pre¬ 
cision  procedure.  The  over-all  working  time  can 
be  slightly  decreased  from  the  value  given  by  us¬ 
ing  the  weighed  absorbers  from  one  analysis  for 
alternate  subsequent  determinations.  Approxi¬ 
mately  5  years  of  experience  indicate  that  six  to 


The  following  blanks  were  taken  before  and  after  the  above  determinations;  ,a  correction 
/as  not  applied  to  the  results. 


Time, 

Hours 

Front  Tube,  Mg. 

Rear  Tube,  Mg. 

h2o 

co2 

H20  COj 

Before 

3.5 

0.09  0.00 

0.07  0.02 

After 

4.5 

0.11 

0.07 

0.35  0.07 

o  be  displaced  completely  by  air.  In  the  routine  procedure, 
he  period  of  purging  may  be  used  advantageously  for  weighing  a 
tew  set  of  absorbers  and  samples. 

Effect  of  Catalyst  Temperature  and  Oxygen  Flow  Rate 
jpon  Completeness  of  Combustion.  Several  different  types 
f  compounds  were  burned  at  various  copper  oxide  catalyst  tem- 
leratures  and  at  different  oxygen  flow  rates;  the  results  of  these 
ests  are  given  in  Table  III.  The  samples  used  were  commercially 
;  vailable  materials  of  unknown  purity.  For  the  purpose  of  these 
lomparisons,  it  was  assumed  that  the  combustion  was  complete 
vrhen  duplicate  results  were  obtained  at  two  widely  different 
■xygen  flow  rates.  The  results  obtained  indicate  that  the  copper 
•xide  catalyst  must  be  maintained  above  750°  C.  unless  low 
■xygen  flow  rates  and,  consequently,  longer  combustion  times 
,re  used.  However,  temperatures  above  800  °  C.  must  be  avoided, 
since  Corning  No.  172  Pyrex  generally  is  not  satisfactory  at  such 
emperatures,  even  when  well  supported. 

Precision  and  Accuracy.  The  precision  of  both  procedures 
?as  determined  by  repeated  analysis  of  a  sample  of  neutral  oil; 
he  results  are  given  in  Table  IV.  The  probable  deviation  is 
1^0.02%  hydrogen  and  =*=0.05%  carbon  for  the  routine  pro¬ 


eight  determinations  can  be  made  in  an  8-hour  day 
by  the  routine  procedure,  provided  the  furnaces  are 
at  the  operating  temperature  at  the  beginning  of 
the  day. 

DISCUSSION 

The  merits  of  the  described  apparatus  and 
procedures  are  principally  due  to  the  adapta¬ 
tion  of  previously  known  practices  and  to  the 
emphasis  placed  on  adequate  control  of  the  combustion 
operations  rather  than  to  the  development  of  new  ideas  and 
techniques.  The  principle  of  introducing  oxygen  at  two  points 
in  the  combustion  tube  was  successfully  used  by  Dennstedt  (3), 
but  this  idea  has  not  usually  been  incorporated  in  the  classical 
methods.  In  the  present  apparatus,  the  double  oxygen  inlet  is 
advantageously  used  in  combination  with  the  indicator  strip 
and  the  sensitive  flowmeters  for  instant  indication  of  the  enter¬ 
ing  and  excess  oxygen  flow  rates.  This  system  provides  a  con¬ 
venient  and  safe  means  of  controlling  the  combustion  so  that  the 
combustion  can  be  made  at  the  maximum  possible  rate  while  still 
maintaining  the  proper  conditions  to  ensure  complete  oxidation. 
With  the  catalyst  temperature  and  flow  rates  employed,  experi¬ 
ence  has  shown  that  excess  oxygen  must  be  present  at  all  times  in 
the  catalyst  section  in  order  to  ensure  complete  combustion  of 
materials  that  crack  easily  to  form  methane,  etc.  There  is  also 
some  indication  that  the  use  of  the  double  oxygen  inlet  materially 
reduces  the  possibility  of  explosion  when  burning  inflammable 
materials. 

The  rotameter-type  flowmeter  is  a  decided  improvement  over 
the  conventional  bubble-counter-type  flowmeter.  The  rotameter 


edure,  and  is  =*=0.008%  hydrogen  and  =*=0.009%  carbon  for  the  flowmeter  acts  instantly,  continuously  indicates  the  prevailing 

decision  procedure.  It  is  believed  that  the  precision  of  the  rate  of  flow,  and  becomes  more  sensitive  as  the  flow  rate  is  de- 


nethod  is  determined  to  a  great  extent  by  the  accuracy  of  the  creased.  The  gas  flow  rates  employed  in  the  authors’  procedures 

weighings.  The  precision  of  the  precision  method  could  probably  are  higher  than  rates  at  which  bubbles  can  be  counted  and  thus 
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Table  V.  Accuracy  of  Routine 

Procedure 

Material 

Carbon* 1 2 3 4 5 6 7 8 9 10 

Hydrogen* 

%  by  weight 

Naphthalene 

93.75 

6.40 

93.83 

6.35 

93.64 

6.30 

93.66 

6.30 

Average 

93.72 

6.34 

Theory 

93.71 

6.29 

Toluene 

91.05 

8.84 

91.12 

8.85 

91.15 

8.82 

91.18 

8.84 

Average 

91.12 

8.84 

Theory 

91.25 

8.75 

Benzoic  acid  (Mallinckrodt’s 

68.84 

5.08 

analytical  reagent  quality) 

68.90 

4.99 

68.87 

4.98 

68.84 

4.98 

Average 

68.86 

5.01 

Theory 

68.84 

4.95 

Nitrobenzene 

58.58 

4.08 

58.53 

4.08 

58.53 

4.07 

Average 

58.55 

4.08 

Theory 

58.53 

4.09 

p-Nitrophenol 

51.89 

3.61 

51.88 

3.60 

51.78 

3.61 

Average 

51.85 

3.61 

Theory 

51.80 

3.62 

Ammonium  thiocyanate 

15.95 

5.32 

15.99 

5.37 

Average 

15.97 

5.34 

Theory 

15.78 

5.30 

Acetanilide  (NBS  standard 

71.13 

6.80 

sample  141) 

71.10 

6.72 

71.06 

6.77 

Average 

71.10 

6.76 

Theory 

71.09 

6.71 

Cystine  (NBS  standard  sample 

29.89 

5. 10 

143) 

29.95 

5.08 

29.95 

5.09 

Average 

29.93 

5.09 

Theory 

29.99 

5.04 

Benzoic  acid  (NBS  sample  39f) 

68.79 

5.01 

68.78 

5.02 

68.76 

5.00 

Average 

68.78 

5.01 

Theory 

68.84 

4.95 

a  Corrected  to  a  vacuum  basis. 


give  a  reliable  indication  of  the  flow  rate.  Furthermore,  when 
bubble  counters  are  used,  there  is  always  a  possibility  of  contami¬ 
nating  the  gases  or  connecting  lines  with  the  liquid  used  in  the 
counter. 

The  use  of  resistance  wire  wound  directly  on  the  combustion 
tube  to  heat  the  sample  section  was  used  successfully  by  Baxter 
and  Hale  ( 1 ).  The  low  heat  capacity  of  this  type  of  sample 
heater  makes  possible  a  rapid  change  in  heating  rate  by  the  simple 
process  of  adjusting  a  rheostat  or  a  variable  transformer.  It  pro¬ 
vides  complete  visibility  of  the  sample  during  combustion,  ade¬ 
quate  control  at  all  times,  and  quick  cooling  after  the  combustion 
is  complete.  An  attempt  was  made  to  control  the  combustion  of 
the  sample  by  the  use  of  a  fully  heated  furnace  section  which  was 
slowly  moved  forward  over  the  sample  by  means  of  a  crank  and 
screw  arrangement  similar  to  that  used  for  microcombustions 
(5,  8 )  except  that  it  was  operated  manually.  This  arrangement 
was  moderately  successful,  but  it  required  considerably  more 
attention  from  the  operator  than  the  resistance  wire  wound  di¬ 
rectly  on  the  glass  tube.  When  the  described  heater  is  used,  the 
combustion  proceeds  with  very  little  attention  once  the  proper 
rate  has  been  established. 


Table  VI. 

Accuracy  of  Precision 

Procedure 

Material 

Carbon3 

Hydrogen' 

%  by  weight 

Benzoic  acid  (NBS 

standard 

68.830 

4.963 

sample  39f) 

68.830 

4.966 

68.828 

4.962 

Average 

68.829 

4.964 

Theory 

68.843 

4.953 

°  Corrected  to  a  vacuum  basis. 


Table  VII.  Time  Required  for  Two  Simultaneous  Analyses  b' 
Routine  and  Precision  Procedures 


Operation 

Weigh  absorbers  (4) 

Weigh  samples  (2) 

Connect  absorbers,  insert  samples 
Make  combustion 
Purge  with  air 

Prepare  absorbers  for  weighing 
Equilibrate  absorbers 
Weigh  absorbers  (4) 

Calculate  results 

Total  elapsed  time  for  2  analyses 
Total  working  time  for  2  analyses 


Time  in  Minutes 


Routine 

procedure 

8 

8 

7 

55 

15 

7 
20 

8 
3 

131 

96 


Precision 

procedur 

45 

35 

7 

155 

30 

7 

45 

45 

10 

379 

304 


The  ground  joint  with  sealed-in  capillary  used  on  the  end  of  th< 
combustion  tube  is  similar  to  that  employed  by  Baxter  and  Hah 
CO-  This  design,  together  with  the  Duraluminum  heat  transfe: 
block,  has  eliminated  any  trouble  arising  from  the  condensatioi 
of  water  in  the  exit  end  of  the  combustion  tube. 

During  5  years,  approximately  6500  carbon  and  hydrogen  de 
terminations  have  been  made  with  the  aid  of  one  dual  unit.  Dur¬ 
ing  this  time,  the  apparatus  and  procedure  have  given  satisfac¬ 
tory  results  in  the  routine  analysis  of  the  following  materials : 

(1)  Hydrocarbons,  such  as  paraffins,  aromatics,  naphthenes 
aviation  gasoline  and  other  low-boiling  materials. 

(2)  Oxygen-containing  materials,  such  as  alcohols,  phenols 
glycols,  ethers,  esters,  ketones,  aldehydes,  and  acids. 

(3)  Sulfur-containing  materials,  such  as  mercaptans,  sulfides 
disulfides,  and  thiophenes. 

(4)  Nitrogen-containing  materials,  such  as  amines,  amides 
cyanides,  cyanates,  hydrazines,  pyridines,  and  nitro  compounds 

(5)  Halogen-containing  materials,  such  as  alkyl  mono-  and  di¬ 
chlorides,  and  alkyl  bromides.  • 

(6)  Various  mixtures  of  the  above-mentioned  elements. 

(7)  Esters  of  iron,  aluminum,  and  copper. 
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Microdetermination  of  Halogens  and  Sulfur 

Using  the  Grote  Combustion  Apparatus 

O.  E.  SUNDBERG  AND  G.  L.  ROYER 

Microanalytical  Laboratory,  Calco  Chemical  Division,  American  Cyanamid  Company,  Bound  Brook,  N.  J. 


Automatic  combustion  methods  for  the  determination  of  sulfur, 
chlorine,  bromine,  and  iodine  are  described.  By  the  use  of  a 
modified  Grote  combustion  tube  in  combination  with  volumetric 
procedures,  satisfactory  micromethods  have  been  developed.  The 
indicators  used  are  dipotassium  rhodizonate  for  sulfur,  dichloro- 
Ruorescein  for  chlorine  and  bromine,  and  starch  solution  for  iodine. 
The  largest  standard  deviation  for  these  methods  was  found  to  be 
±0.14%  for  sulfur,  ±0.10%  for  chlorine,  ±0.17%  for  bromine, 
and  ±0.15%  for  iodine  in  the  group  of  compounds  analyzed. 
Methods  are  also  described  for  the  acid-base  titration  of  sulfur  (in 
the  absence  of  acid-forming  elements  other  than  carbon)  and  for  the 
determination  of  traces  of  chlorine  employing  a  turbidimetric 
estimation  of  the  chloride  ion. 

COMBUSTION  methods  for  the  determination  of  halogens 
and  sulfur  were  among  the  first  microchemical  procedures 
suggested  by  Pregl.  Other  methods  for  the  decomposition  of  the 
sample,  such  as  the  micro-Carius  and  the  Parr  microbomb,  have 
been  described  by  Niederl  and  Niederl  ( 9 ).  Huffman  (7)  has 
described  a  combustion  method  for  sulfur  in  which  the  sulfur  ox¬ 
ides  are  adsorbed  on  metallic  silver.  Hallett  and  Kuipers  ( 6 ) 
have  described  a  combustion  and  titration  procedure  for  sulfur 
similar  to  that  used  in  this  laboratory  and  have  summarized  the 
literature  on  the  sulfur  determination.  Another  modified  com¬ 
bustion  method  originally  developed  on  the  macro  scale  for  halo¬ 
gens  and  sulfur  by  Grote  and  Krekeler  (4)  and  later  on  a  micro 
scale  for  sulfur  by  Schoberl  (13)  has  been  described  and  used  in 
Germany.  (Reference  is  made  in  this  paper  only  to  Grote,  in 
rrder  to  conform  with  the  original  Jena  literature  describing  the 
apparatus.)  Wurzschmitt  and  Zimmerman  (15)  modified  the 
original  Grote  combustion  tube  and  used  it  in  the  macrodetermina- 
:ion  of  halogens,  sulfur,  mercury,  and  selenium  in  organic  com¬ 
pounds;  sulfur  in  volatile  inorganic  materials  such  as  iron  pyrites; 
and  carbon  by  the  absorption  of  the  carbon  dioxide  in  alkali  fol¬ 
lowed  by  a  modified  Winkler  titration  technique. 

Previous  to  the  war,  a  Grote  microapparatus  was  obtained 


from  Germany  and  was  used  in  this  laboratory  for  a  number  of 
years.  During  the  past  few  years,  Grote  combustion  tubes  made 
from  fused  quartz  and  also  from  Vycor  silica  glass  No.  790  have 
been  used.  The  apparatus  is  now  available  from  domestic 
sources  (Arthur  H.  Thomas,  Philadelphia,  Pa.;  Corning  Glass 
Works,  Corning,  New  York;  Thermal  Syndicate,  Ltd.,  New  York, 
N.  Y.). 

COMBUSTION  FURNACE 

Electrical  units  have  been  found  to  be  the  most  satisfactory 
means  for  heating  the  combustion  tube.  Figure  1  shows  an  auto¬ 
matic  apparatus  as  set  up  in  this  laboratory.  It  is  similar  in  con¬ 
struction  to  that  previously  described  (11)  for  the  determination 
of  nitrogen  by  combustion,  but  other  designs,  such  as  those  of 
Hallett  (5),  Clarke  and  Stillson  (2),  and  another  design  described 
by  the  authors  (12)  would  also  be  suitable. 

Three  furnaces  are  used,  as  can  be  seen  in  Figure  1.  One  is  a 
short  movable  furnace  (8.5  cm.  long)  heated  to  750°  C.,  which  is 
used  for  the  combustion  of  the  sample.  The  speed  and  tempera¬ 
ture  of  the  movable  furnace  may  be  varied  to  suit  the  rate  of  com¬ 
bustion  of  the  material  being  burned.  This  is  followed  by  a  long 
stationary  furnace  (18.5  cm.  long)  also  at  750°  C.,  which  heats  the 
portion  of  the  combustion  tube  containing  the  sintered  frits.  The 
function  of  the  third  short  furnace  (8.5  cm.  long),  which  is 
heated  to  350°  C.,  is  to  prevent  condensation  of  vapor  in  the  exit 
end  of  the  combustion  tube  and  in  the  ground-glass  joint  which 
connects  the  two  pieces  of  apparatus.  Details  on  construction 
have  been  amply  described  in  the  references  given. 

COMBUSTION  TRAIN  AND  AUXILIARY  EQUIPMENT 

The  combustion  train  consists  of  a  Grote  combustion  tube  and 
a  Grote  absorber  through  which  oxygen  is  drawn  by  means  of  a 
slight  vacuum.  An  aspirator  pump  or  house  vacuum  is  satisfac¬ 
tory.  Before  entering  the  combustion  tube,  the  oxygen  passes 
through  a  pressure  regulator  filled  with  concentrated  sulfuric 
acid,  a  safety  trap,  and  a  U-tube  containing  Ascarite  to  remove 
any  sulfuric  acid  mist.  Figure  2  shows  the  Grote  combustion  tube 
with  specifications,  and  Figure  3  the  Grote  absorber.  Figure  1 
shows  them  assembled  in  the  authors’  setup. 

The  combustion  tube  may  be  made  of  fused 
quartz  containing  sintered-quartz  frits  or  of 
Vycor  silica  glass  No.  790,  in  which  case  the 
frits  are  of  the  corresponding  material.  Glass  is 
not  satisfactory  because  of  the  high .  tempera¬ 
tures  required  in  the  sintered-frit  portions  of  the 
combustion  tube.  A  satisfactory  porosity  of  the 
frit  in  the  absorber  is  such  that  0.5  ml.  of  water 
per  minute  will  flow  through  the  frit  at  atmos¬ 
pheric  pressure.  Similar  measurements  of  the 
two  frits  in  the  combustion  tube  gave  a  flow 
rate  of  1.33  ml.  of  water  per  minute.  It  is  felt 
that  the  porosity  of  the  frits  in  the  combustion 
tube  should  not  be  greater  than  that  indicated 
above. 

REAGENTS 

Combustion  is  carried  out  in  an  atmosphere 
of  oxygen.  The  oxygen  need  not  necessarily  be 
free  of  water,  but  must  not  contain  halogen  or 
sulfur.  The  following  reagents  are  required : 

For  Determination  of  Sulfur.  Barium 
chloride,  0.01  N  (standardized  gravimetrically 
by  barium  sulfate  method). 

Bromine,  saturated  water  solution. 

Sodium  hydroxide,  0.1  N. 

Hydrochloric  acid,  0.05  N. 


Figure  1 .  Automatic  Apparatus  Setup 
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Phenolphthalein  indicator  solution. 

Alcohol,  95%  (3A  grade). 

Sulfuric  acid,  0.01  N  (standardized  by  acid-base  titration 
against  sodium  hydroxide  which  has  been  standardized  against 
Bureau  of  Standards  potassium  acid  phthalate) . 

Dipotassium  rhodizonate  indicator,  made  by  dry  grinding  0.5 
gram  of  dipotassium  rhodizonate  with  49.5  grams  of  cane  sugar. 

F or  Determination  op  Chlorine  and  Bromine.  Hydrogen 
peroxide  (reagent  grade),  3%,  made  by  diluting  30%  Superoxol. 

Silver  nitrate,  0.01  N. 

Sodium  acetate,  saturated  water  solution. 

Acetone,  c.p. 

Dichlorofluorescein  indicator  prepared  by  dissolving  0.01  gram 
of  dichlorofluorescein  in  100  ml.  of  60%  alcohol  to  which  are  added 
2.5  ml.  of  0.01  N  sodium  hydroxide. 

Hydrazine  sulfate,  saturated  water  solution  (bromine  deter¬ 
mination  only). 

For  Determination  of  Iodine.  Sodium  hydroxide,  5%. 

Sodium  acetate,  20%. 

Solution  of  sodium  acetate  in  glacial  acetic  acid,  10%. 

Bromine,  free  from  iodine. 

Formic  acid,  90%. 

Potassium  iodide. 

Sodium  thiosulfate,  0.01  N. 

Sulfuric  acid,  1  to  2. 

Starch  indicator  solution. 

Potassium  biiodate  for  standardization  of  the  sodium  thiosul¬ 
fate  solution. 


PROCEDURE  FOR  COMBUSTION 

The  absorbing  solution  used  in  the  Grote  absorber  depends  on 
the  nature  of  the  analysis.  Sodium  hydroxide  solutions,  0. 1  A"  and 
5%,  are  used  in  the  determination  of  sulfur  and  iodine,  respec¬ 
tively,  while  3%  hydrogen  peroxide  is  used  in  the  determination 
of  chlorine  and  bromine.  Dilute  hydrogen  peroxide  cannot  be 
used  as  the  absorbing  medium  for  sulfur  determinations  where 
dipotassium  rhodizonate  is  used.  Apparently  even  traces  of  hy¬ 
drogen  peroxide  remaining  in  solution  after  attempts  to  destroy 
it  by  boiling  in  acid  solution  tend  to  destroy  the  color  of  this  indi¬ 
cator.  This  has  also  been  noted  by  Hallett  and  Kuipers  (6). 
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Figure  2.  Grote  Combustion  Tube 


Five  milliliters  of  the  appropriate  solution  are  introduced  into 
the  top  of  the  absorber.  By  means  of  a  rubber  pressure  bulb  (5  X 
7  cm.),  approximately  one  half  of  the  solution  is  forced  through 
the  frit  into  the  U-portion  of  the  absorber  while  the  other  half  re¬ 
mains  above  the  frit.  The  absorber,  previously  heated  over  a 
flame  to  remove  moisture  from  the  joint,  is  connected  to  the 
ground  joint  of  the  combustion  tube  in  the  350  °  C.  furnace.  Since 
the  thermal  coefficients  of  expansion  of  the  combustion  tube  and 
the  absorber  are  different,  the  joint  must  be  disconnected  while  the 
apparatus  is  still  hot.  The  exit  end  of  the  absorber  is  connected 
to  the  vacuum  line,  the  vapor  trap  being  inserted  between  the 
absorber  and- the  source  of  vacuum.  It  has  been  found  that  the 
rate  of  oxygen  flow  through  the  tube  can  vary  between  wide  lim¬ 
its.  In  general,  a  fairly  rapid  stream  of  oxygen,  about  60  ml.  per 
minute,  should  be  maintained.  This  rate  of  flow  corresponds  to 
about  70  bubbles  of  oxygen  per  minute  passing  through  the  U- 
portion  of  the  Grote  absorber  which  serves  as  flowmeter  or  bubble 
counter. 

The  platinum  boat  containing  the  weighed  sample  which  may 
vary  from  4  to  20  mg.,  depending  upon  the  per  cent  halogen  or 
sulfur  in  the  compound,  is  inserted  into  the  combustion  tube  at  a 
distance  of  about  3  cm.  from  the  stationary  furnace.  The  com¬ 
bustion  tube  is  then  closed  with  a  rubber  stopper,  the  movable 
furnace  brought  to  within  about  5  cm.  of  the  stationary  furnace, 
and  the  automatic  time  switch  set  for  a  20-minute  period  of  com¬ 
bustion.  In  the  authors’  apparatus,  this  switch  starts  the  motion 


of  the  movable  furnace  and  also  turns  on  the  current  to  heat  the 
furna.ce  to  the  required  temperature  of  about  750 0  C.  During  this 
20  minutes  the  furnace  will  have  moved  over  the  sample  and  the 
combustion  will  be  complete. 

Some  difficulty  has  been  experienced  with  back-firing.  The  orig¬ 
inal  Grote  combustion  tube  has  a  one-hole  disk  fused  inside  the 
tube  about  5  cm.  in  front  of  the  first  sintered  frit.  As  originally 
designed,  the  function  of  this  disk  was  to  prevent  back-firing  dur¬ 
ing  the  combustion.  On  the  basis  of  a  large  number  of  determi¬ 
nations,  it  was  felt  that  this  disk  was  not  desirable.  It  was  thought 
that  the  tendency  of  low-melting  compounds  to  back-fire  was  ap¬ 
parently  due  to  the  abnormal  concentration  of  vapors  and  liquid 
distillate  collecting  in  front  of  this  disk,  thus  causing  the  formation 
of  explosive  mixtures.  A  modified  Grote  combustion  tube  was 
constructed  without  this  disk.  In  the  use  of  this  tube,  a  roll  of 
platinum  gauze  about  6  cm.  long  is  inserted  in  front  of  the  first 
frit  so  that  about  2  cm.  extends  out  of  the  stationary  furnace. 
Using  this  procedure,  the  back-firing  has  been  greatly  reduced. 


Table  I.  Determination  of  Efficiency  of  Grote  Absorber 

0.01  N  NaOH 

Sulfur  Taken,  Mg.  Required,  Ml.  Sulfur  Found,  % 

5.032  31.45  100.2 

4.138  25.88  100.3 


DETERMINATION  OF  SULFUR 

Compounds  Containing  Only  Carbon,  Hydrogen,  Oxygen, 
and  Sulfur.  It  is  obvious  that  if  the  compound  contains  only 
carbon,  hydrogen,  oxygen,  and  sulfur,  the  sulfur  determination 
can  be  carried  out  as  an  acid-base  titration.  In  this  case,  the 
oxidation  products  are  absorbed  in  neutralized  3%  hydrogen  per¬ 
oxide  solution,  and  after  any  carbon  dioxide  has  been  expelled  by 
boiling,  the  sulfuric  acid  is  titrated  with  0.01  N  sodium  hydroxide 
in  the  presence  of  methyl  red  indicator. 

The  efficiency  of  the  Grote  absorber  was  checked  by  combus¬ 
tion  of  c.p.  sulfur  (Table  I). 

Compounds  Containing  Carbon,  Hydrogen,  Oxygen, 
Sulfur,  Nitrogen,  Alkali  Metals,  and  Halogens.  Sulfur 
in  the  presence  of  halogens  and  nitrogen  cannot  be  determined  by 
acid-base  titration,  but  it  can  be  determined  volumetrically,  us¬ 
ing  standard  barium  chloride. 


The  oxidation  products  which  have  been  absorbed  in  the  0.1  N 
sodium  hydroxide  are  washed  from  the  Grote  absorber  in  the  fol¬ 
lowing  manner:  The  vapor  trap  is  removed  and  attached  to  the 
small  rubber  pressure  bulb,  the  joint  and  inside  of  the  vapor  trap 
are  rinsed  once  with  distilled  water,  and  the  washings  forced  into 
a  125-ml.  stoppered  Erlenmeyer  flask.  The  vertical  joint  and  the 
upper  half  of  the  absorber  are  rinsed  twice  with  5-ml.  portions  of 
water  and  the  washings  and  absorption  products  forced  through 
the  frit  into  the  flask  by  opening  the  stopcock.  Then  the  lower 
half  of  the  absorber  is  rinsed  by  introducing  distilled  water 
through  the  horizontal  joint,  shaking,  and  inverting  the  absorber, 
so  that  the  wash  water  reaches  all  parts  of  the  lower  half  of  the 
absorber.  The  washings  are  drained  into  the  flask  as  before. 
This  washing  is  repeated  two  times,  using  about  5  ml.  of  water 
each  time.  If  the  per  cent  of  sulfur  is  known  to  be  low,  less  than 
approximately  7%,  a  better  titration  is  obtained  if  5  ml.  of  stand¬ 
ardized  0.01  N  sulfuric  acid  are  added  at  this  point  and  later  sub¬ 
tracted  from  the  total,  titration. 

Five  milliliters  of  saturated  bromine  water  are  added  to  oxidize 
any  sulfite  to  sulfate.  Then  5  ml.  of  0. 1  N  hydrochloric  acid  are 
added  and  the  solution  is  boiled  on  the  acid  side  to  expel  any  ex¬ 
cess  bromine  and  to  concentrate  the  volume  to  approximately  20 
ml.  It  is  then  cooled  in  ice  water,  and  2  drops  of  phenolphthalein 
solution  are  added  and  enough  0. 1  sodium  hydroxide  to  make 
the  solution  alkaline.  The  acidity  is  adjusted  with  0.05  N  hydro¬ 
chloric  acid  until  the  pink  color  just  disappears.  One  dipper  (ap¬ 
proximately  0.15  gram)  of  the  dipotassium  rhodizonate  indicator 
is  then  added,  followed  by  25  ml.  of  95%  alcohol  and  enough  water 
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to  make  the  volume  to 
50  ml.  (=<=5  ml.).  The 
amber-colored  solution  is 
then  slowly  titrated  with 
0.01  N  barium  chloride. 

At  the  first  appearance  of 
a  reddish  color,  the  titra¬ 
tion  should  be  stopped 
and  the  flask  vigorously 
shaken.  With  continued 
titration,  the  reddish 
brown  color  deepens  and, 
on  addition  of  1  to  2  drops 
of  0.01  N  barium  chloride, 
i  changes  to  a  deep  cherry 
)  red.  A  premature  end 
point  will  disappear  on 
!  shaking  in  15  to  30  sec¬ 
onds,  while  the  real  end 
point  is  stable  and  will 
persist  even  after  10 
minutes  of  shaking. 

The  detection  of  this 
end  point  has  been  open 
to  much  discussion.  The 
use  of  light  filters  first  sug- 
I  gested  by  Hallett  (6)  has 
been  adopted  in  this  labo¬ 
ratory  in  a  modified  form. 

This  light  filter,  which  is  a  Wratten  filter  No.  21  (Eastman  Ko¬ 
dak  Co.,  Rochester,  N.  Y.),  is  mounted  on  an  opal  glass  window, 
10  X  12.5  cm.  (4X5  inches)  of  a  small  box,  18.75  X  15  X  12.5 
cm.  (7.5  X  6  X  5  inches),  containing  a  40-watt  blue  frosted  bulb 
for  illumination.  The  opal  glass  area  is  divided  into  three  parts. 
The  upper  third  is  left  uncovered  and  the  lower  two  thirds  are 
.  covered,  respectively,  with  one  and  two  thicknesses  of  the  filter 
material.  Thus  the  flask  in  which  the  titration  is  being  carried 
out  can  be  illuminated  by  the  clear  portion  and  its  color,  viewed 
at  eye  level  by  transmitted  light,  compared  with  the  color  of  one 
and  two  layers  of  the  filter.  The  amber  color  of  the  solution  be¬ 
ing  titrated  corresponds  roughly  to  a  single  layer  of  the  filter  and 
persists  to  within  1  to  2  ml.  of  the  theoretical  end  point.  During 
the  remaining  1  to  2  ml.  thp  color  of  the  solution  gradually  be¬ 
comes  redder  and  approximates  that  of  two  layers  of  the  filter. 
The  only  function  of  the  filters  is  to  indicate  the  progress  of  the 
titration,  for  as  long  as  the  color  of  the  solution  corresponds 
roughly  to  two  layers  of  No.  21  Wratten  filter,  the  titration 
should  be  continued.  The  end  point  is  a  deep  cherry  red  which 
can  be  detected  without  relying  on  any  predetermined  exact 
color  match. 

In  low  concentrations  of  sulfate  ion  the  solubility  relation 
seems  to  favor  the  formation  of  the  barium  salt  of  rhodizonic  acid, 
as  is  apparent  from  the  reddish  color  of  the  solution.  In  concen¬ 
trations  of  sulfate  less  than  5  ml.  of  0.01  N  sulfuric  acid,  more  time 
i  and  shaking  are  required  to  establish  equilibrium  conditions  than 
in  the  case  of  higher  concentrations.  If  the  barium  chloride  solu¬ 
tion  is  run  in  fairly  rapidly  with  gentle  shaking,  a  red  color  indi¬ 
cates  that  an  end  point  is  obtained  below  the  stoichiometrical 
amount  required.  If  allowed  to  stand  for  a  few  minutes,  the  red 
color  disappears  and  the  original  amber  color  of  the  solution  re- 
*'  appears.  The  disappearance  of  the  premature  end  point  and  the 
I  establishment  of  the  equilibrium  can  be  hastened  by  vigorous 
I  shaking.  Since  the  red  color  produced  is  due  to  the  formation  of 

*  the  highly  colored  barium  salt  of  rhodizonic  acid,  its  premature 
I  appearance  in  the  presence  of  excess  sulfate  ions  indicates  that 
1  the  rhodizonic  ion  is  extremely  sensitive  to  barium  ions,  or  that 

*  barium  rhodizonate  forms  more*  rapidly  than  barium  sulfate. 

When  the  end  point  has  been  reached,  the  amount  of  0.01  N 
I  barium  chloride  used  is  noted.  From  this  a  titration  correction 
I  value  is  subtracted.  In  this  laboratory  it  has  been  found  to  be 
i  0.35  ml.  by  the  method  described.  This  correction  value  is  ap- 
I  parently  due  to  the  masking  of  the  red  color  of  the  barium  rhodi- 
»  zonate  by  the  yellow  color  of  the  dipotassium  salt.  It  is  deter- 
i  mined  by  titrating  a  known  quantity  of  0.01  N  sulfuric  acid  with 

*  0.01  N  barium  chloride  and  noting  the  value  to  be  subtracted  to 


give  the  correct  titration.  A  considerable  amount  of  gravimetric 
work  has  shown  that  sufuric  acid  standardized  as  0.01  N  as  an 
acid  Will  serve  within  the  experimental  error  of  this  method  as 
0.01  N  in  regard  to  the  sulfate  ion. 

In  the  case  of  alkali  sulfonates  or  in  the  combustion  of  com¬ 
pounds  which  may  leave  an  ash  that  would  hold  back  sulfate,  the 
platinum  boat  containing  the  weighed  sample  is  placed  in  a  plati¬ 
num  sleeve  to  prevent  any  loss  of  ash  by  spattering.  If  desired, 
the  nonvolatile  sulfur  (as  alkali  sulfate)  may  be  titrated  sepa¬ 
rately,  after  dissolving  in  water,  or  the  alkali  sulfate  solution  may 
be  combined  with  the  volatile  sulfur  and  the  two  titrated  together. 
The  method  is  applicable  to  organic  sulfur  compounds,  organic 
alkali  sulfonates,  salts  of  heavy  metals  of  sulfonic  acids  (except 
those  forming  insoluble  sulfates  in  which  case  some  of  the  sulfur 
is  retained  in  the  ash),  and  mixtures  of  organic  sulfur  compounds 
with  alkali  sulfates. 

The  per  cent  sulfur  is  calculated  from  the  following  formula: 


%S  = 


ml.  of  0.01  N  BaCb  X  0. 1603 
sample  (mg.) 


X  100 


Since  it  has  been  found  desirable  for  best  results  to  have  as 
constant  a  titration  volume  as  possible,  the  sample  size  is  usually 
chosen  to  give  a  titration  of  about  10  ml.  Table  II  relates  the 
per  cent  sulfur  with  the  sample  size  to  give  this  titration  with 
0.01  N  barium  chloride. 

The  precision  and  accuracy  of  the  method  can  be  shown  from 
the  results  of  a  series  of  analyses  on  six  purified  sulfur  compounds, 
the  purity  of  which  was  established  by  complete  elementary  anal¬ 
ysis  and  by  a  sulfur  determination  by  the  gravimetric  Parr  bomb 
macroprocedure.  A  variety  of  sulfur  compounds  was  included 
in  this  work  in  order  to  determine  whether  the  method  was  in¬ 
dependent  of  the  chemical  structure.  No  difficulty  was  ob¬ 
served  in  the  case  of  the  compounds  investigated.  The  results 
are  listed  in  Table  III. 

In  the  special  case  of  ionizable  water-soluble  organic  sulfates, 
preliminary  work  has  indicated  that  the  sulfate  ion  may  be  ti¬ 
trated  directly  with  barium  chloride  under  the  conditions  de¬ 
scribed  above. 


DETERMINATION  OF  CHLORINE  AND  BROMINE 

The  titration  of  chloride  and  bromide  with  silver  nitrate  in  the 
presence  of  adsorption  indicators  has  been  described  by  Fajans 
and  Wolff  ( 3 ),  Kolthoff  et  al.  (8),  and  Bullock  and  Kirk  (/). 


Table  II.  Relation  of  Sample  Size  and  Sulfur  Content 


s,  % 

Weight  of 
Sample,  Mg. 

0-7a 

15.0 

10 

12.0 

15 

9.0 

20 

7.0 

25 

6.0 

30 

5.0 

a  For  the  range  of  0  to  7%  sulfur,  5  ml.  of  0.01  N  sulfuric  acid  are  added 
and  later  subtracted  from  the  total  milliliters  of  barium  chloride  used. 


Table  III.  Precision  and  Accuracy  of  the  Volumetric  Micromethod 
for  Determination  of  Sulfur 


Per  Cent  Sulfur 


Empirical 

Formula 

No.  of 
Analyses 

Theory 

Parr 

bomb 

Micro 

volu¬ 

metric 

Standard 

Deviation 

CeHsNzS 

18 

22.86 

22.90 

22.97 

±0.  14 

C10H17O7N3S 

7 

9.90 

9 . 86 

10.08 

±0.14 

C9H12O4N2S 

7 

13.12 

13.21 

13.16 

±0.10 

CmHaiOsNiS 

7 

7.97 

7.87 

8.07 

±0.06 

CuHisChNsS 

7 

13.33 

13.54 

13.41 

±0.10 

C20H13O4N2SK 

9 

7.69 

7.61 

7.64 

±0.07 

C12H10O2S 

2 

14.68 

14.86 

14.77 
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Table  IV.  Precision  and  Accuracy  of  Volumetric  Micromethod  for 
Determination  of  Chlorine 


%  Chlorine 


Compound 

No.  of 
Analyses 

Theory 

Micro 

volu¬ 

metric 

Standard 

Deviation 

2,4-Dinitrochlorobenzene 

6 

17.53 

17.64 

±0.09 

1,8-Dichloroanthraquinone 

6 

25.63 

25.61 

±0.07 

CuHisNOCl 

6 

16.59 

16.69 

±0. 10 

Table  V.  Comparison  of  the  Parr  Bomb  Macromethod  and  the 
Volumetric  Micromethod  for  Determination  of  Chlorine 


No.  of 

Compound  Analyses 

Trianthrimide  A  2 

Trianthrimide  B  2 

Trianthrimide  C  2 

Trianthrimide  D  2 

Indonaphthol  blue  A  2 

Indonaphthol  blue  B  2 

Indonaphthol  blue  C  2 

Indonaphthol  blue  D  2 


%  Chlorine 


Micro 

Absolute 

Parr 

volu- 

% 

Bomb 

metric 

Difference 

1.30 

1.08 

0.28 

0.99 

1.07 

0.08 

1.05 

0.99 

0.06 

1.17 

1.18 

0.01 

2.26 

2.38 

0. 12 

3.62 

3.66 

0.04 

8.71 

8.89 

0. 18 

9.88 

10.04 

0.16 

The  absorbing  solution  (3%  hydrogen  peroxide,  reagent  grade) 
is  transferred  quantitatively  from  the  Grote  absorber  into  a  125- 
ml.  Erlenmeyer  flask  and  concentrated  to  approximately  10  to  20 
I-  Three  drops  of  saturated  sodium  acetate  and  20  drops  of  the 
dichlorofluorescein  indicator  are  then  added,  followed  by  10  ml.  of 
acetone.  Since  dichlorofluorescein  tends  to  become  colorless  in 
acid  solution,  it  may  be  necessary  to  add  more  than  3  drops  of 
saturated  sodium  acetate  solution  in  the  analysis  of  compounds 
containing  several  different  acid-forming  elements.  In  the  case 
of  the  bromine  determination,  it  is  advisable  to  add  2  drops  of  sat¬ 
urated  hydrazine  sulfate  solution  to  ensure  the  reduction  of  any 
bromate  which  may  have  formed  during  the  combustion  The 
halogen  is  then  titrated  with  0.01  N  silver  nitrate.  For  bbth  the 
chlorine  and  the  bromine  determinations,  the  indicator  used  is 
dichlorofluorescein  which  gives  a  rosy  pink  end  point.  No  correc¬ 
tion  value  is  required  for  this  titration. 


In  the  special  case  of  ionizable  water-soluble  organic  chlorides 
or  bromides  (except  reducing  substances),  the  halide  can  be  ti¬ 
trated  directly  with  silver  nitrate  after  addition  of  the  buffer, 
dichlorofluorescein  indicator,  and  acetone  as  described  above. 

Water-soluble  organic  iodides  may  also  be  titrated  directly 
with  silver  nitrate,  but  this  procedure  is  not  too  satisfactory  be¬ 
cause  of  the  unfavorable  factor  inherent  in  the  high  atomic  weight 
of  iodine. 

The  per  cent  halogen  is  calculated  as  follows: 

%  halogen  =  ^  AgNQ3  X  milliequivalent  X  100 

sample  (mg.) 

in  which  the  milliequivalents  have  the  values  0.355  and  0.799  for 
chlorine  and  bromine,  respectively. 

For  low  concentrations  of  chlorine  and  bromine,  it  is  advis¬ 
able  to  add  a  known  volume— i.e.,  5  ml.— of  a  0.01  N  halide  solu¬ 
tion  before  starting  the  titration.  This  is  necessary  in  order  to 
obtain  a  sharp  end  point,  since  the  mechanism  of  the  indicator 
requires  a  definite  minimum  quantity  of  the  colloidal  precipitate 
on  which  the  color  reaction  takes  place. 

The  precision  and  accuracy' of  this  method  have  been  checked 
by  the  analysis  of  pure  compounds  and  also  by  comparison  with 
results  by  the  gravimetric  Parr  bomb  macroprocedure  on  impure 
compounds  in  which  chlorine  was  present  as  either  a  major  con¬ 
stituent  or  an  impurity.  Tables  IV  and  V  show  typical  results 
for  chlorine. 

In  a  similar  manner  the  precision  and  accuracy  of  the  method 
v>  ith  regard  to  the  determination  of  bromine  were  checked  by  the 
analysis  of  pure  bromine  compounds.  The  results  are  listed  in 
Table  VI. 


Table  VI.  Precision  and  Accuracy  of  Volumetric  Micromethod  for 
Determination  of  Bromine 


%  Bromine 


Compound 

No.  of 
Analyses 

Theory 

Micro 

volu¬ 

metric 

Standard 

Deviation 

Benzalaeetophenone  dibromide 

6 

43.45 

43.57 

±0. 10 

C5HnN03SBr2 

6 

49.20 

49.28 

±0. 10 

Ci6H602N2Br4 

6 

55.34 

55.48 

±0.17 

DETERMINATION  OF  IODINE 

The  iodine  is  determined  by  an  iodometric  method  similar  to 
that  described  by  Niederl  and  Niederl  (3). 

The  absorbing  solution  (5%  sodium  hydroxide)  is  transferred 
quantitatively  from  the  Grote  absorber  into  a  125-ml.  glass-stop¬ 
pered  Erlenmeyer  flask  containing  5  ml.  of  20%  aqueous  sodium 
acetate  solution.  A  solution  of  5  ml.  of  10%  sodium  acetate  in 
glacial  acetic  acid  and  4  to  6  drops  of  bromine  are  then  added. 
The  excess  bromine  is  destroyed  by  the  addition  of  20  drops  of 
formic  acid.  Solid  potassium  iodide,  1  to  1.5  grams,  and  3  ml.  of 
1  to  2  sulfuric  acid  are  finally  added.  After  standing  for  5  min¬ 
utes  in  the  stoppered  flask,  the  liberated  iodine  is  titrated  with 
0.01  N  thiosulfate  solution  to  a  pale  yellow  color,  after  which 
starch  solution  is  added  and  the  titration  completed. 

During  the  combustion,  some  iodine  vapor  may  crystallize  out 
on  the  cool  portion  of  the  Grote  absorber.  In  such  cases,  an  aux¬ 
iliary  heating  device  should  be  used,  such  as  a  suitably  con¬ 
structed  copper  shield,  or  some  other  method  of  heat  transference. 

The  precision  and  accuracy  of  the  method  were  checked  by  the 
analysis  of  purified  iodine  compounds  (Table  VII). 


Table  VII.  Precision  and  Accuracy  of  Volumetric  Micromethod 
for  Determination  of  Iodine 


Compound 

No.  of 

%  Iodine 

Micro 

volu- 

Standard 

Analyses 

Theory 

metric 

Deviation 

4-Iodo-2-nitroani8ole 

8 

45.50 

45.42 

±0. 13 

4-Iodo-2-nitroaniline 

8 

48.09 

47.87 

±0. 11 

l-(2-Chloro-4-iodobenzeneazo-2- 

naphthol) 

6 

31.07 

30.90 

±0.15 

TRACES  OF  CHLORINE 

Small  quantities  of  chlorine  have  been  determined  by  a  com¬ 
bination  of  combustion  in  the  Grote  apparatus  and  the  estimation 
of  the  chloride  ion  by  turbidimetry. 

The  combustion  tube  is  cleaned  with  hot  dilute  nitric  acid  to 
remove  traces  of  inorganic  chlorides  which  may  have  remained  in 
the  tube  from  previous  combustions  and  which  tend  to  volatilize 
slowly  at  high  temperatures.  It  is  also  advisable  to  treat  a  new 
tube  in  a  similar  manner.  The  tube  is  then  tested  by  a  trial  run 
to  ensure  the  absence  of  any  blank.  The  sample  sizes  have  varied 
from  20  to  130  mg.,  depending  upon  the  amount  of  chlorine  pres¬ 
ent.  Three  per  cent  hydrogen  peroxide  (reagent  grade)  is  used  for 
absorbing  the  oxidation  products.  The  absorbing  solution  is  trans¬ 
ferred  to  a  test  tube  for  turbidimetric  comparison  with  standards 
prepared  from  known  quantities  of  0.01  N  hydrochloric  acid. 
Three  drops  of  dilute  nitric  acid,  one  drop  of  20%  silver  nitrate 
solution,  and  water  to  make  the  volume  up  to  20  ml.  are  added. 
The  turbidity  of  the  sample  is  compared  with  standards  against  a 
dull  black  background,  preferably  under  fluorescent  lighting. 
The  per  cent  chlorine  is  calculated  hs  follows: 

„  pi  0.355  X  ml.  of  0.01  N  HC1  X  100 
0  sample  (mg.) 

The  standard  deviation  was  found  to  be  =±=0.01%  chlorine 
when  the  amount  of  chlorine  was  in  the  range  of  0.1  to  0.2%  and 
samples  of  20  to  130  mg.  were  used  for  the  combustion.  With  a 
sample  weight  of  approximately  100  mg.  the  sensitivity  was  found 
to  be  about  0.007%  chlorine. 
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DISCUSSION 

Tetraliydroxyquinone  (THQ  sold  by  Betz  &  Company,  Phila¬ 
delphia,  Pa.)  has  been  suggested  by  several  authors  ( 6 )  as  the 
indicator  to  be  used  in  the  volumetric  sulfur  procedure.  The 
literature  indicates  that  this  material  is  the  disodium  salt  of  tetra- 
hydroxyquinone  diluted  with  some  inert  material  (14).  It  has 
been  shown  by  Preisler  (10)  that  tetrahydroxyquinone  is  a  mis¬ 
nomer  and  that  the  compound  is  in  reality  a  salt  of  rhodizonic 
acid.  A  sample  of  the  dipotassium  salt  of  rhodizonic  acid  (kindly 
furnished  by  P.  W.  Preisler  of  Washington  University  Medical 
School,  St.  Louis,  Mo.)  was  analyzed  in  this  laboratory  and 
found  by  determinations  of  carbon,  hydrogen,  and  potassium  to 
be  dipotassium  rhodizonate.  Spectrophotometric  curves  of 
solutions  of  commercial  tetrahydroxyquinone  (THQ  obtained 
from  Betz  and  Company)  and  a  solution  of  the  dipotassium  rho¬ 
dizonate  were  found  to  be  similar.  In  the  recent  work  reported  in 
this  paper,  the  dipotassium  rhodizonate  has  been  prepared  by  the 
procedure  described  by  Preisler,  but  in  much  of  their  earlier  work 
the  authors  used  the  so-called  THQ  which  they  now  believe  was  a 
salt  of  rhodizonic  acid. 

In  order  to  determine  the  most  favorable  concentration  of  the 
system,  water-organic  diluent,  various  concentrations  of  water- 
alcohol  and  water-acetone  mixtures  were  tried  in  titrating  a  con¬ 
stant  volume  of  0.01  A  sulfuric  acid.  The  organic  diluents  investi¬ 
gated  were  methyl,  ethyl,  and  isopropyl  alcohols  and  acetone.  In 
one  case,  the  organic  diluent  was  varied  from  0  to  45  ml.  and  in 


Figure  4.  Titrations  of 

Titration  of  5  ml.  of  0.01  N  sulfuric  acid  with 
in  each  case  made  up  to 


Organic  Diluents 

1.01  N  barium  chloride.  Total  volume 
>0  ml.  with  water 


the  remaining  cases  from  5  to  25  ml.  The  initial  volume  before 
titrating  was  50  ml.  ( ±  1). 

The  following  data  were  obtained  (shown  graphically  in  Figure 

4): 

The  titration  cannot  be  performed  in  a  wholly  aqueous  me¬ 
dium. 

The  most  favorable  composition  of  the  system,  water-organic 
diluent,  is  25  ml.  of  water  to  25  ml.  of  an  organic  diluent. 

The  effect  produced  by  increasing  the  concentration  of  the  or¬ 
ganic  diluent  from  0  to  25  ml.  is  striking.  In  each  case  a  sudden 
break  is  observed  within  very  narrow  limits. 

c.p.  ethyl,  methyl,  and  isopropyl  alcohols  were  found  to  be 
satisfactory  diluents.  Because  of  an  obscure  end  point,  acetone 
was  not  a  satisfactory  diluent. 

At  the  very  beginning  of  this  work  it  was  observed  that  a  titra¬ 
tion  correction  value  existed.  It  became  necessary,  therefore,  to 
determine  this  value  at  various  concentrations  of  sulfate — that  is, 
from  0.00  to  20.00  ml.  of  0.01  A  sulfuric  acid.  Two  cases  were 
considered:  (1)  the  titration  of  0.01 ‘A  sulfuric  acid  with  0.01  A 
barium  chloride,  and  (2)  the  same  series  of  titrations  in  the  pres¬ 
ence  of  5  ml.  of  0. 10  A  sodium  chloride.  The  latter  case  is  impor¬ 
tant  because  it  represents  the  conditions  of  an  actual  analysis. 

The  following  conclusions  were  drawn  from  the  data  obtained: 

In  both  cases,  by  using  the  method  of  titration  described,  a 
fairly  constant  titration  correction  value  existed  in  the  range  5.00 
to  20.00  ml.  of  0.01  A  sulfuric  acid.  The  correction  value  taken 
was  —0.35  ml.  of  0.01  A  barium  chloride. 

The  presence  of  5  ml.  of  0.10  A  sodium  chloride  does  not  inter¬ 
fere  with  the  titration  in  the  range  5.00  to  20.00  ml.  of  0.01  A  sul¬ 
furic  acid. 

In  the  absence  of  5  ml.  of  0.10  A  sodium  chloride,  the  lowest 
concentration  of  sulfate  that  can  be  titrated  is  about  2.00  ml.  of 
0.01  A  sulfuric  acid,  and  in  the  presence  of  the  salt  the  lowest 
concentration  is  about  5.00  ml.  of  0.01  A  sulfuric  acid. 

In  actual  practice,  the  minimum  sulfate  concentration  should 
not  be  less  than  5.00  ml.  of  0.01  A  sulfuric  acid. 

The  unusual  behavior  of  the  system  in  the  range  0.00  to  2.00 
ml.  of  0.01  A  sulfuric  acid  may  be  due  to  unfavorable  equilibrium 
conditions.  In  the  presence  of  5  ml.  of  0.10  A  sodium  chloride 
this  behavior  is  enhanced  and  extends  through  the  range  0.00  to 
5.00  ml.  of  0.01  A  sulfuric  acid. 

The  data  are  shown  graphically  in  Figure  5. 
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New  Head  for  Laboratory  Fractionating  Columns 

J.  D.  BARTLESON,  A.  L.  CONRAD,  and  P.  S.  FAY 
Chemical  Research  Division,  Standard  Oil  Co.  (Ohio),  Cleveland  6,  Ohio 


IN  DISTILLATION  systems,  take-off  heads  which  are  capable 
of  maintaining  a  constant  reflux  ratio  regardless  of  variations 
in  distillation  rate  and  other  factors  have  been  described  by 
Bruun  (1)  using  a  two-way  valve,  by  Carter  and  Johnson  (2) 
using  a  magnetically  operated  funnel,  and  by  Snyder  and  Steuber 
(S)  using  a  U-shaped  take-off  tube  and  pressurized  receiver  which 
is  intermittently  vented  to  the  still  pressure.  None  of  these 
devices  is  satisfactory  for  the  routine  laboratory  distillation  of 
petroleum  products  in  which  appreciable  amounts  of  condensed 
butane  hydrocarbons  are  to  be  measured.  These  low-boiling  com¬ 
ponents  tend  to  vaporize  in  the  take-off  line  and  re-enter  the 
column.  The  take-off  device  described  here  overcomes  this 
difficulty  and  has  the  further  advantages  of  high  throughput  and 
low  holdup. 

The  feature  of  this  take-off,  which  is  designed  for  a  totally  con¬ 
densing  head,  is  a  steel  ball  bearing  encased  in  glass.  This  as¬ 
sembly  is  seated  by  a  joint  ground  into  the  throat  of  a  glass  funnel 
leading  to  the  receiver.  F or  alternate  use  with  the  head,  a  double¬ 
type  condenser  utilizing  dry  ice  cooling  in  addition  to  the  con¬ 
ventional  type  is  described.  This  condenser  gives  efficient 
and  complete  condensation  of  C<  fractions.  It  avoids  the  trouble¬ 
some  change  from  dry  ice  to  liquid  coolant,  which  is  encountered 
in  the  operation  of  the  usual  dry  ice  head,  and  eliminates  the 
need  for  expensive  cooling  systems. 


Advantages  found  during  operation  are :  (1)  simplicity  of  opera¬ 
tion  due  to  automatic  take-off  with  variable  setting  for  reflux 
ratio;  (2)  ruggedness  of  construction;  (3)  protection  of  the  steel 
ball  from  corrosion  and  of  the  distillate  from  contamination; 
(4)  usefulness  for  high-temperature  distillation  because  of  a 
small  surface  area  and  vapor  volume;  (5)  usefulness  for  low- 
temperature  distillation  because  of  a  positive  closure  and  a 
variable  coolant;  (6)  high-capacity  take-off  valve  permitting 
rapid  distillation  of  large  volumes;  and  (7)  adaptability  to  vac¬ 
uum  distillations. 

The  construction  of  the  apparatus  requires  glass-blowing  skill. 
However,  it  can  be  made  readily  by  a  professional  glass  blower 
or  obtained  at  a  reasonable  cost  from  the  Euclid  Glass  Engineer¬ 
ing  Laboratory,  6  East  242nd  St.,  Euclid,  Ohio.  This  type  of 
distillation  head  may  be  made  to  fit  any  size  of  fractionating 
column  by  the  proper  choice  of  joint  sizes. 
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CONSTRUCTION  AND  OPERATION 

Figure  1  (left)  shows  the  side  view  of  the  head,  with  the  take¬ 
off  mechanism  enlarged  at  center.  The  steel  ball,  A,  eD cased 
in  glass  is  shown  in  position  for  total  reflux,  and  illustrates  the 
small  vapor  volume-free  space  and  liquid  holdup.  The  glass 
funnel,  B,  forms  a  tight  seal 
for  total  reflux,  the  conden¬ 
sate  from  the  drip  tip,  C, 
flowing  over  the  valve  and 
returning  to  the  column. 

During  take-off  a  cycle  timer 
connected  to  an  electro¬ 
magnet,  D  (heavy  duty-220- 
volt  alternating  current  coil 
900 ~  resistance),  operates  to 
pull  the  steel  ball  up  to  the 
position  of  the  dotted  line 
and  all  condensate  flows  into 
the  receiver.  At  the  end  of 
the  take-off  period,  the  valve 
reseats  by  gravity  and  con¬ 
densate  again  returns  to  the 
column.  It  has  been  found 
desirable,  for  best  operation, 
to  have  an  indentation  blown 
into  the  head  as  shown  at  E 
to  allow  closer  approach  of 
the  magnet  core  to  the  valve. 

Figure  1  (right)  shows  an  al¬ 
ternate  type  of  condenser  F 
permitting  the  use  of  coolant 
in  center  core  and  in  outer 
j  acket.  Replaceable  attach¬ 
ment  G  on  center  core  facili¬ 
tates  addition  of  dry  ice  to 
the  condenser,  necessary  for 
condensation  of  volatile  dis¬ 
tillates. 
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Proportional  Flow  Controller  for  L  iquids 

WILLIAM  R.  WILKINSON1  and  HAROLD  A.  BEATTY 
Chemical  Research  Laboratory,  Ethyl  Corporation,  Detroit,  Mich. 


A  PERENNIAL  problem  in  fractional  distillations  is  the 
accurate  control  of  reflux  ratio  with  a  variable  throughput. 
In  the  laboratory,  manual  control  guided  by  visual  observation 
of  the  flow  is  usually  satisfactory.  In  pilot-plant  and  larger 
installations  this  method  is  impractical  and  hence  many  con¬ 
trivances  have  been  devised  and  described  for  automatic  division 
of  the  flow  in  a  given  ratio.  These  generally  fall  into  two  classes, 
the  intermittent  take-off  type  and  the  proportional  condensing 
surface  type. 

Carter  and  Johnson  (5)  describe  a  device  employing  a  funnel 
moved  magnetically;  Brunn  ( 2 )  uses  a  two-way  valve  and 
capillaries;  Podbielniak  (4)  has  an  intermittently-opening  valve 
seated  in  the  take-off  tube;  Berg  ( 1 )  describes  a  proportional 
condensing  area  device.  Most  reflux  ratio  controllers  are 
difficult  and  expensive  to  build,  contain  delicate  moving  parts 
which  get  out  of  order,  and  are  intermittent  in  operation  or  of 
such  a  nature  that  the  ratio  may  be  varied  only  by  stages. 

A  proportional  flow  controller  free  from  these  defects  has  been 
developed  in  this  laboratory  and  used  successfully  on  a  5-inch 
diameter  column  for  one  year.  It  operates  on  the  principle  of 
directing  a  downflow  of  liquid  into  a  uniform,  free-falling  sheet 
or  curtain  which  is  split  into  two  parts  by  a  movable  divider. 

The  device  consists  of  an  upper  and  a  lower  compartment 
separated  by  a  horizontal  plate,  as  shown  in  the  schematic  cross- 
sectional  views  of  Figure  1.  This  plate  contains  a  narrow  slot 
through  which  the  entire  liquid  condensate  flows  by  gravity, 
the  liquid  flow  being  indicated  by  arrows  on  the  drawings.  Just 
below  and  parallel  to  the  slot  is  fixed  a  vertical  sharp-edged 
guide  plate  which  collects  the  liquid  as  a  uniform  falling  film. 
The  guide  plate  extends  down  into  a  movable  tray  having  a 
vertical  divider  plate  perpendicular  to  the  guide  plate;  the 


1  Present  address,  R.  T.  Vanderbilt  Co.,  East  Norwalk,  Conn. 


arrangement  of  the  slot,  the  guide  plate,  and  the  divider  plate 
is  shown  schematically  in  Figure  2.  The  divider  plate  has  a 
sharp  edge,  and  is  notched  to  fit  closely  around  the  guide  plate, 
so  that  it  cuts  the  falling  film  into  two  separate  parts,  each  of 
which  flows  out  of  one  end  of  the  tray  into  the  lower  compart¬ 
ment.  That  compartment  in  turn  is  divided  on  the  bottom  by 
a  vertical  plate,  underneath  the  movable  tray,  which  keeps  the 
two  liquid  streams  separated  as  they  spill  from  the  tray. 

The  dividing  tray,  which  is  supported  on  horizontal  rails  as 
shown,  can  be  moved  by  a  rod  projecting  through  a  packing  gland 
in  the  side  of  the  lower  compartment,  and  its  position  is  indicated 
by  a  pointer  on  the  rod.  The  length  of  the  tray,  and  the  position 
of  the  divider  plate,  may  be  designed  so  that  the  flow  can  be  split 
into  any  ratio  over  the  required  range,  which  can  be  anywhere 
between  zero  and  total  reflux. 

The  liquid  head  in  the  upper  compartment  is  determined  by 
the  input  rate  and  the  slot  dimensions,  and  the  only  variable  in 
the  liquid  sheet  leaving  the  slot  is  its  velocity.  Thus  the  instru¬ 
ment  is  independent  of  variations  in  throughput,  within  the  limit 
set  by  the  maximum  available  height  above  the  slot.  The  upper 
and  lower  compartments  are  connected  by  vent  fines,  so  that 
unequal  gas  pressures  cannot  develop.  The  vent  from  the 
upper  compartment  also  acts  as  an  overflow  line  into  one  end 
of  the  overflow  compartment,  in  case  the  rate  of  flow  becomes 
greater  than  the  capacity  of  the  slot. 

The  guide  plate  below  the  slot  maintains  the  continuity  and 
uniformity  of  the  falling  film,  and  this  constitutes  the  essential 
feature  which  makes  the  device  workable.  Without  it,  the 
velocity  of  the  liquid  will  usually  be  insufficient  to  form  a  con¬ 
tinuous  sheet  of  its  own  accord.  The  slot  itself  is  formed  of  two 
V-edged  plates  as  shown  in  Figure  1.  The  plates  were  made  as 
shown  because  the  edges  must  be  parallel  and  straight,  and  with 
the  soft  brass  which  was  used,  this  shape  appeared  to  offer  the 
best  chance  of  obtaining  these  qualities.  A  thin  hardened  plate, 


Left,  end  view.  Right,  side  view 
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ground  to  a  sharp  edge,  would  be  at  least  as  satisfactory,  and 
probably  better  than  the  shape  shown  in  Figure  1.  Although 
the  direction  of  the  Y  as  shown  does  not  make  the  slot  self-clean¬ 
ing,  it  is  necessary  to  have  it  as  shown  in  order  to  feed  all  the 
liquid  to  the  guide  plate.  (A  disk-type  metal  filter  with  low 
pressure  drop  was  used  on  the  feed  line  to  remove  any  scale 
or  sediment  from  the  liquid.)  With  the  exception  of  the  slot, 
which  must  be  fixed  accurately,  none  of  the  dimensions  are 
critical,  and  they  may  be  varied  to  suit  the  individual  require¬ 
ments. 

The  plates  are  adjustable,  so  that  the  liquid  head  necessary 
to  maintain  the  proper  flow  does  not  become  unreasonable.  The 


plates  are  adjusted  at  both  ends,  two  feeler  gages  being  used  to 
ensure  parallelism.  The  slot  width  is  determined  by  the  allow¬ 
able  liquid  head  and  the  density,  viscosity,  and  surface  tension 
of  the  liquid.  A  spacing  of  0.0045  inch  in  a  4-inch  long  slot  is 
sufficient  to  carry  a  flow  of  5  to  25  gallons  of  gasoline  per  hour 
at  a  maximum  head  of  15  inches,  and  to  provide  a  continuous 
sheet  of  liquid.  This  slot  was  tested  with  gasoline  at  reflux 
ratios  in  the  range  of  1  to  30.  The  ratios  predicted  from  the 
position  of  the  divider  were  obtained  with  an  accuracy  varying 
from  ±1%  at  a  ratio  of  1  to  ±10%  at  a  ratio  of  30,  throughout 
the  entire  range  of  5  to  25  gallons  per  hour.  This  degree  of  pre¬ 
cision  is  entirely  adequate  for  distillation  work,  but  can  be  further 
increased  by  lengthening  the  slot. 

While  the  present  device  was  designed  for  reflux  control,  it  is 
evidently  applicable  to  many  installations  where  it  is  desired 
to  split  a  liquid  stream  into  two  parts  of  given,  constant  ratio. 
Its  advantages  include:  no  moving  parts  in  operation;  wide 
and  continuous  range  of  ratios,  independent  of  throughput, 
pressure,  viscosity,  etc.;  continuous,  rather  than  intermittent, 
operation  with  relatively  low  holdup. 
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Improved  Apparatus  for  Karl  Fischer  Water  Determination 

RICHARD  KIESELBACH 
Bakelite  Corporation,  Bound  Brook,  N.  J. 


THE  need  for  excluding  atmospheric  moisture  from  a  Karl 
Fischer  titration  is  well  known;  it  is  equally  necessary,  for  high 
precision  tvork,  to  protect  the  apparatus  used  from  moisture  be¬ 
fore  the  titration.  Several  types  of  apparatus  to  accomplish  this 
end  have  been  proposed.  Almy,  Griffin,  and  Wilcox  ( 1 )  sug¬ 
gested  a  stopper  drilled  to  take  the  buret  tip,  stirrer,  and  elec¬ 
trodes,  and  machined  to  fit  into  an  ordinary  Erlenmeyer  flask. 
Wernimont  and  Hopkinson  (/)  modified  this  apparatus  by  ma¬ 
chining  the  stopper  to  a  standard  taper,  which  with  a  standard- 
taper  flask  gives  a  more  nearly  air-tight  joint,  and  replaced  the 
glass  stirrer  with  stainless  steel  for  the  sake  of  durability.  More 
recently,  an  all-glass  apparatus  was  described  by  Zerban  and 
Sattler  (5),  in  which  magnetic  stirring  is  used  with  a  semi-ball- 
neck  flask  having  a  side  neck  for  the  electrodes. 

The  apparatus  shown  in  Figure  1  is  an  all-glass  modification  of 
Wernimont  and  Hopkinson’s  apparatus.  In  use,  it  is  held  by  a 
clamp  on  the  upper  portion  and  connected  by  the  standard-taper 
10/30  joint  to  an  automatic  buret  of  the  overhead  reservoir  type. 
The  use  of  a  seating-type  joint  prevents  trapping  of  an  air  bubble 
at  this  point.  A  radio  tube  base  and  a  cable  connector  afford  a 
convenient  and  positive  means  of  electrical  connection  to  the 
titrimeter.  The  one-piece  construction  of  the  apparatus  elimi¬ 
nates  possibility  of  leakage  and  adds  to  convenience  of  assembly. 
A  glass  stirrer  is  used,  since  stainless  steel  is  subject  to  corrosion  by 
the  reagent.  Less  than  5  seconds  are  required  by  an  experienced 
operator  to  remove  the  flask  from  the  apparatus  and  unstopper 
and  connect  the  next  flask  to  be  titrated;  this  feature  is  also 
found  in  the  first  two  types  cited.  All  else  being  equal,  the  speed 
of  this  operation  determines  the  degree  of  precision  obtainable  in 
the  titration. 

The  dimensions  6f  the  apparatus  permit  use  of  a  250-ml. 
Erlenmeyer  flask  with  a  24/40  standard-taper  joint,  but  it  could 
be  modified  to  accommodate  other  sizes.  For  small-scale  titra¬ 
tions,  a  vessel  in  the  form  of  a  test  tube  with  a  24/40  joint  will 
permit  titration  of  volumes  down  to  about  5  ml. 

A  solvent-resistant  grease  should  be  used  on  the  buret  stopcock 
and  the  10/30  joint,  to  prevent  serious  leakage.  The  24/40 
joint  should  not  be  greased,  since  a  slight  amount  of  outward  air 
leakage  is  necessary  to  permit  addition  of  the  reagent;  it  is  some¬ 


times  necessary  to  grind  a  slight  groove  in  the  male  joint  to  this 
end.  An  efficient  moisture  trap  should  be  used  on  the  air  inlet  of 
the  buret.  (The  drying  tube  usually  supplied  with  the  buret  is 
too  small  to  be  effective.)  The  stirrer  should  be  connected  to 
the  motor  with  a  short  length  of  soft-rubber  tubing  to  prevent 
damage  due  to  misalignment.  Care  should  be  taken  to  ensure 
that  the  stirrer  paddles  clear  the  electrodes.  A  drop  or  two.  of 
light  machine  oil  in  the  glass  bearing  will  reduce  wear.  The  elec¬ 
trodes  should  be  kept  covered  with  a  spare  flask  between  titra¬ 
tions,  that  flask  being  kept  stoppered  when  not  in  use. 

TITRIMETER 

Serfass  (3)  has  described  an  electronic  titrimeter  suitable  for 
detecting  end  points  in  conductometric  and  potentiometric  titra¬ 
tions,  featuring  the  use  of  a  “magic  eye”  electron  ray  tube  for  the 
indicating  instrument.  McKinney  and  Hall  (2)  modified  the 
circuit  by  introducing  a  voltage  doubler,  giving  a  brighter  image 
in  the  eye.  This  circuit,  although  it  has  the  advantage  of  sim¬ 
plicity  and  low  cost,  suffers  from  two  faults  which  diminish  its 
usefulness.  Because  it  is  not  isolated  from  the  power  line,  and 
because  of  an  inefficient  filter  circuit,  the  magic  eye  image  is 
fuzzy  and  very  susceptible  to  interferences  such  as  that  caused 
by  a  stirrer  motor.  In  addition,  flickering  of  the  eye  is  sometimes 
caused  by  a  ground  to  the  electrodes  through  the  operator’s  body 
and  a  conducting  film  on  the  surface  of  the  buret,  when  the  buret 
is  connected  to  the  titration  vessel,  as  in  a  Karl  Fischer  titration. 

These  disadvantages  may  be  eliminated  by  adding  a  power 
transformer,  choke,  and  condenser,  in  accordance  with  the  dia¬ 
gram  shown  in  Figure  2.  A  clear,  sharp  image  in  the  magic  eye 
results  from  elimination  of  alternating  current  component 
through  the  improved  filter  circuit,  the  by-pass  condenser  be¬ 
tween  the  grid  and  cathode  of  the  magic  eye  tube,  and  the  con¬ 
nection  maintaining  the  heater  of  the  triode  at  the  same  direct 
current  potential  as  the  cathode.  Although  the  low  potential 
side  of  the  circuit  is  grounded,  no  deflection  of  the  eye  is  caused 
by  grounding  the  buret  through  the  operator’s  body.  This  effect 
is  eliminated  by  reduction  of  the  above-ground  potential  of  the 
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inherent  in  the  apparatus  and  the  technique  involved 
in  its  use,  as  opposed  to  sampling  errors  and  chemi¬ 
cal  or  physical  considerations  based  on  the  constitu¬ 
tion  of  the  sample.  The  standardization  of  Karl 
Fischer  reagent  against  water  was  chosen  as  meeting 
these  requirements. 

A  solution  containing  11.66%  by  weight  of  water 
in  methanol  was  made  up  in  a  dropping  bottle  having 
a  ground-in  medicine  dropper.  This  solution,  rather 
than  pure  water;  was  used  as  a  standard,  to  reduce 
the  effect  of  weighing  errors  upon  precision.  Approxi¬ 
mately  30  ml.  of  nearly  dry  methanol  were  placed  in 
a  250-ml.  standard-taper  Erlenmeyer  flask,  and  con¬ 
nected  to  the  titration  assembly.  The  trace  of  water 
present  was  titrated  with  Karl  Fischer  reagent  until 
one  drop  caused  the  magic  eye  to  remain  open  for 
about  30  seconds.  (Although  this  point  may  be  de¬ 
termined  with  a  stop  watch,  the  difference  in  time 
required  for  the  eye  to  close  after  the  next-to-last  drop 
and  the  last  drop  is  so  great  as  to  be  readily  apparent.) 
Approximately  1  ml.  of  the  standard  water  solution 
was  introduced  into  the  flask  as  rapidly  as  possible, 
and  titrated  as  before.  The  weight  of  standard  solu¬ 
tion  added  was  determined  by  difference. 

The  results  of  ten  such  titrations  are  given  in 
Table  I.  The  precision  is  of  the  same  order  of  mag¬ 
nitude  as  that  obtainable  with  moderate  care  in  any 
simple  acid-base  titration. 

LITERATURE  CITED 

(1)  Almy,  E.  G.,  Griffin,  W.  C.,  and  Wilcox,  C..S.,  Ind. 

Eng.  Chem.,  Anal.  Ed.,  12,  392  (1940). 

(2)  McKinney,  C.  D.,  Jr.,  and  Hall,  R.  T.,  Ibid.,  15,  460 

(1943). 

(3)  Serfass,  E.  J„  Ibid.,  12,  536  (1940). 

(4)  Wernimont,  G.,  and  Hopkinson,  F.  J.,  Ibid.,  15,  272 

(1943). 

(5)  Zerban,  F.  W.,  and  Sattler,  L.,  Ibid.,  18,  138  (1946). 


amplifier  grid  to  approximately  30  volts,  from  about  140  in  the 
case  of  the  voltage  doubler  circuit. 

Possibility  of  greatly  increased  sensitivity  can  be  introduced 
by  means  of  the  potentiometer  in  the  triode  cathode  circuit.  This 
is  sometimes  very  desirable  in  conductometric  titrations,  where 
impurities  cause  a  high  initial  conductivity  of  the  solution  being 
titrated.  A  similar  result  could  be  obtained  by  replacing  the 
potentiometer  with  a  fixed  resistor,  and  varying  the  grid  bias,  as 
in  Serfass’  original  circuit.  However,  the  desirability  of  keeping 
the  grid-to-ground  potential  as  low  as  possible  makes  the  arrange¬ 
ment  shown  more  satisfactory. 

Operation  of  the  titrimeter  is  identical  with  the  original  model. 
Like  the  voltage  doubler  model,  however,  it  can  be  used  only  on 
an  alternating  current  power  source. 

PRECISION 

In  order  to  measure  the  precision  obtainable  with  the 
apparatus,  it  was  desirable  to  confine  possible  deviations  to  those 


Table  I.  Standardization  of  Karl  Fischer  Reagent 


Weight  of  11.66% 

Volume  of 

Deviation 

Water  Solution 

K.F.  Reagent 

Water 

from  Mean 

Grams 

Ml. 

Mg./ ml.  reagent 

% 

0.8613 

30.75 

3.266 

0.0 

0.9231 

32.90 

3.272 

0.2 

1.0123 

36.22 

3.259 

0.2 

0.8252 

29.50 

3.262 

0.1 

0.9138 

32.61 

3.267 

0.1 

0.9330 

33.33 

3.264 

0.0 

0.9561 

34.08 

3.271 

0.2 

0.7196 

25.72 

3.262 

0.1 

0.8518 

30.39 

3.268 

0.1 

0.8181 

29.30 

3.256 

0.3 

Av.  3.265 

0.1 

Figure  2.  Electrometric  Titrimeter 


Determination  of  Chromium  by  Oxidation  with  Perchloric  Acid 

SIGMUND  SCHULDINER  AND  FREDERICK  B.  CLARDY,  Chemical  Laboratory,  Norfolk  Naval  Shipyard,  Portsmouth,  Va. 


THE  perchloric  acid  method  ( 2 ,  3,  4,  6)  for  the  determination  of 
chromium  essentially  consists  of  oxidation  of  chromium  to  the 
sexivalent  state  by  fuming  perchloric  acid.  The  oxidized  chro¬ 
mium  is  titrated  with  a  standard  ferrous  ammonium  sulfate  solu¬ 
tion  to  an  o-phenanthroline  end  point,  an  electrometric  end  point, 
or  a  permanganate  end  point  by  using  an  excess  of  reduetant 
and  back-titrating  with  potassium  permanganate  solution. 

Although  the  perchloric  acid  method  of  oxidation  is  widely 
used,  the  following  sources  of  error  have  been  observed : 

1.  Loss  of  chromium  by  volatilization  as  chromyl  chloride 
V,  5). 

2.  Reduction  of  chromium  by  hydrogen  peroxide  formed  in 
the  reaction  flask  (which  can  be  eliminated  by  rapid  cooling  of 
flask  and  contents). 

3.  Incomplete  oxidation  of  the  chromium  due  to  incomplete 
heating  (least  serious  of  the  three) . 

Experienced  analysts  have  various  methods  of  overcoming 
these  errors  and  obtaining  consistently  accurate  results.  This 
paper  presents  modifications  of  the  conventional  procedures 
which  have  been  satisfactorily  used  in  this  laboratory  for  over 
two  years. 

EXPERIMENTAL 

After  experimenting  with  vertical  air  and  water  condensers,  the 
authors  found  that  the  sources  of  error  in  the  perchloric  acid 
method  could  be  overcome  by  an  arrangement  of  apparatus  as 
shown  in  Figure  1. 


A  500-ml.  boiling  flask,  connected  with  ground-glass  connec¬ 
tions  by  a  U-tube  to  an  air  condenser,  contained  the  chromium 
solution  and  was  heated  by  means  of  an  electric  heater.  The  end 
of  the  air  condenser  was  submerged  about  0.6  cm.  (0.25  inch)  in  a 
beaker  of  water  which  served  to  recover  any  chromyl  chloride 
evolved.  The  water  hydrolyzed  the  chromyl  chloride  to  chromic 
acid  and  hydrochloric  acid: 

Cr02Cl2  +  2H20  =  H2Cr04  +  2HC1 

This  water  solution  was  titrated  and  the  chromium  deter¬ 
mined  was  added  to  the  chromium  figure  from  the  reaction  flask. 

The  experimental  results  in  Table  I  show  the  amount  of  chro¬ 
mium  that  can  be  volatilized  during  oxidation  with  perchloric 
acid.  The  first  and  second  determinations  of  part  A,  where  the 
chromium  was  oxidized  rapidly  by  intentionally  overheating  the 
reaction  flask,  show  that  loss  of  chromium  can  be  appreciable 
unless  oxidizing  conditions  are  carefully  controlled.  Tables  I  and 


Table  I.  Recovery  of  Evolved  Chromium 


N.B.S. 

Chromium 

Chromium 

Chromium 

Total 

Chromium 

Sample  No. 

Present 

Evolved 

Not  Evolved 

Found 

% 

% 

% 

% 

Chromium  titrated  with  ferrous  ammonium  sulfate  solution  standard 

ized  with  potassium  permanganate  solution 

101B 

18.50 

1.07“ 

17.45 

18.52 

18.50 

1.81“ 

16.67 

18.48 

18.50 

0.12 

18.36 

18.48 

18.50 

0.44 

18.05 

18.49 

121a 

18.68 

0.07 

18.63 

18.70 

18.68 

0.18 

18.58 

18.76 

B.  Chromium  titrated  with  ferrous  ammonium  sulfate  solution  standard¬ 
ized  with  N.B.S.  sample  101B  (sodium  chromate  dissolved  in  perchloric 
acid  and  reduced  with  TEO?) 


Mg. 

Mg. 

Mg. 

Mg. 

30.0 

0.1 

29.7 

29.8 

30.0 

0.2 

30.0 

30.2 

30.0 

0.0 

30.0 

30. 

30.0 

0.1 

29.6 

29.7 

“  Solutions  fumed  vigorously,  intentionally  to  drive  off  chromium. 


II  indicate  that,  by  recovery  of  chromyl  chloride,  chromium  can 
be  accurately  determined.  In  the  modified  procedure  careful  con¬ 
trol  of  the  oxidizing  conditions  is  not  necessary. 

Results  shown  in  Table  I,  B,  were  obtained  by  using  hydrogen 
peroxide  to  reduce  the  chromium  in  a  solution  of  sodium  chromate 
in  perchloric  acid;  the  chromium  was  then  reoxidized  by  the 
modified  procedure. 

Table  II  shows  that,  within  the  limits  of  experimental  error, 
the  chromium  was  completely  oxidized.  Hence  by  use  of  the  ap¬ 
paratus  and  procedure  described  the  chromium  factor  of  the 
standard  ferrous  ammonium  sulfate  solution  can  be  computed 
stoichiometrically.  The  chromium  results  therefore  do  not  de¬ 
pend  on  an  empirical  factor  but  can  be  derived  theoretically. 

PROCEDURE  FOR  HIGH-CHROMIUM  STEELS 

Place  0.2  gram  of  sample  in  a  500-ml.  boiling  flask  with  ground- 
glass  connections  that  can  be  fitted  to  an  air  condenser  (Figure  1) . 
Add  10  ml.  of  hydrochloric  acid  plus  5  ml.  of  1  to  1  nitric  acid,  and 
heat  until  sample  is  dissolved.  Then  add  25  ml.  of  perchloric 
acid,  and  heat  until  the  perchloric  acid  just  starts  to  fume. 
Connect  the  reaction  flask  to  the  air  condenser  and  place 
the  beaker  with  about  75  ml.  of  water  in  position  as  in  Figure  1. 
Heat  until  the  reaction  flask  is  cleared  of  fumes  and  the  per¬ 
chloric  acid  refluxes  down  the  sides  of  the  flask.  Turn  the  heater 
current  off  and  let  stand  for  2  or  3  minutes.  Disconnect  the 
reaction  flask  and  connecting  tube  from  the  air  condenser  and 
cool  the  flask  rapidly,  using  first  a  stream  of  air  and  then  cold  run- 


Table  II.  Results  of  Chromium  Determinations 


N.B.S. 

Chromium 

Chromium 

Sample  No. 

Weight 

Present 

Found 

Grams 

% 

% 

121a 

0.2 

18.68 

18.66“ 

0.2 

18.68 

18.72“ 

0.2 

18.68 

18.76“ 

0.2 

18.68 

18.76“ 

101a 

0.2 

18.33 

18.37“ 

0.2 

18.33 

18.38“ 

101B 

0.2 

18.50 

18.46“ 

0.2 

18.50 

18.47“ 

0.2 

1,8.50 

18.55“ 

0.2 

18.50 

18.52“ 

111 

2.0 

0.272 

0.274!- 

2.0 

0.272 

0.274!- 

72a 

2.0 

0.655 

0.658!- 

2.0 

0.655 

0.658!- 

115 

1.0 

2.16 

2 . 185 

1.0 

2.16 

2.18!- 

“  Determined  by  standardizing  ferrous  ammonium  sulfate  solution  with 
standard  potassium  permanganate  solution. 

b  Determined  by  standardizing  ferrous  ammonium  sulfate  solution  against 
N.B.S.  samples  101B  and  101. 
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ning  tap  water.  Wash  the  inside  of  the  connecting  tube  back  into 
the  reaction  flask  with  distilled  water  and  disconnect  the  tube 
from  the  flask.  Wash  the  inside  of  the  air  condenser  into  the 
beaker  of  water  containing  evolved  chromium.  Pour  this  solu¬ 
tion  into  the  reaction  flask.  Heat  flask  and  contents  until  chlo¬ 
rine  is  completely  driven  off.  Volume  should  now  be  about  250 
ml.  Cool  and  titrate,  following  the  conventional  methods,  with 
standard  ferrous  ammonium  sulfate  solution  and  ferrous  o-phe- 
nanthroline  indicator. 

The  air  condenser  should  be  at  least  2.5  cm.  (1  inch)  in  diam¬ 
eter  and  60  cm.  (2  feet)  long  in  order  to  guard  against  back-suction 
of  the  water  into  the  reaction  flask. 

After  the  sample  is  in  solution  and  the  perchloric  acid  solution 
is  taken  to  fumes  on  the  hot  plate,  care  should  be  taken  not  to 
oxidize  the  chromium  before  the  reaction  flask  is  connected  to  the 
air  condenser  as  in  Figure  1.  The  solution  may  be  heated  to  a 
bright  green  color  but  should  not  turn  orange  before  transfer  to 
the  air  condenser. 

All-glass  connections  must  be  used  in  the  oxidizing  unit;  if  fum¬ 
ing  perchloric  acid  comes  in  contact  with  organic  matter  such 
as  rubber,  a  serious  explosion  or  fire  may  result. 

The  reaction  flask  should  be  protected  from  air  currents; 
otherwise  the  sudden  cooling  of  the  flask  may  cause  a  suction  and 
some  of  the  water  from  the  water  seal  may  be  sprayed  into  it. 

A  bank  of  several  oxidizing  units  can  be  easily  arranged  if  the 
work  load  requires  it. 

If  vanadium  is  present  in  the  material  analyzed,  add  an  excess 
of  ferrous  ammonium  sulfate  solution  and  then  back-titrate  with 


a  potassium  permanganate  solution,  omitting  the  o-phenanthro- 
line  indicator. 
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Apparatus  for  Quantitative  Low-Temperature  Vacuum  Distillation  of 

Milliliter  Volumes 

W.  MORTON  GRANT,  Howe  Laboratory  of  Ophthalmology,  Harvard  Medical  School,  Boston,  Mass. 


IT  IS  frequently  desirable  to  use  low-temperature  vacuum 
distillation  for  quantitative  separation  of  such  substances  as 
alcohols,  lower  fatty  acids,  and  deuterium  oxide  from  nonvolatile 
materials  in  small  samples.  However,  this  process  is  incon¬ 
veniently  slow  when  apparatus  incorporates  long  or  complex 
distillation  paths  to  prevent  contamination  of  the  distillate  from 
foaming  of  viscous  solutions,  especially  those  containing  protein. 

The  distillation  apparatus  shown  in  the  accompanying  figure 
was  designed  to  provide  a  short  distillation  path  for  rapid  dis¬ 
tillation,  while  minimizing  the  chance  of  contamination  from 
foaming.  After  trial  of  several  variations  in  the  critical  dimen¬ 
sions,  this  apparatus,  which  was  constructed  from  parts  of  a 
50-ml.  Florence  flask  and  a  25  X  150  mm.  test  tube,  was  con¬ 
sidered  to  be  of  optimum  size  for  the  distillation  of  1-  to  3-ml. 
samples. 

The  material  to  be  distilled  is  introduced  into  the  bulbous 
side  flask  by  means  of  a  curved-tip  pipet.  The  tube  is  then  closed 
by  a  silicone-greased,  one-hole  rubber  stopper  carrying  a  stop¬ 
cock  for  connection  to  a  vacuum  pump.  The  side  flask  is  im¬ 
mersed  in  a  dry  ice  mixture  with'  the  tubular  portion  horizontal. 
When  the  contents  are  frozen,  the  apparatus  is  evacuated,  sealed 
by  closing  the  cock,  and  disconnected  from  the  vacuum  line. 
This  whole  procedure  requires  less  than  a  minute.  The  side 
flask  is  then  taken  from  the  cold  bath  and  the  test-tube  portion 
of  the  apparatus  is  immersed  in  its  place,  leaving  the  flask  ex¬ 
posed.  Distillation  is  allowed  to  proceed  to  completion  without 
artificial  heating.  Four  tubes  of  the  dimensions  specified  fit 
conveniently  into  the  mouth  of  a  0.5-liter  Dewar  flask. 

The  apparatus  was  evacuated  by  means  of  a  Welch  two-stage 
duo-seal  pump  which  readily  reduced  the  pressure  in  an  empty 
flask  to  approximately  1  micron,  as  judged  by  the  faint  blue- 
gray  color  produced  by  a  Tesla  coil  discharge. 


With  aqueous  samples  frozen  in  dry  ice,  the  vacuum  appears 
to  be  limited  by  the  vapor  pressure  of  the  water.  During  dis¬ 
tillation,  gases  which  are  trapped  in  the  sample  are  released  and 
have  an  appreciable  influence  on  the  rate  of  distillation.  Some 
of  this  interfering  gas  can  be  eliminated  by  a  second  evacuation 
of  the  apparatus  after  melting  and  refreezing  the  sample.  In 


the  case  of  whole  blood  the  degassing  is  facilitated  by  the  presence 
of  a  small  drop  of  xylene.  With  a  single  evacuation,  blood, 
plasma,  and  urine  samples  have  been  distilled  at  the  rate  of 
0.5  to  1.0  ml.  per  hour  without  artificial  heating.  Comparative 
distillations  made  with  double  evacuation  showed  an  increase  in 
rate  of  approximately  25%  for  plasma  and  saline.  Thus,  where 
every  saving  in  time  is  desirable,  the  extra  manipulation  appears 
warranted. 

The  quantitative  nature  of  distillation  in  this  apparatus  was 
determined  by  analysis  of  distillates  from  sulfosalicylic  acid 
filtrates  of  blood  to  which  known  amounts  of  formic  acid  and 
methyl  alcohol  had  been  added.  The  distillation  of  a  formal¬ 
dehyde  solution  was  also  studied.  Recoveries  of  formic  acid  in 
amounts  of  30  to  1000  micrograms  per  ml.  of  blood  and  of  methyl 
alcohol  in  amounts  of  150  to  3000  micrograms  per  ml.  of  blood 
averaged  98  and  101%,  respectively,  for  9  determinations  of 
each.  Solutions  containing  1.2  and  3.6  micrograms  of  formal¬ 
dehyde  per  ml.  of  a  mix¬ 
ture  of  3%  sulfosalicylic 
acid  and  1%  sulfuric 
acid  yielded  1.2  and  3.6 
micrograms  per  ml.  of  dis¬ 
tillate.  In  separate  experi¬ 
ments  it  was  found  that 
distillation  must  be  carried 
to  completion  in  order  to 
obtain  the  same  relative 
concentrations  of  volatile 
constituents  in  the  distillate 
as  in  the  original  sample. 
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BOOK  REVIEWS 


Protective  and  Decorative  Coatings.  Joseph  J.  Mattiello,  Editor. 
Vol.  V.  Analysis  and  Testing  Methods.  662  pages.  John  Wiley 
&  Sons,  Inc.,  440  Fourth  Ave.,  New  York  16,  N.  Y.,  1946.  Price, 
$7. 

In  the  fifth  and  latest  volume  of  his  series,  Dr.  Mattiello  continues 
his  campaign  to  place  the  field  of  protective  and  decorative  coatings 
on  a  firm  scientific  basis  of  its  own.  In  answer  to  the  need  for  syste¬ 
matizing  analytical  techniques  necessitated  by  the  ever-widening 
variety  of  new  resins  and  their  modifications,  he  has  enlisted  the 
services  of  several  competent  author-scientists  to  contribute  to  this 
work. 

As  with  so  many  other  fields  of  chemical  endeavor  that  have  experi¬ 
enced  constantly  accelerated  growth,  this  industry  has  amassed  data 
and  know-how  faster  than  it  could  organize  and  appraise  them. 
Tests  that  once  served  as  criteria  for  a  given  application  of  a  product 
no  longer  sufficed  to  indicate  its  suitability  for  a  new  employment,  and 
so  the  control  chemist  gradually  lost  contact  with  the  firing  line  of 
end  use.  The  avalanche  of  new  raw  materials  and  unique  applications 
brought  about  by  the  war  made  it  mandatory  that  the  control  and 
research  laboratories  of  the  efficient  finish  company  function  in  close 
liaison  with  the  actual  need.  In  order  to  do  this,  it  was  necessary  to 
approach  the  problem  from  a  practical  yet  academic  viewpoint, 
which  is  the  basic  theme  of  this  book. 

The  first  chapter,  by  R.  W.  Stafford  and  E.  F.  Williams,  presents 
a  classification  of  resins,  and  means  of  isolating  and  studying  them  by 
qualitative,  physicochemical,  and  certain  special  methods.  The 
classification  breakdown  is:  natural  resins  and  their  modifications, 
alkyd  resins,  aldehyde  condensation  products,  vinyl  resins,  rubber 
and  rubberlike  synthetics,  hydrocarbon,  and  inorganic  resins.  In 
addition,  the  natural  and  synthetic  waxes,  carbohydrate,  and  protein 
materials  are  included.  A  brief  discussion  of  the  chemical  properties 
and  structure  of  each  member  of  the  above  families  is  given  in  so  far 
as  it  bears  on  their  determinations.  The  second  portion  of  the 
chapter  deals  with  the  analysis  of  these  materials  by  routine  methods 
and  closes  with  interesting  discussion  of  x-ray  radiographic  and 
x-ray  diffraction  methods  of  analysis. 

Chapter  II  is  concerned  with  methods  for  testing  and  analyzing 
drying  oils.  The  authors,  T.  F.  Bradley  and  E.  L.  Kropa,  point,  out 
that  very  few  industrial  laboratories  are  concerned  with  the  quanti¬ 
tative  determination  of  a  pure  fatty  acid  or  its  glyceride  but  rather 
with  the  technological  values  and  effectiveness  of  the  material.  Vis¬ 
cosity  measurements,  molecular  weight  determination,  and  means 
for  determining  the  type  and  degree  of  unsaturation  are  discussed, 
and  considerable  space  is  devoted  to  the  use  of  the  thiocyanogen 
value.  The  chapter  closes  with  valuable  tables  of  the  physical  and 
chemical  constants  of  the  commercial  fat  acids. 

A  critical  appraisal  is  made  in  the  third  chapter  of  the  methods  of 
laboratory  testing  of  metal  finishes  for  outdoor  service.  The  author, 
S.  E.  Beck,  discusses  standardized  panel  preparation,  humidity  test¬ 
ing,  and  the  effects  of  light,  temperature,  and  air  circulation  on  the 
drying  of  the  films.  The  sections  on  statistical  evaluation  and  color 
are  particularly  interesting,  as  are  the  discussions  of  abrasion,  bend¬ 
ing,  and  flexibility  testing. 

The  spectral  characteristics  of  pigments  in  the  visual  and  infrared 
bands  are  dealt  with  by  V.  C.  VescS  in  three  parts:  (1)  photographic 
method  of  measuring  visual  and  infrared  reflectances  of  pigments 
and  pigmented  coatings,  (2)  a  spectrophotometric  method  for  the 
determination  of  reflectances  for  the  four  wave-length  bands  by  the 
selected  ordinate  method,  and  (3)  spectral  characteristics  of  pig¬ 
ments.  This  latter  section  presents  a  series  of  spectrophotometric 
curves  on  a  large  number  of  synthetic  and  natural  pigments. 

The  chapter  on  “Resinography”,  by  T.  G.  Rochow  and  R.  L. 
Gilbert,  introduces  a  new  approach  to  resin  study  that  in  purpose  is 
related  to  the  analogous  fields  of  metallography  and  mineralography. 
Because  of  the  heterogeneous  nature  of  most  molded  resins  it  has 
become  useful  to  study  the  mode  of  association  of  the  filler  with  the 
embracing  resin.  In  addition,  the  “metallographic  approach”  will 
identify  the  filler,  if  it  be  a  metal,  and  furnish  valuable  information 


on  the  history  of  fabrication  as  well.  Should  the  filler  be  of  a  mineral 
nature,  either  natural  or  synthetic,  a  mineralographic  approach  will 
yield  similar  desirable  data. 

Resinography  is  also  concerned  with  the  structure  of  the  resin  or 
resins  involved  by  studying  the  resinous  phases  that  may  be  present 
and  their  relationships  by  difference  in  refractive  index,  reflectivity, 
color,  hardness,  the  effect  of  polarized  light,  etc.  Indirect  methods 
employing  selective  staining,  selective  dissolution,  and  differential 
etch  patterns  are  valuable  in  this  respect.  The  chapter  also  includes 
sections  on  the  use  of  instruments  such  as  the  optical  microscope  and 
camera  and  electron  microscope  in  examination  of  resin  specimens. 

This  book  seems  to  serve  well  as  a  clearinghouse  and  sifting  medium 
for  the  many  diversified  but  often  confusing  methods  of  analysis  that 
have  arisen  in  this  field. 

Richard  L.  Demmerle 

Spectrographic  Analysis  or 
Metallurgical  Products 

The  Groupement  pour  l’Avancement  des  Methodes  d’Analyse 
bpectrographique  des  Produits  Metallurgiques  has  published  as  a 
92-page  book  the  proceedings  of  its  fifth  congress,  which  was  held 
January  22  to  24,  1946.  In  addition  to  a  report  of  the  meeting  and 
a  list  of  members  present,  the  book  includes  four  technical  papers, 
with  discussion:  Le  Dosage  Spectrographique  des  Faibles  Teneurs 
en  Aluminium  dans  les  Aciers  Ordinaires  et  Speciaux,  by  R.  Castro; 
Causerie  sur  les  Spectrographes,  by  H.  Tardy;  Luminosite  Com¬ 
pare  du  Spectrographe  Zeiss  Qu  24  et  du  Spectrographe  Zelande 
de  Jobin  et  Yvon,  by  E.  Loeuille;  and  Le  Dosage  des  Traces  d’lm- 
puretes  dans  les  Alliages  de  Zinc  au  Moyen  de  l’Etincelle  Condensee, 
by  P.  Croissant.  Copies  are  available  through  the  Centre  de  Docu¬ 
mentation  Siderurique,  12  Rue  de  Madrid,  Paris  8,  France. 


Apparatus  for  Small-Scale  Catalytic 
Hydrogenation — Correspondence 

Sir:  The  continued  interest  in  the  apparatus  for  small-scale 
catalytic  hydrogenation  [Ind.  Eng. 

(1942)],  as  evidenced  by  requests 
for  reprints,  makes  it  desirable  to 
describe  a  modification  of  the  ap¬ 
paratus  made  shortly  after  the 
original  article  was  published. 

Instead  of  having  the  cup  and 
stopcock  on  the  reaction  flask, 
where  it  caused  instability  and 
led  to  frequent  breakage,  it  was 
incorporated  in  the  main  portion 
of  the  apparatus,  as  indicated  in 
the  accompanying  diagram.  This 
modification  permits  the  use  of 
any  Erlenmeyer  flask  having  an 
interchangeable  ground-glass  joint 
as  the  reaction  vessel. 

C.  R.  Noller 

Stanford  University, 

Calif. 
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Quantitative  Analysis  of  Hydrocarbon  Mixtures  by  Means 

of  Raman  Spectra 

E.  J.  ROSENBAUM,  C.  C.  MARTIN,  and  J.  L.  LAUER 
Experimental  Division,  Sun  Oil  Company,  Norwood,  Pa. 


THE  subject  of  hydrocarbon  analysis  by  physical  methods 
has  become  increasingly  important  in  recent  years.  Of 
hese  methods,  two  make  use  of  the  fact  that  the  set  of  molecular 
ribrational  energy  levels  is  a  unique  property  of  each  compound. 
In  the  method  of  infrared  absorption  spectra,  a  beam  of  continu¬ 
ous  radiation  from  a  hot  body  is  passed  through  the  sample  and 
die  transmitted  radiation  is  examined  to  learn  what  has  been 
:aken  out  of  it.  This  information  provides  the  raw  data  for  the 
malysis  of  the  sample.  In  the  method  of  Raman  spectra,  essen- 
dally  monochromatic  light  is  sent  into  the  sample  and  the 
scattered  light  is  examined  for  lines  of  modified  wave  length. 
The  analysis  of  the  sample  is  based  on  the  position  and  intensity 
if  these  modified  lines.  The  literature  on  this  subject  is  exten¬ 
sive.  The  following  are  typical  references:  (1 ,  2,  4,  8). 

Each  method  has  advantages  and  disadvantages.  The  present 
oaper  describes  the  authors’  technique  for  applying  Raman  spec- 
ra  to  the  analysis  of  certain  hydrocarbon  mixtures  and  indicates 
the  type  of  results  obtained. 

The  method  described  here  is  not  presented  as  a  fully  devel- 
iped  method  which  can  be  applied  with  standard  equipment 
directly  to  routine  analysis.  However,  it  is  a  relatively  simple 
procedure  which  leads  to  useful  results  with  liquid  hydrocarbon 
mixtures. 

The  Raman  spectrum  of  a  typical  hydrocarbon  in  the  gasoline 
range  consists  of  a  relatively  small  number  of  lines  whose  sharp¬ 
ness  depends  on  the  structural  type  of  the  hydrocarbon.  When 
two  or  more  pure  hydrocarbons  are  mixed,  the  Raman  spectrum 
}f  the  mixture  is  a  superposition  of  the  spectra  of  the  individual 
components  without  any  frequency  displacement.  The  only 
type  of  interference  which  does  occur  is  the  accidental  overlapping 
cf  lines  arising  from  different  compounds.  With  a  spectro¬ 
graph  of  sufficient  dispersion,  this  is  not  a  serious  difficulty  for 
mixtures  containing  four  or  five  components,  and  in  almost  all 
cases  such  a  mixture  can  be  analyzed  by  use  of  Raman  lines  which 
ire  not  overlapped.  So  far  as  is  known,  for  constant  illumination 
if  the  sample,  the  intensity  of  light  scattered  by  a  hydrocarbon 
n  a  mixture  is  directly  proportional  to  the  concentration  of  the 
Hydrocarbon. 

Most  Raman  spectra  are  accompanied  by  an  appreciable 
amount  of  background  scattering,  caused  either  by  a  continuum 
tom  the  light  sources  (mercury  arcs)  or  by  fluorescence  from  a 
'minute  amount  of  fluorescent  contamination  in  the  sample. 
The  continuum  from  the  mercury  arcs  can  be  reduced  or  prac- 
ically  eliminated  by  the  use  of  suitable  optical  filters,  or  better 
still,  by  a  choice  of  mercury  arc  which  emits  relatively  little  con¬ 
tinuous  radiation.  The  fluorescence  of  the  sample  can  often  be 
greatly  reduced  by  a  simple  bulb-to-bulb  distillation  without 
'raetionation,  or,  in  more  difficult  cases,  by  a  distillation  over 
metallic  sodium.  However,  even  when  efforts  have  been  made 
o  minimize  the  background,  it  is  usually  present  to  some  extent. 


The  only  way  to  overcome  this  difficulty  is  to  make  a  suitable 
correction  for  the  background  when  the  spectrum  is  subjected  to 
quantitative  evaluation. 

The  method  of  internal  standards  has  been  used,  in  both  emis¬ 
sion  and  Raman  spectroscopy,  to  reduce  the  effect  of  variations 
in  the  intensity  of  illumination.  A  known  quantity  of  some  suit¬ 
able  substance  is  added  to  the  sample  and  the  blackening  of  the 
analysis  lines  is  measured  relative  to  that  of  the  lines  of  the  stand¬ 
ard.  For  example,  Rank,  Scott,  and  Fenske  ( 6 )  have  described 
the  use  of  2  cc.  of  carbon  tetrachloride  in  25  cc.  of  sample  as  an 
internal  standard.  The  chief  objection  to  this  procedure  is  the 
undesirable  contamination  of  the  sample,  which  is  often  needed 
for  other  types  of  work.  Even  in  moderately  complicated  mix¬ 
tures  there  is  a  considerable  probability  that  the  useful  lines 
of  the  internal  standard  would  be  overlapped.  The  authors  have 
therefore  not  used  internal  standards. 

The  standard  procedure  of  quantitative  photographic  photom¬ 
etry  involves  a  calibration  of  the  photographic  material  used  by 
a  graded  series  of  exposures  of  known  relative  intensity  on  each 
plate  or  film.  When  the  resulting  spots  are  microphotometered, 
the  optical  density  (defined  as  the  logarithm  of  the  ratio  of  the 
light  incident  on  a  spot  to  the  light  transmitted  through  the  spot) 
can  be  graphed  as  a  function  of  the  logarithm  of  the  intensity 
of  the  light  used  for  the  exposure  (for  constant  exposure  time). 
Then  when  the  density  of  an  analysis  line  is  read  from  the  mi¬ 
crophotometer  curve  for  a  sample,  the  corresponding  intensity 
can  be  read  from  D- log  1  curve.  This  procedure  is  rather  time- 
consuming. 

It  has  been  found  possible  to  evade  a  great  deal  of  the  awk¬ 
wardness  inherent  in  the  photographic  method  without  too 
much  loss  of  accuracy  by  a  semiempirical  procedure  involving  a 
calibration  for  each  system  based  on  a  few  mixtures  of  known 
composition  made  up  from  compounds  of  high  purity.  This 
procedure  also  makes  it  possible  to  take  into  account  the  mutual 
interference  of  close-lying  Raman  lines.  Once  the  calibration  has 
been  carried  out,  the  calculations  involved  are  brief  and  very 
elementary. 

EXPERIMENTAL 

The  Raman  spectra  described  here  were  obtained  with  a  Stein- 
heil  spectrograph  with  three  glass  prisms  whose  dispersion  varies 
from  6  A.  per  mm.  at  4000  to  20  A.  per  mm.  at  5000  A.  (7).  The 
spectrograph  is  enclosed  in  a  thermostated  plywood  box.  The 
light  source  used  for  the  earlier  part  of  this  work  was  the  GE 
Type  H-2  mercury  arc.  When  this  arc  operates  at  its  normal 
temperature,  it  emits  a  heavy  continuum,  which  can  be  reduced 
by  cooling  the  arc  until  part  of  the  mercury  condenses  on  the 
walls.  However,  under  these  conditions  the  light  output  is 
annoyingly  sensitive  to  small  changes  in  the  temperature  of  the 
arc.  The  General  Electric  Co.  kindly  supplied  an  arc  similar  to 
the  H-2  but  with  the  mercury  content  reduced  to  such  an  extent 
that  the  maximum  potential  drop  is  40  volts.  These  arcs,  desig- 
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Raman 
Line  Fre¬ 


quency, 

Cm.  Compound  Ie° 

818  p-Ethyltoluene  0.554 

806  p-Ethyltoluene  0.530 

644  p-Ethyltoluene  0.421 

744  Pseudocumene  1.38 

557  Pseudocumene  1.13 

520  m-Ethyltoluene  0.398 

576  Mesitylene  2.22 

Totals 


Mixture  1 


It 

0.517 

P 

93.3 

P  av. 

Pc 

Ri 

0.527 

99.3 

92.1 

58.1 

o!"97 

0.353 

83.8 

0.215 

54.0 

54.0 

34  A 

1  ’  14 

0.273 

12.3 

12.3 

7.8 

0.78 

158.4  100.0 


Mixture  2 


It 

P 

P  av. 

Pc 

R2 

0 ."  i  32 

9.6 

io!o 

5.6 

0.56 

0.118 

10.4 

0.450 

113.0 

li3.0 

63.9 

1.07 

1.20 

54.0 

54.0 

30.5 

1.02 

177.0  100.0 


818  p-Ethyltoluene 
806  p-Ethyltoluene 
644  p-Ethyltoluene 
744  Pseudocumene 
557  Pseudocumene 
520  m-Ethyltoluene 
576  Mesitylene 

Totals 


p-Ethyltoluene 

Pseudocumene 

m-Ethyltoluene 

Mesitylene 


Raman 
Line  Fre- 


0.554 

0.530 

0.421 

1.38 

1.13 

0.398 

2.22 


0.089 

0.079 

0.060 

0.476 

0.344 

2*26 


Ri 

0.97 

l’.i4 

0.78 


Mixture  3 


16.1 

R. 

14.9 

14.3 

is .  i 

io.i 

1.01 

34.5 

30.5 

32.5 

21.8 

0.73 

ioi.'6 

loi.'e 

68.1 

l.'i3 

149.2 

100.0 

R2 

Ri 

0 !  56 

1.01 

0.73 

1.07 

1.02 

i .  i3 

Mixture  4 


0.265 

47.8 

0.306 

57.7 

51.4 

32.8 

0.205 

48.6 

1.12 

80.8 

84.8 

54.1 

1.01 

88.8 

0.082 

20.6 

20.6 

13.1 

156.8 

100.0 

Rt 

Rav. 

1.09 

1.02 

0.90 

0.73 

1.31 

1.17 

0.98 

Ri 


il09 
0.90 
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quency, 

Cm. _1  Compound 
818  p-Ethyltoluene 
806  p-Ethyltoluene 
644  p-Ethyltoluene 
744  Pseudocumene 
557  Pseudocumene 
520  m-Ethyltoluene 
576  Mesitylene 


1°  Rav.  Ic 
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.554 
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0 
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.02 
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.38 

0. 

.73 

1, 

01 

1. 

13 

0. 

73 

0. 

825 

0. 

398 

1. 

17 

0. 

466 

2. 

22 

0. 

98 

2. 

17 

nated  as  Type  H-ll,  are  operated  with  the  mercury  completeh 
vaporized  and  consequently  are  not  appreciably  temperature- 
sensitive.  They  have  proved  to  be  excellent  sources  for  exciting 
Hainan  spectra,.  Six  of  them  are  arranged  concentrically  about 
the  tube  containing  the  sample. 


For  most  of  the  Raman  spectra  under  consideration  here,  the 
Raman  tube  had  a  volume  of  approximately  15  cc.;  for  the  re¬ 
mainder,  the  sample  volume  was  approximately  6  cc.  When  the 
amount  of  sample  available  permits,  the  use  of  the  larger  size 
tube  has  two  advantages:  the  alignment  of  the  tube  with  respect 
to  the  spectrograph  is  less  critical,  and  the  spectral  lines  obtained 
are  longer,  which  makes  it  easier  to  select  the  portion  of  the  lines 
suitable  for  microphotometering. 

The  known  aromatic  mixtures  for  calibration  were  made  up 
from  material  which  was  especially  synthesized  or  purified  for 
this  purpose.  The  purities  as  determined  by  the  freezing ‘point 
method  were  all  98%  or  better  and  most  of  them  were  above  99% 
(3).  The  usual  exposure  time  for  aromatic  samples  is  75  minutes 
on  Ansco  Fluorapid  film;  for  paraffinic  samples  this  is  increased 
to  3  hours  because  paraffins  are  poorer  scatterers  than  aromatics. 
A  slit  width  of  0.1  mm.  is  used. 

The  particular  Raman  lines  used  for  an  analysis  are  those 
strong  lines  which  have  no  close  neighbors  and  which  show  the 
least  overlapping  with  lines  of  the  other  compounds  present. 
Which  lines  are  best  often  depends  on  the  composition  of  the 
sample.  It  is,  of  course,  necessary  to  use  lines  which  are  neither 
under-  nor  overexposed — i.e.,  lines  whose  density  lies  in  the  linear 
range  of  the  Z)-log  /  curve  of  the  photographic  emulsion. 

The  microphotometer  curves  required  are  obtained  on  a  Leeds 
&  Northrup  recording  microphotometer.  The  optical  density 
of  each  Raman  line  used  for  analysis  is  read  from  the  curve  as 
well  as  the  density  of  the  background  near  each  line.  The  anti- 
logarithm  of  the  background  density  is  subtracted  from  that  of 
the  line  density  to  give  an  effective  intensity  of  the  Raman  line 
(I*)- 

The  sequence  of  thought  leading  to  the  method  adopted  for 
obtaining  effective  intensities  from  the  microphotometer  record 
was  as  follows : 


.  1 '  The  exposure  of  a  given  line  on  the  negative  is  assumed  to 
be  proportional  to  the  concentration  of  the  corresponding  com¬ 
pound  in  the  mixture  with  constant  total  illumination. 

,  •  AJong  the  linear  portion  of  the  characteristic  curve  (D  = 
y  log  E),  y  the  gradient,  depends  only  on  the  emulsion  and  the 
development  conditions  used. 

3  Following  Pierce  and  Nachtrieb  (5),  it  is  desirable  to  make 
tne  background  correction  in  terms  of  E  rather  than  D.  If  7  = 
V  , n  *  —  antilog  D.  Since  the  combination  of  emulsion  and 
development  conditions  used  gave  a  value  of  nearly  1  for  y  this 
relation  was  the  simplest  one  to  try.  The  authors  have  since 
found  that  even  with  somewhat  different  values  of  y  they  get 
satisfactory  results  presumably  because  the  calibration  and  the 
analysis  are  carried  out  under  the  same  conditions  A  much 
more  rigorous  method  is  the  construction  of  the  E  vs.  D  curve  as 
Pierce  and  Isachtrieb  have  done.  In  view  of  other  possible 
sources  of  inaccuracy,  it  was  not  considered  worthwhile  to  adoDt 
their  procedure.  ^ 


Table  II.  Analysis  of  Four-Component  Mixture 


Raman  Line 

• 

Frequency, 
Cm.  “i 

Compound 

It 

P 

P  av. 

P c  P known 

Devia¬ 

tion 

818 

806 

p-Ethyltoluene 

p-Ethyltoluene 

0.348 

0.352 

61.6 

65.2 

61.8 

25! 5  25 

+6.5 

644 

p-Ethyltoluene 

0.251 

58.5 

744 

Pseudoeumene 

0.578 

57.2 

59.0 

24.5  25 

557 

Pseudocumene 

0.502 

60  9 

520 

m-Ethyltoluene 

0.290 

62.1 

62.1 

26  25 

+ i 

-1 

576 

Mesitylene 

1.244 

57.4 

57.4 

24  25 

If  the  exposure  conditions  and  the  photographic  processing 
were  strictly  reproducible  and  the  assumptions  made  were  valid, 
the  effective  intensity  as  used  here  could  be  expected  to  be  a  lin¬ 
ear  function  of  the  concentration,  provided  the  blackening  of  the 
Raman  lines  is  kept  between  the  proper  limits.  Because  the 
actual  conditions  used  are  rather  far  from  ideal,  even  when  an 
effort  is  made  to  reach  a  high  degree  of  constancy,  use  is  made  of 
an  empirical  averaging  process  and  of  the  fact  that  intensity 
ratios  are  less  affected  by  variations  in  exposure  and  development 
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Table  III.  Analysis  of  C8 

Aromatics 

o-Xylene 

m- 

Xylene 

p-Xylene 

Ethylbenzene 

Deviation 

Deviation 

Deviation 

Deviation 

Sample 

Raman 

from  known 

Raman 

from  known 

Raman  from  known  Raman  from  known 

No. 

analysis 

composition 

analysis 

composition 

analysis  composition  analysis  composition 

R  298B 

19 

-i 

30 

0 

26  1 

25 

0 

R  393 

5 

0 

10 

0 

11  1 

74 

-1 

R  395 

9 

- 1 

9 

-1 

76  1 

6 

1 

R  392 

77 

2 

9 

-1 

5  0 

9 

-1 

R  396 

10 

0.5 

69 

-2.5 

11  1.5 

10 

0.5 

R  398 

4.5 

-0.5 

4.5 

-0.5 

5  0 

86 

1 

R  400 

22.5 

-2.5 

55 

0 

22.5  2.5 

Maximum  deviation 

-2.5 

-2.5 

2.5 

-1 

Av.  deviation 

1 

1 

1 

1 

Table  IV.  Analysis  of  C9  Aromatics 

p-Ethyltoluene 

ra-Ethyltoluene 

o-Ethyltoluene  Mesitylene 

Pseudocumene 

Deviation 

Deviation 

Deviation  Deviation 

Deviation 

Sample  Raman 

from  known  Raman  from  known 

Raman  from  known  Raman  from  known 

Raman  from  known 

No.  analysis  composition  analysis  composition 

analysis  composition  analysis  composition 

analysis  composition 

R  845 B  30 

0 

14.5 

-0.5 

37 

-0.5  18.5 

1 

R  812A  25.5 

0.5 

26 

1 

24 

1 

24.5  -6.5 

R  815A  9 

-1 

63.5 

3.5 

27.5  -2.5 

R  846 B  12.5 

0.5 

44.5 

0.5  43 

1 

Maximum  deviation  —  1 

1 

0.5 

3.5 

-2.5 

Av.  deviation 

0.7 

0.8 

0.5 

1.6 

1.5 

conditions  than  absolute  intensities.  The  justification  for  the 
procedure  is  ultimately  found  in  the  analytical  results  obtained 
with  it. 

The  calibration  is  carried  out,  as  illustrated  in  Table  I,  in  the 
following  way: 

For  each  known  mixture  used  for  calibration,  the  effective  in¬ 
tensity,  /«,,  of  each  Raman  line  suitable  for  analytical  purposes 
is  divided  by  the  intensity,  /„  °,  of  the  same  line  in  the  spectrum 
of  the  corresponding  pure  compound  photographed  under  the 
same  conditions.  The  resulting  “percentages”,  P,  for  each  com¬ 
pound  obtained  from  each  of  its  useful  Raman  lines  are  averaged, 
Pav.  For  each  mixture  the  averages  Pav.  are  proportionally 
corrected  to  give  corrected  percentages,  Pc,  which  add  up  to  a 
total  of  100%.  The  ratio,  R,  between  each  of  the  corrected  per¬ 
centages  and  the  corresponding  known  percentage  is  obtained 
and  the  ratios  for  each  compound  are  averaged  over  the  mixtures, 
RaT.  Then  the  intensity  of  each  of  the  analysis  lines  of  each 
pure  compound  is  multiplied  by  its  averaged  ratio,  Fav.,  to  give 
a  quantity,  which  is  the  intensity  of  the  line  corrected  for 
deviations  from  average  conditions. 

In  setting  up  a  calibration  for  a  series  of  compounds,  it  is 
usually  convenient  to  take  the  compounds  in  groups  of  three, 
using  two  or  three  known  mixtures.  To  extend  the  calibration 
to  include  other  compounds  which  might  be  found  in  samples  for 
analysis  together  with  those  of  a  certain  calibrated  group,  it  is 
necessary  to  use  known  mixtures  containing  at  least  one  com¬ 
pound  of  that  group  to  ensure  that  corrections  are  made  to  the 
same  average  condition. 

Once  the  corrected  intensities  have  been  obtained,  a  quantita¬ 
tive  analysis  is  carried  out  (as  shown  in  Table  II  for  a  four-com¬ 
ponent  mixture)  by  dividing  the  effective  intensity  of  each  an¬ 
alysis  line,  I,,  by  the  corresponding  corrected  intensity,  and 
averaging  the  results  from  the  different  lines  of  each  compound, 
Pav.  These  values  are  proportionally  corrected  to  a  total  of 
100%  if  all  the  compounds  in  the  mixture  are  included  in  the 
analysis,  Pc. 

If  the  analysis  does  not  include  all  the  compounds  in  a  mix¬ 
ture,  it  is  necessary  to  determine  the  total  percentage  of  all  those 
which  are  included  by  some  independent  method.  For  example, 
the  aromatic  portion  of  an  aromatic  mixture  containing  some 
paraffinie  material  can  be  analyzed  because  the  scattering  of  paraf¬ 
fins  is  weak  compared  to  that  of  aromatics,  particularly  if  the 
paraffinic  material  contains  a  number  of  compounds.  In  this 
case,  the  total  aromatic  content  must  be  obtained  by  one  of  the 
quantitative  methods  for  determining  total  aromatics  such  as 
acid  absorption  or  silica  gel  adsorption. 

Strictly  speaking,  the  results  of  an  analysis  by  means  of  Raman 
spectra  should  be  expressed  in  terms  of  mole  per  cent.  However, 


the  mixtures  usually  analyzed  are  made  up  of  closely  related  or 
isomeric  compounds  whose  molecular  weight  and  density  are 
nearly  constant.  When  this  is  true,  no  significant  error  is  made 
in  expressing  the  analytical  data  in  terms  of  volume  per  cent. 

RESULTS 

As  illustrations  of  the  results  obtainable  by  means  of  Raman 
spectra,  representative  analytical  data  for  several  typical  mix¬ 
tures  are  presented  in  Tables  III,  IV,  and  V.  Table  III  contains 
results  on  a  number  of  C8  aromatic  mixtures.  In  Table  IV  data 
on  several  four-component  C8  aromatic  mixtures  are  given,  while 
Table  V  exhibits  data  on  ternary  mixtures  of  trimethylpentanes. 
The  average  deviation  for  paraffinic  samples  is  significantly 
higher  than  that  for  aromatic  samples.  This  is  a  consequence  of 
the  fact  that  the  Raman  lines  of  paraffins  are  weaker  and  more 
diffuse  than  those  of  aromatics  and  hence  are  more  difficult  to 
treat  quantitatively. 


Table  V.  Analysis  of  Trimethylpentane  Mixtures 

2,2,4-  2,3,4-  2,3,3- 

Trimethylpentane  T  rimethylpentane  T  rimethylpentane 


Devia- 

Devia- 

Devia- 

tion  from 

tion  from 

tion  from 

known 

known 

known 

Sample 

Raman 

composi- 

Raman 

composi- 

Raman 

composi- 

No. 

analysis 

tion 

analysis 

tion 

analysis 

tion 

R  497 

19 

-i 

31 

1 

50 

0 

R  498 

30 

0 

57.5 

-2.5 

12.5 

2.5 

R  870 A 

78.5 

3.5 

10.5 

0.5 

11 

-4 

R  1046C 

59 

-1 

18 

-2 

23 

3 

R  1046D 

10.5 

0.5 

15.5 

0.5 

74 

-1 

R  1056A 

10 

0 

45.5 

0.5 

44 . 5 

-0.5 

Maximum  deviation  3.5 

-2.5 

-4 

Av.  deviation 

1 

1 

2 
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Operating  Characteristics  of  the  Sargent  Model  XX 
Visible  Recording  Polarograph 

JAMES  J.  L1NGANE 

Department  of  Chemistry,  Harvard  University,  Cambridge  38,  Mass. 


The  general  charactenst.cs  of  the  Sargent-Heyrovsl<y  visible  recording  currents,  and  on  the  operation  of  the  compensator  circuit  Th< 

polarograph  are  described.  Information  is  presented  on  its  per-  performance  of  the  instrument  is  compared  to  that  of  other  com 

formance  in  the  measurement  of  half-wave  potentials  and  diffusion  mercially  available  recording  polarographs. 


THE  accuracy  and  reliability  of  a  polarographic  analysis  de¬ 
pend  primarily  on  the  proper  control  of  the  various  factors 
that  govern  the  diffusion  current,  the  choice  of  supporting  elec¬ 
trolyte,  elimination  of  interfering  substances,  and,  above  all,  on 
an  appreciation  of  the  limitations  of  the  method,  rather  than  on 
the  elegance  of  the  electrical  instrumentation.  An  elaborate 
recording  polarograph  is  not  essential  to  successful  applications  of 
polarography ;  indeed,  none  of  the  recording  instruments  com¬ 
mercially  available  today  is  capable  of  yielding  polarographic 
data  of  greater  accuracy  than  one  can  obtain  with  relatively 
simple  manual  apparatus  (5,  7,  8),  and  some  of  them  are  dis¬ 
tinctly  inferior  to  the  manual  equipment  in  this  respect.  The 
sole  advantage  of  a  recording  polarograph  over  manual  instru¬ 
mentation  is  its  greater  convenience. 

There  are  two  types  of  recording  polarographs  on  the  market: 
(a)  those  that  employ  galvanometric  photographic  recording,  as 
in  the  original  Heyrovsk^-Shikata  polarograph  (1,  8),  and  ( b ) 
those  that  record  the  polarogram  directly  by  a  pen  (or  equivalent 
device)  on  a  moving  chart.  This  paper  attempts  to  present  ob¬ 
jective  information  on  some  of  the  operating  characteristics  of 
the  newest  instrument  of  the  latter  type,  the  Model  XX  visible 
recording  polarograph  manufactured  by  E.  H.  Sargent  and  Co., 
Chicago,  Ill. 

GENERAL 

A  photograph  of  the  instrument  is  shown  in  Figure  1.  It  is 
completely  self-contained,  and  to  put  it  in  operation  it  is  only 
necessary  to  connect  a  line  cord  to  a  95-  to  135-volt,  60-cycle 
source  of  alternating  current,  and  to  connect  another  cord  to 
ground.  The  instrument  is  robust,  with  few  delicate  parts,  and 
is  not  affected  by  vibrations.  The  design  of  the  cabinet  leaves 
nothing  to  be  desired,  the  numerous  controls  being  mounted  on  a 
convenient  sloping  panel  in  front  of,  and  below,  the  recording 
unit.  The  recording  unit,  motors,  and  chart  lights  are  powered 
from  the  alternating  current  line;  self-contained  dry  batteries 
are  used  for  the  polarographic  circuit. 

An  increasing  e.m.f.  is  applied  to  the  polarographic  cell  by  a 
motor-driven  potentiometer  (marked  “bridge”  on  the  panel). 
The  resulting  current  is  measured  by  passing  it  through  a  resist¬ 
ance  and  recording  the  potential  drop,  iR,  across  this  resistance 
with  the  recording  unit.  This  principle  of  current  measurement 
has  been  used  very  satisfactorily  for  a  number  of  years  in  manual 
equipment  ( 3 ,  7,8).  The  range  of  the  recording  potentiometer 
is  fixed  (0  to  5  millivolts)  and  the  current  sensitivity  is  varied  by 
changing  the  magnitude  of  the  standard  Resistance. 

The  continuous  chart  is  28  cm.  wide  and  it  moves  at  the  rate  of 
3.78  cm.  per  minute  (90  inches  per  hour).  Full  rotation  of  the 
bridge  corresponds  to  41  cm.  on  the  chart,  and  requires  10  minutes 
45  seconds.  The  bridge  and  chart  are  driven  individually  by 
two  synchronous  motors,  and  either  can  be  activated  independ¬ 
ently  of  the  other  or  both  can  be  operated  synchronously.  This 
good  feature,  which  was  also  present  in  earlier  models  of  the  Hey- 
rovsk^-type  polarograph,  permits  the  recording  of  changes  in 
current  with  time  at  a  constant  value  of  the  applied  e.m.f.;  it  is 
useful  in  determining  rates  of  reactions  involving  polarographi- 
cally  active  substances — e.g  oxygen. 

The  bridge  is  provided  witn  a  friction  clutch  to  permit  manual 


adjustment.  The  attached  circular  scale  is  graduated  in  1CK 
units,  but  cannot  be  read  precisely  because  the  index  pointer  is 
so  far  removed  from  the  scale  that  the  parallactic  uncertainty  is 
relatively  large.  The  total  voltage  across  the  bridge  is  adjust¬ 
able  from  0  to  3  volts  by  a  variable  resistor,  and  it  is  indicated  or 
a  voltmeter  (span  potential  meter).  A  potentiometer  circuit  is 
also  provided  for  introducing  an  e.m.f.  to  the  cell  independent!} 
of  the  bridge  (initial  potential  control).  This  enables  the  start¬ 
ing  of  a  polarogram  at  any  applied  e.m.f.  from  0  to  3  volts  and 
with  any  desired  voltage  (up  to  3  volts)  across  the  bridge,  and  it 
extends  the  total  range  of  applied  e.m.f.  to  6  volts.  This  is  par¬ 
ticularly  useful  when  it  is  desired  to  make  an  extended  recording 
of  the  wave  form  of  a  substance  with  a  fairly  negative  half-wave 
potential,  such  as  zinc.  A  switch  is  provided  for  changing  the 
zero  point  of  the  bridge  from  its  normal  end  position  to  the  exact 
center,  so  that  a.  continuous  change  from  “anodic”  to  “cathodic 
polarization”  may  be  obtained.  A  switch  is  also  present  for 
changing  the  polarity  of  the  leads  to  the  polarographic  cell. 


COURTS8Y  E.  H.  SARQENT  AND  CO. 

Figure  1.  Sargent  Model  XX  Visible  Recording  Polarograph 


A  “compensator”  incorporated  in  the  instrument  may  be  used 
to  send  a  countercurrent  of  variable  magnitude  through  the  cur¬ 
rent-measuring  resistance  to  balance  out  interfering  diffusion 
currents  ( 2 ,  3,  6,  9).  The  operation  of  the  compensator  is  dis¬ 
cussed  in  a  following  section. 

The  recording  unit  is  a  Brown  Electronik  potentiometer  re¬ 
corder  (manufactured  by  Brown  Instrument  Co.,  Philadelphia, 
Pa.)  with  a  range  of  0  to  5  millivolts.  The  fact  that  the  poten¬ 
tiometer  in  this  recorder  is  continuously,  rather  than  periodically, 
balanced  causes  the  instrument  to  function  like  a  critically 
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Figure  2.  Typical  Polarograms  of  1  Midi* 
molar  Lead  Ion  in  1  M  Potassium  Chloride 
with  Different  Degrees  of  Damping 

a,  damping  control  in  position  1.  b,  damping  control 
in  position  5. 


damped  galvanometer  without  overshoot¬ 
ing  or  hunting,  and  thus  it  is  well  suited 
to  recording  the  oscillatory  current  ob¬ 
tained  with  the  dropping  mercury  elec¬ 
trode.  The  recorder  has  a  rapid  response, 
and,  provided  no  external  electrical  damp¬ 
ing  is  employed,  full-scale  traverse  of  the 
pointer  and  pen  requires  only  about  5 
seconds.  Since  the  e.m.f.  indicated  by 

the  recorder  is  the  ohmic  potential  drop  across  the  current-meas¬ 
uring  resistance  it  is  included  in  the  observed  values  of  half-wave 
potentials,  but.  because  the  range  of  the  recording  potentiometer 
is  only  0  to  5  millivolts  the  correction  will  not  exceed  one  half  the 
latter  value  and  is  small  enough  to  be  neglected  in  most  cases. 

The  instrument  contains  an  auxiliary  circuit,  controlled  by  the 
zero  set  rheostat,  by  means  of  which  the  zero  position  of  the  re¬ 
cording  pen  may  be  adjusted  to  any  position  on  the  scale;  like 
the  compensator,  this  circuit  sends  a  countercurrent  through  the 
current-measuring  resistors.  This  adjustment  functions  satis¬ 
factorily,  and  it  is  particularly  useful  when  recording  polarograms 
that  comprise  both  anodic  and  cathodic  waves. 

Because  the  accuracy  with  which  half-wave  potentials  can  be 
measured  depends  on  the  accuracy  of  the  span  potential  and  ini¬ 
tial  potential  meters,  the  latter  were  checked  as  follows:  The 
bridge  was  set  to  100  with  the  outlet  leads  connected  to  a 
potentiometer  and  various  voltages  were  set  on  the  meters  (by 
adjustment  of  the  span  potential  control  and  initial  potential 
control  rheostats)  and  measured  with  a  potentiometer.  The 
span  potential  voltmeter  was  found  to  be  correct  within  the 
accuracy  with  which  it  could  be  read  (ca.  ±0.01  volt),  but  the 
initial  potential  voltmeter  showed  a  positive  error  of  3%  over 
the  range  from  0.5  to  2  volts.  The  fact  that  the  applied  e.m.f. 
cannot  be  measured  more  precisely  limits  the  usefulness  of  the 
instrument  for  certain  research  purposes. 

The  strip  chart  furnished  with  the  instrument  is  divided  into 
separate  sections,  with  blank  spaces  between,  the  length  of  each 
section  on  the  time  or  voltage  axis  corresponding  to  full  rotation 
of  the  bridge.  The  voltage  axis  is  provided  with  ten  lines  per 
section,  each  line  corresponding  to  one  tenth  of  the  bridge.  The 
current  axis  is  graduated  with  millimeter  lines.  The  division 
into  sections  is  wasteful  and  inconvenient  because  care  must  be 
taken  to  start  a  polarogram  well  in  advance  of  the  end  of  a  sec¬ 
tion  to  avoid  running  into  the  blank  spaces.  A  chart  with  con¬ 
tinuous  markings  along  the  voltage  axis  would  be  much  more  use¬ 
ful.  Each  section  carries  in  one  corner  a  7.5  X  14  cm.  blocked-in 
form  captioned  “E.  H.  Sargent  Polarogram  No.”,  and  containing 
various  spaces  for  noting  pertinem  data  (see  Figures  1,  2,  and  4). 
This  form  has  little  practical  utility  and  it  wastes  space.  It 
would  also  be  advantageous  for  photographic  reproduction  if  the 
chart  were  printed  in  blue  lines  rather  than  in  green  as  furnished, 
and  if  black  ink  were  used  in  the  pen  rather  than  red. 

It  is  advantageous  in  recording  a  series  of  polarograms  to 
“nest”-  them  together  on  the  chart,  especially  in  preparing  illus¬ 
trations  for  reproduction.  It  is  awkward  to  do  this  with  the 
present  instrument,  because  when  the  chart  is  turned  back  by 
hand  the  paper  is  not  taken  up  on  the  original  roll  but  accumu¬ 
lates  in  the  back  of  the  chart  carriage.  If  the  original  roll  were 
provided  with  a  knob,  so  that  it  could  be  turned  to  take  up  the 
slack,  this  operation  would  be  greatly  facilitated.  It  would  also 
be  convenient  if  some  device  were  provided  to  support  the  pen 
out  of  contact  with  the  chart  to  avoid  recording  during  prelimi¬ 
nary  adjustments  of  the  controls. 

It  was  observed  that  the  instrument,  even  though  grounded,  is 


somewhat  sensitive  to  disturbances  by  other  electrical  apparatus 
in  its  neighborhood.  For  example,  even  with  the  applied  poten¬ 
tial  switch  in  the  “off”  position,  a  displacement  of  the  recorder 
zero  was  obtained  when  the  stirring  motor  of  an  adjacent  water 
thermostat  was  turned  on,  and  also  when  the  thermostat  relay 
operated.  (The  thermostat  and  relay  also  were  grounded.) 
Because  of  this  effect  the  thermostat  was  always  turned  off  during 
the  recording  of  polarograms.  It  was  noted  that  the  “pick-up” 
effect  disappeared  when  the  cell  leads  were  disconnected  com¬ 
pletely  from  the  instrument,  which  leads  the  writer  to  believe 
that  the  effect  is  due  to  defective  design  of  the  applied  potential 
switch  rather  than  the  recording  unit. 

CELLS 

Two  types  of  cells  were  furnished  with  the  instrument,  and  in 
the  writer’s  opinion  neither  is  satisfactory.  One  cell  is  of  the 
Erlenmeyer  flask  type,  much  used  in  the  early  days  of  polarog- 
raphy  but  long  since  obsolete,  which  requires  the  use  of  mercury 
as  anode  and  cannot  be  thermostated  conveniently.  The  other 
cell,  which  is  in  the  shape  of  a  cylinder  with  an  elaborate  ground- 
glass  top,  also  uses  a  mercury  pool  anode  and  is  even  less  satisfac¬ 
tory  than  the  first,  because  the  anode  connection  terminates  in  a 
radio  grid  cap  sealed  on  the  bottom  of  the  vessel,  which  makes  it 
impossible  to  place  the  cell  in  a  water  thermostat.  The  unde¬ 
sirability  of  a  mercury  pool  anode,  as  well  as  the  importance  of 
temperature  control,  has  been  discussed  elsewhere  (3).  Satis¬ 
factory  cells  and  dropping  electrode  assemblies  are  not  available 
commercially,  despite  the  fact  that  these  are  at  least  as  important 
units  of  polarographic  instrumentation  as  the  electrical  circuit. 

The  dropping  electrode  assembly  furnished  with  the  instru¬ 
ment,  consisting  merely  of  a  capillary  connected  directly  to  a 
mercury  leveling  bulb  by  rubber  tubing,  is  inadequate  for  serious 
work  because  no  provision  is  made  for  measuring  or  reproducing 
the  head  of  mercury.  A  stand-tube  assembly,  preferably  with  a 
stop-clock  circuit  for  automatically  measuring  the  rate  of  flow  of 
mercury  (5),  is  most  useful  for  rapid,  routine  analyses  by  means 
of  standardized  diffusion  current  constants  (4).  The  time  is 
past  when  polarographic  analyses  had  to  be  based  on  frequent, 
time-wasting  “comparison  calibrations”. 

CURRENT  SENSITIVITY  FUNCTIONS 

The  sensitivity  is  varied  by  adjusting  the  resistance  across 
which  the  recorder  is  connected  to  record  iR  drop.  Three  ranges 
are  selectable  by  the  selector  switch  marked  “Range”,  with  full- 
scale  (28-cm.)  deflections  corresponding  approximately  to  0.5,  5, 
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and  50  microamperes.  In  addition,  a  continuously  variable  re¬ 
sistance  controlled  by  the  “sensitivity  vernier”  permits  selection 
of  any  desired  sensitivity  within  each  range.  This  is  an  excellent 
feature,  and  the  available  sensitivity  ranges  are  well  suited  to 
polarographic  measurements. 


i  nJ he  •I1nain  s,cale  of  the  sensitivity  vernier  is  graduated  from  0  to 
1U0  units,  and  a  vernier  scale  is  attached  to  facilitate  estimation 

,ofiennhS  ?/  a  ^  he  yernier  scale  on  the  author’s  instrument 

s  rendered  rather  useless  by  the  fact  that  the  graduations  on  the 
mam  scale  are  slightly  in  error  at  several  points;  at  divisions  10 
40,  and  90  the  vernier  scale  spans  8.9,  9.2,  and  9.2  divisions  on 
the  mam  scale  instead  of  exactly  9. 


The  sensitivity  functions  were  determined  by  connecting  ac¬ 
curately  known  resistances  (10,000  ohms  for  ranges  2  and  3,  and 
100,000  ohms  for  range  1)  to  the  cell  leads  of  the  instrument’,  and 
applying  voltage  from  the  bridge  to  obtain  a  recorder  deflection 
large  enough  for  exact  measurement  (co.  200  mm.) .  The  current 
at  each  setting  was  determined  by  measuring  the  potential  drop 
across  the  standard  resistance  with  an  external  potentiometer  and 
applying  Ohm’s  law  (3).  Denoting  by  S  the  sensitivity  in 
millimeter  per  microampere,  and  the  setting  of  the  sensitivity 
vernier  by  T  ,  the  functions  found  for  the  three  ranges  were 


Range  1.  S  —  65  +  5.28  V  mm.  per  microampere 
Range  2.  S  =  6.0  +  0.538  V 
Range  3.  S  =  0.06  +  0.0533  V 


With  different  instruments  the  constants  may  be  slightly  dif¬ 
ferent,  but  the  equations  will  probably  be  of  the  same  form. 
Note  that  the  slopes  of  the  sensitivity  lines  change  by  a  factor  of 
10  between  each  range;  the  intercepts  also  change  by  a  factor  of 

10  between  ranges  1  and  2,  but  by  a  factor  of  100  between  ranges 
2  and  3. 

The  sensitivity  is  conveniently  denoted  by  a  symbol  like  2-60, 
signifying  sensitivity  range  2  and  the  sensitivity  vernier  at  60. 

An  advantage  of  an  instrument  of  this  type  over  a  recording 
galvanometer  is  that  the  sensitivity  functions  need  to  be  deter¬ 
mined  only  once,  whereas  a  galvanometer  requires  more  or  less 
frequent  checking. 


damping  control 

A  damping  control  is  provided  to  decrease  the  oscillations  re¬ 
sulting  from  the  growth  and  fall  of  the  mercury  drops  at  the  drop¬ 
ping  electrode.  It  functions  by  introducing  capacitors  of  various 
magnitudes  in  parallel  with  the  current-measuring  resistors. 

ie  fundamental  principles  of  condenser  damping  in  polaro¬ 
graphic  measurements  have  been  discussed  in  detail  elsewhere 
(36).  Five  different  degrees  of  damping,  corresponding  to  five 
different  values  of  the  capacitance,  are  available. 


It  is  essential  that  the  capacitors  used  in  this  type  of  damping 

sensRWitTwffi  hi6  cur,rent  conductance,  as  otherwise  the 
sensitivity  will  be  altered  when  they  are  used.  To  test  this 

point  the  sensitivity  should  be  determined  with  steady  direct 
current  with  the  damping  control  in  its  several  positions  '  Using 
steady  direct  current  and  with  the  sensitivity  control  in  either 
range  2  or  range  3,  the  sensitivity  functions  of  the  author’s  in- 
2nt  showed  no  change  when  the  position  of  the  damping 
corrtrol  was  varied,  indicating  that  the  capacitors  were  satisfoc- 


With  the  sensitivity  control  in  range  1  it  is  not  feasible  to  use 
more  damping  than  that  provided  by  position  1  of  the  damping 
control.  Even  with  the  damping  control  in  position  1  the  recorder 
is  slow  in  sensitivity  range  1,  and  when  the  damping  is  increased 
.he  response  becomes  too  sluggish  for  practical  measurement 
Although  the  sensitivity  with  steady  direct  current  is  not  in- 
luenced  by  the  position  of  the  damping  control,  the  sensitivity 
or  oscillatory  currents  is  affected.  As  demonstrated  below 
hffusion  currents  recorded  by  the  instrument  with  the  dropping 
lectrode  vary  with  the  degree  of  damping  employed  (see  Figure 
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ACCURACY  OF  DIFFUSION  CURRENT  MEASUREMENT 

The  most  important  function  of  a  polarograph  is  the  accurate 
recording  of  diffusion  currents;  therefore,  this  quality  of  the  in- 
strument  was  tested  with  some  care.  Lead  ion  in  1  M  potassium 
chloride  was  chosen  as  a  test  substance  because  its  diffusion  cur¬ 
rent  constant,  id/(Cm*'H'/s),  has  recently  been  established  more 
accurately  than  that  of  any  other  substance  over  a  wide  range  of 
dropping  electrode  characteristics  and  by  three  different  methods 
ot  measurement  (8). 


1  ■  W6m  P.eJformed  with  1.000  millimolar  lead  ion  in 

1  M  potassium  chloride  containing  0.01%  gelatin  the  exneri- 

describeKf UThbeem^lVirtUalliy  identical  wfth  that  previously 
25  00°  P  T  Cdl  Was  placed  m  a  water  thermostat  at 

the  solnVinn  Tv!lrHgen  WaS  USed  to  r1move  dissolved  air  from 

sensitivity  of  2-50 .(32.9 toS 
damping  control  in  its  various  positions  from  1  to  5,  inclusive. 


The  polarograms  in  Figure  2  demonstrate  the  effect  of  the  de- 
gree  of  damping  on  the  magnitude  of  the  oscillations  and  on  the 
diffusion  current.  Taking  the  average  of  the  oscillations  as  a 
measure  of  the  diffusion  current,  which  is  the  generally  accepted 
practice  (3,  8),  the  diffusion  current  with  the  damping  control  in 

position  5  is  6.5%  smaller  than  with  the  damping  control  in  posi¬ 
tion  1. 

The  gradual  decrease  in  the  observed  diffusion  current  constant 
v  ith  increasing  degrees  of  damping  is  shown  graphically  in  Figure 
3;  the  lengths  of  the  vertical  lines  represent  the  magnitudes  of 


•  Figure  3.  Influence  of  Degree  of  Damping  on  Observed 
Diffusion  Current  of  Lead  Ion  In  1  M  Potassium  Chloride 
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[  Figure  4.  Operation  of  Compensator  in 
Determination  of  0.386  Millimolar  Zinc 

In  presence  of  4.65  millimolar  cadmium  in  1  M  am¬ 
monia-1  M  ammonium  chloride-0.005  %  gelatin,  a, 
recorded  at  sensitivity  of  8.7  and,  b,  at  102  mm.  per 
microampere 


the  recorder  oscillations,  and  the  average 
of  the  oscillations  is  indicated  by  circles 
in  each  case.  The  horizontal  dashed  line 
represents  the  diffusion  current  constant 
found  by  Lingane  and  Loveridge  (8)  at 
the  same  value  of  m2/3t1/6  used  in  the  - 


present  experiments.  This  value  (3.99 
±  0.02)  is  the  average  obtained  by 

three  different  methods  of  measurement,  including  manual 
measurement  by  the  resistance-potentiometer  technique,  manual 
measurement  with  a  Leeds  &  Northrup  Type  HS  galvanometer, 
and  measurement  with  a  Sargent-Heyrovsky  Model  XI  photo¬ 
graphically  recording  polarograph.  It  has  been  established  that 
these  three  methods  yield  results  that  agree  to  about  0.5%  ( 8 ). 
The  diffusion  current  constant  measured  by  the  present  instru¬ 
ment  is  considerably  too  large  with  the  damping  control  in  posi¬ 
tion  1,  but  with  greater  degrees  of  damping  the  values  agree 
fairly  well  (ca.  ±1%)  with  the  accepted  value. 

Results  exactly  similar  to  those  above  were  obtained  with  lead 
in  sodium  hydroxide  solution,  and  with  zinc  in  ammoniacal  me¬ 
dium.  It  may  be  concluded  that  the  present  instrument  records 
!  different  currents  with  reasonably  satisfactory  accuracy,  pro¬ 
viding  that  the  damping  is  adjusted  so  that  the  magnitude  of  the 
recorder  oscillations  does  not  exceed  about  10%  of  the  average 
current. 

ACCURACY  OF  HALF-WAVE  POTENTIAL  MEASUREMENTS 

According  to  the  author’s  experience  the  half-wave  potentials 
recorded  by  this  instrument  tend  to  be  somewhat  too  large,  and 
the  error  depends  on  the  degree  of  damping  used  in  recording  the 
polarogram.  For  example,  the  observed  half-wave  potential  of 
;  1  millimolar  lead  ion  in  1  A  potassium  chloride  at  25°  C.  was 
►  —0.444  volt  vs.  the  saturated  calomel  electrode  when  the  polaro- 
gram  was  recorded  at  a  sensitivity  of  2-50  with  the  damping 
f  .control  in  position  1,  and  —0.460  volt  with  the  damping  control  in 
i  position  5.  The  accepted  value  is  —0.435  volt  (S). 

The  H-cell  used  had  a  resist  ance  of  less  than  500  ohms,  and  the 
half-wave  current  was  3  microamperes,  so  the  iR  drop  in  the  cell 
did  not  exceed  about  1.5  millivolts.  Since  the  total  range  of  the 
i  recorder  is  only  5  millivolts,  the  total  iR  drop  across  both  the  cell 
■  and  current-measuring  resistance  could  not  have  been  greater 
than  about  4  millivolts  at  the  half-wave  point  on  the  polarograms. 
When  this  correction  is  applied  to  the  observed  values  they  be¬ 
come  —0.440  and  —0.456  volt,  respectively. 

• 

With  the  damping  control  in  position  1  the  observed  half-wave 
;  potential  is  in  reasonably  satisfactory  agreement  with  the  ac- 

Icepted  value,  but  in  damping  position  5  the  observed  value  is 
about  20  millivolts  too  large.  In  sensitivity  range  1  the  error  is 
!i  considerably  larger  for  a  given  degree  of  damping  (see  Figure  4). 


It  is  inevitable  that  any  type  of  recording  polarograph  will  show 
some  error  in  half-wave  potentials  because  of  unavoidable  lag  in 
the  galvanometer  or  recording  unit,  and  when  maximal  accuracy 
is  desired,  as,  for  example,  in  analyzing  wave  slopes  or  in  obtain¬ 
ing  data  from  which  thermodynamic  conclusions  are  to  be  drawn, 
the  measurements  are  best  made  with  manual  apparatus,  or  by 
manual  scanning  with  a  recording  instrument.  The  error  due  to 
recorder  lag  with  a  high  degree  of  damping  can  be  minimized  by 
employing  a  relatively  small  bridge  voltage  in  conjunction  with 
a  suitable  setting  of  the  initial  potential,  but  since  the  initial 
potential  cannot  be  set  more  precisely  than  about  ±0.01  volt 
at  best,  this  is  about  the  limit  of  accuracy  of  the  instrument. 
The  accuracy  of  the  instrument  is  probably  sufficient  for  routine 
work. 

OPERATION  OF  THE  COMPENSATOR 

Suppose  that  a  solution  to  be  analyzed  contains  two  reducible 
substances,  A  and  B,  that  the  half-wave  potentials  differ  by  at 
least  0.2  volt,  so  that  the  two  waves  are  well  separated,  and  that 
the  half-wave  potential  of  A  is  more  positive  than  that  of  B. 
Since  the  wave  of  A  precedes  that  of  B,  the  sensitivity  can  be 
adjusted  to  the  optimum  value  for  determining  A,  regardless  of 
the  relative  concentrations  of  A  and  B.  However,  if  the  concen¬ 
tration  of  B  is  much  smaller  than  that  of  A,  and  since  the  sensi¬ 
tivity  must  necessarily  be  adjusted  to  record  the  total  double 
wave,  the  wave  of  B  may  be  so  small  that  it  cannot  be  measured 
precisely. 

In  order  to  determine  the  minor  constituent  B  without  a  pre¬ 
liminary  separation  from  A,  Hohn  (3),  Thanheiser  and  Willems 
(9),  and  Lingane  and  Iverlinger  (6)  recommended  that  the  inter¬ 
fering  diffusion  current  of  A  be  balanced  out  (“compensated”) 
by  sending  an  opposing  current  of  equal  magnitude  through  the 
current-measuring  device  from  an  outside  source.  The  sensi¬ 
tivity  of  the  recording  unit  may  then  be  increased  until  the  wave 
of  B  is  large  enough  for  convenient  measurement.  This  is  the 
function  of  the  compensator  in  the  present  instrument. 

The  chief  limitations  of  the  compensation  method  are  that  (1) 
only  the  average  current  is  compensated,  and  not  the  oscillations, 
so  some  means  of  damping  must  be  employed  to  prevent  the  os¬ 
cillations  from  becoming  enormous  when  the  sensitivity  is  in¬ 
creased,  and  (2)  imperfections  in  the  diffusion  current  of  A  are 
also  magnified  and  tend  to  distort  the  magnified  wave  of  B  {3,6). 
Hence,  the  compensation  method  can  only  be  applied  to  very  well 
developed  waves,  and  with  not  too  disproportionate  concentra¬ 
tions  of  A  and  B. 
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In  the  present  instrument  the  oscillations  are  damped  by  the 
use  of  capacitors,  as  previously  recommended  with  the  Heyrov- 
sk^-type  polarograph  (6).  The  oscillations  can  also  be  kept 
relatively  small  by  using  a  very  short  drop  time,  but  this  is  very 
objectionable,  because  it  has  been  demonstrated  conclusively  ( 8 ) 
that  the  Ilkovic  equation  fails  seriously  when  the  drop  time  is 
smaller  than  about  1  second. 

A  typical  application  of  the  compensation  technique  under 
most  favorable  circumstances  is  shown  in  Figure  4.  Curve  a  was 
obtained  with  a  solution  containing  4.65  millimolar  cadmium  and 
0.386  millimolar  zinc  in  a  supporting  electrolyte  composed  of  1 
M  each  of  ammonium  chloride  and  ammonia,  0.005%  gelatin, 
and  0.1  M  sodium  sulfite  to  remove  oxygen.  This  case  is  a  most 
favorable  one  because  the  half-wave  potentials  of  the  ammonia 
complexes  of  cadmium  and  zinc  differ  by  0.55  volt,  the  cadmium 
diffusion  current  is  very  well  developed,  and  the  concentration  of 
cadmium  is  only  twelve  times  larger  than  that  of  the  zinc. 

Curve  a  was  recorded  with  a  sensitivity  of  2-5,  and  with  the 
damping  control  in  position  5  to  provide  maximal  damping.  The 
drop  time  was  2.80  seconds  at  —1.2  volts,  an  optimum  value. 
Curve  b  was  recorded  by  increasing  the  sensitivity  to  1-7  (a  factor 
of  12  compared  to  curve  a),  and  adjusting  the  compensator  to 
balance  out  the  diffusion  current  of  the  cadmium.  Curve  b  was 
started  at  —1.0  volt. 

The  author  is  not  at  all  convinced  that  the  magnified  zinc  wave 
(curve  b)  can  be  measured  with  any  greater  real  accuracy  than 
the  original  zinc  wave  in  curve  a,  which,  although  small,  is  very 
clearly  developed.  Accurate  measurement  of  a  diffusion  current 
is  more  dependent  on  the  quality  of  a  wave  than  on  its  mere 
magnitude.  The  measurement  of  the  magnified  zinc  wave  is 
complicated  by  the  magnification  of  the  normal  decrease  of  the 
cadmium  diffusion  current  with  increasing  potential,  by  the  mag¬ 
nification  of  imperfections  in  the  cadmium  diffusion  current, 
which  render  extrapolation  uncertain,  and  also  by  the  fact  that 
with  sensitivity  range  1  and  the  damping  control  in  position  5  the 
recorder  is  so  sluggish  that  it  lags  very  considerably  and  the  dif¬ 
fusion  current  of  the  zinc  is  hardly  reached  before  the  final  current 
rise.  This  lag  also  causes  a  spurious  shift  of  nearly  0.1  volt  in 
the  half-wave  potential  of  the  zinc.  Curve  b  could  not  be  re¬ 
corded  with  less  damping  because  the  oscillations  were  incon¬ 
veniently  large. 

According  to  the  writer’s  experience,  claims  that  the  compensa¬ 
tion  technique  largely  eliminates  the  need  for  chemical  separa¬ 
tions  are  much  too  optimistic. 

SUMMARY 

The  writer  would  list  the  following  as  significantly  good  quali¬ 
ties  of  the  Model  XX  polarograph  in  order  of  relative  importance: 

(a)  the  instrument  is  robust  and  immune  to  vibrations,  (b)  the 
current  sensitivity  functions  need  be  determined  only  once,  elimi¬ 
nating  periodic  calibration,  (c)  the  sensitivity  is  continuously 
variable,  (d)  diffusion  currents  may  be  recorded  as  a  function  of 
time  at  a  constant  applied  e.m.f.,  and  (e)  the  polarogram  is  re¬ 
corded  visibly. 

On  the  debit  side  may  be  listed:  (a)  observed  diffusion  currents 
vary  with  the  degree  of  damping  employed,  (5)  half-wave  poten¬ 
tials  vary  with  the  degree  of  damping  and  may  be  significantly 
in  error  under  certain  operating  conditions,  (c)  the  compensator 
appears  to  be  of  little  practical  value,  and  (d)  the  cells  and  drop¬ 
ping  electrode  assembly  supplied  are  inadequate. 

A  detailed  discussion  of  the  comparative  characteristics  of 
various  commercially  available  polarographs  would  be  beyond 
the  intended  scope  of  this  paper,  but  some  general  points  might 
be  mentioned.  There  are  only  two  other  recording  polarographs 
on  the  market  in  this  country,  the  Model  XII  Heyrovsky  polaro¬ 
graph  manufactured  by  the  E.  H.  Sargent  Co.,  which  employs 
photographic  recording,  and  the  Electrochemograph  of  the 
Leeds  &  Northrup  Co.  which  is  a  visible  recording  instrument 


incorporating  a  modified  Micromax  potentiometer  recorder. 
The  Model  XX  is  the  most  expensive  of  the  group,  its  price  of 
$1500  being  nearly  three  times  that  of  the  Model  XII  and  twice 
that  of  the  Electrochemograph. 

The  Model  XII  is  by  far  the  simplest  to  operate  and,  accord¬ 
ing  to  the  waiter’s  experience,  it  is  the  most  reliable  and  generally 
useful  of  the  three  instruments.  It  has  been  demonstrated  con¬ 
clusively  that  diffusion  current  constants  obtained  with  this  in¬ 
strument  agree  exactly  with  those  measured  by  manual  methods 
(9),  and  on  the  basis  of  numerous  data  it  is  known  that  the  in¬ 
strument  also  measures  half-wave  potentials  accurately.  These 
are  the  two  fundamentally  important  functions  of  a  recording 
polarograph,  and  they  are  discharged  more  satisfactorily  by  the 
Model  XII  instrument  than  by  either  the  Model  XX  or  the  Elec¬ 
trochemograph. 

The  purported  inconvenience  of  developing  the  photographic 
record  from  the  Model  XII  polarograph  is  more  illusionary  than 
real.  In  actual  practice,  as  in  most  other  methods  of  analysis, 
the  time  spent  in  the  final  instrumental  measurement  is  usually 
only  a  small  fraction  of  that  consumed  in  the  preliminary  chemi¬ 
cal  operations  required  to  prepare  the  solution,  and  therefore 
whether  the  polarogram  is  recorded  photographically  or  visually 
is  of  minor  significance.  The  writer  is  not  convinced  that  the 
total  time  spent  in  analyzing  a  series  of  a  dozen  similar  samples 
with  the  Model  XX  instrument  would  be  significantly  less  than 
with  the  Model  XII,  if  one  includes  all  operations  from  the  weigh¬ 
ing  of  the  sample  to  the  recording  of  the  final  result. 

A  real  disadvantage  of  the  Model  XII,  which  is  shared  to  some 
extent  by  the  Electrochemograph,  is  sensitivity  to  vibration,  and 
in  certain  locations  in  industrial  laboratories  special  vibration- 
free  mounting  may  be  necessary.  Under  such  conditions  the 
Model  XX,  which  appears  to  be  completely  indifferent  to  even 
severe  vibration,  becomes  the  logical  choice. 

In  both  the  Model  XX  and  the  Electrochemograph  the  visible 
recording  feature  has  been  achieved  by  sacrificing  a  great  deal  of 
simplicity,  and  both  instruments  have  more  complex  personali¬ 
ties  than  the  Model  XII.  From  the  viewpoint  of  the  academi¬ 
cian  interested  in  the  instruments  for  their  own  sake  this  makes 
them  more  interesting,  but  one  who  planned  to  put  the  instru¬ 
ments  into  the  hands  of  sketchily  trained  technicians  might  well 
have  a  different  opinion.  The  Electrochemograph  is  the  more 
complicated  of  the  two  instruments,  and  the  writer’s  experience 
with  it  has  been  less  satisfactory  than  with  the  Model  XX.  The 
periodically  balancing  recorder  in  the  Electrochemograph  pos¬ 
sesses  more  lag,  and  seems  to  be  less  adaptable  to  polarographic 
measurements,  than  the  continuously  balanced  recorder  in  the 
Model  XX. 

A  unique  advantage  of  both  the  Model  XX  and  the  Electro¬ 
chemograph  is  that  they  can  be  used  for  recording  changes  in 
diffusion  current  over  an  extended  period  of  time  at  a  constant 
applied  potential.  Hence  these  instruments  may  be  valuable  in 
kinetic  studies  for  following  slow  reactions  involving  polaro- 
graphically  active  substances.  They  should  also  be  useful  for 
certain  control  purposes,  such  as  recording  changes  in  oxygen 
concentration  of  solutions  over  long  periods  of  time. 
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Automatic  Determination  of  Aniline  Point  of 

Petroleum  Products 

C  W.  BROWN,  Socony- Vacuum  Laboratories,  Research  and  Development  Department,  Paulsboro,  N.  J. 


An  apparatus  is  described  for  the  automatic  determination  of  aniline 
point  of  petroleum  products.  The  basic  principle  involved  com¬ 
prises  the  use  of  the  electric  eye  as  a  substitute  for  visual  observation. 
The  test  sample  is  internally  heated  or  cooled,  the  temperature  is 
maintained  uniform  by  stirring,  and  temperature  equilibrium  is  auto¬ 
matically  accomplished  by  a  relay  system.  The  relay  system  which 
controls  the  heating  or  cooling  is  activated  by  directing  a  light  beam 
through  the  sample  on  a  photocell,  the  light  beam  being  interrupted 
periodically  as  the  sample  clears  or  clouds  with  slight  temperature 
change.  The  flashing  of  a  lamp  bulb  indicates  when  equilibrium 
temperature  is  reached. 


THE  A.S.T.M.  defines  aniline  point  ( 1 )  as  “the  minimum 
equilibrium  solution  temperature  for  equal  volumes  of  ani¬ 
line  and  petroleum  product”. 


Many  attempts  have  been  made  to  adapt  the  test  to  dark- 
colored  products.  Donn  (S)  proposed  determining  the  tempera¬ 
ture  at  which  a  break  occurred  in  the  viscosity-temperature  curve. 
Van  Wijk  and  Boelhouwer  (8)  proposed  the  detection  of  a  change 
in  transparency  to  infrared  radiation  by  the  use  of  a  thermopile, 
while  Matteson,  Zeitfuchs,  and  Eldredge  (6)  described  an  appara¬ 
tus  also  employing  infrared  radiation  but  using  a  photocell  and 
microammeter.  Williams  and  Dean  (9)  suggested  a  “circulating 
test  tube”  with  visual  observation  through  a  2.0-mm.  layer.  Carr 
and  Agruss  (2)  and  Madsen  (5)  recommended  an  apparatus  for 
determining  equilibrium  temperature  visually  through  a  film  of 

the  sample.  . 

Geddes  (4)  in  order  to  overcome  the  difficulty  and  hazard  in¬ 
volved  in  determining  high  aniline  points  of  highly  paraffinic 
lubricating  oils  proposed  substituting  Ar-methylaniline  for  aniline. 
Data  indicate  that  V-methylaniline  points  are  approximately 
77 0  C.  lower  than  aniline  points. 


Figure  2.  General  View  of  Apparatus 


The  purpose  of  this 
paper  is  to  describe  an 
apparatus  that  determines 
aniline  points  automati¬ 
cally  and  has  the  definite 
advantage  that  at  equi¬ 
librium  temperature  the 
thermometer  mercury 
column  remains  practi¬ 
cally  constant,  varying 
usually  not  more  than 
0.2  °C. 


APPARATUS 

1.  Air-drying  tubes, 
12.0  cm.  X  17  mm.  in 
outside  diameter,  filled 
with  8-mesh  Drierite. 

2.  Bunsen  valve  2.5- 
inch  piece  of  gum  tubing, 
9  mm.  in  outside  diam¬ 
eter,  5-mm.  in  inside 
diameter. 

3.  Indicating  lamp 
bulb,  ordinary,  frosted. 

4.  Knife-switch,  dou¬ 
ble-pole,  single-blade. 


Figure  1.  U-Tube  for  Con¬ 
ducting  Cold  Carbon  Dioxide- 
Air  Mixture 

Contains  heating  unit 


5.  Light  source,  General  Electric  Catalog  98  X  264  Mazda 
1133,  32  C,  6-  to  8-volt.  3.8-cm.  condensing  lens.  General 
Electric  transformer,  Catalog  71G620  KVA  0157,  50/60-cycle 
115-volt  to  4.8-volt. 

6.  Photocell  and  relay  Photoelectric  relay  CR7505  K100-GZ, 
115-volt  50/60-cycle.  Connections  K-6919764,  phototube  923 
(2nd  tube  ZG-479). 

7.  Platinum  heating  unit,  15.0  cm.  of  No.  28  gage  (see  Figure  1). 

8.  Plexiglas  air-jacket,  made  from  0.15-cm.  sheet. 

9.  Sample  container,  modified  Thiele  melting  point  tube. 
Over-all  length,  17.8  cm.  Main  body:  length  8.25  cm.  diameter 
2.54  cm.  Top  opening,  3.5  cm.  Charging  opening,  approxi¬ 
mately  12  mm. 

Circulating  side  arm,  12-mm.  outside  diameter.  Pyrex  tubing, 
approximately  7.6  cm.  over-all  length,  with  flattened  area  of  ap¬ 
proximately  2.0-mm.  inside  diameter  and  with  a  centered  bulls- 
eye  of  about  0.6-cm.  diameter,  the  sides  of  which  are  just  close 
enough  together  to  allow  a  thin  layer  of  sample  to  circulate  be¬ 
tween. 

Interchangeable  ground-glass  joints  have  been  tried,  but  cork 
has  proved  satisfactory. 

10.  Solenoid  valve,  General  Electric  CR9503, 1 15-volt. 

11.  Stirrer,  steel,  0.3-cm.  diameter,  41.6-cm.  shaft,  equipped 
with  1.3-cm.  vertical  olades. 

12.  Stirrer-motor  equipped  with  rheostat. 

13.  Thermos  bottle.  Quart  size  filled  with  pieces  of  dry  ice 
stoppered  with  a  rubber  equipped  with  5-  to  6-mm.  Pyrex  tubes, 
outlet  tube  extending  to  bottom.  Wrapped  for  protection 
against  breakage. 

14.  Thermometer,  A.S.T.M.  aniline  point.  It  is  believed  that 
one  thermometer  of  suitable  range  can  be  used  in  view  of  con¬ 
stancy  of  the  temperature  at  equilibrium  point. 

15.  U-tube.  5.0-mm.  Pyrex  tubing  for  circulating  cold  air  and 
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containing  heating  unit  (Fig¬ 
ure  1).  Thin-walled  tubing  is 
necessary  for  efficient  cooling. 


PROCEDURE 


For  Aniline  Points  above 
Room  Temperature.  Measure 
sufficient  sample  aniline  through 
the  charge  inlet  into  the  sample 
container  to  ensure  thorough 
mixing  through  side  arm.  Place 
thermometer  in  position  and 
attach  to  stirrer  bearing  with  an 
elastic  band  to  prevent  vibra¬ 
tion.  (Photocell  relay  circuit, 
indicating  lamp  bulb,  and  Variac 
are  connected  in  parallel.) 

Switch  on  light  source  and  photo¬ 
cell  circuits  and  set  knife  switch 
blade  in  position,  so  that  the 
relay  will  break  the  heating  unit 
circuit  when  the  solution  is  clear. 

Start  the  stirrer  and  adjust 
speed  until  the  sample  circulates 
through  the  side  arm  without 
drawing  in  air  bubbles.  Set 
Variac,  which  controls  the  heat¬ 
ing  unit,  to  3  to  5  volts  and  turn 
on  switch.  Focus  light  beam  on 
flat  area  of  container  side  arm 
and  direct  towards  photocell. 

Heating  continues  until  the  sam¬ 
ple  clears,  thus  allowing  trans¬ 
mittance  of  light  beam  to  the 
photocell  and  thereby  breaking 
the  heating  circuit.  The  sample 

cools  immediately,  clouds,  and  shuts  off  light  beam  to  photo 
cell,  and  relay  is  activated  to  heat-on  position.  These  clearin: 
and  clouding  cycles  are  uniform  and  of  very  short  duration  am 
are  indicated  by  the  flashing  lamp  bulb. 


Figure  3.  Close-Up  of 
Container 


Sample 

No. 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 


Table  I.  Aniline  Point  Determinations 


Description 


65  ml.  of  benzene  diluted  to 
100  ml.  with  n-heptane 
60  ml.  of  benzene  diluted  to 
100  ml.  with  n-heptane 
50  ml.  of  benzene  diluted  to 
100  ml.  with  n-heptane 
43  ml.  of  benzene  diluted  to 
100  ml.  with  n-heptane 
Gasoline  cut  from  still 
34  ml.  benzene  diluted  to  100 
_  ml.  with  n-heptane 
Light-colored  naphtha 
Gasoline  cut  from  still 
Gasoline  cut  from  still 
Light-colored  naphtha 
Diesel  fuel 
n-Heptane 

Light-colored  naphtha 
Lubricating  oil,  NPA  color  3 


Results 

Proposed 


automatic 

A.S.T.M. 

°  C. 

°  C. 

-11.15,-11.4 

-11.4 

-3.4,  -3.6 

-3.7 

10.05, 10.2 

10.1,10.1 

20.3 

30.8 

20.2 

31.0 

31.2 

35.7,35.7 

39.1 

40.8 

49.6,49.7,49.6 

62.0 

68.9,68.9,69.0 

77.6,78.0,77.7 

111.0 

31.3 

35.9 

39.2 

40.8 

49.7 
62.0 

69.1,69.2 

77.8 
111.2 

Table  II.  Mixed  Aniline  Point  Determinations 


Sample 

No. 

Description 

Results 

Proposed 

automatic  A.S.T.M 

7 

Light-colored  naphtha 

°  C. 

53.2 

°  c. 

53.4 

10 

Light-colored  naphtha 

59.8 

60  0 

13 

Light-colored  naphtha 

73.0 

73.2 

Temperature  is  maintained  practically  constant,  holding  us¬ 
ually  within  0.2 0  C.  Adjust  Variac,  if  necessary,  according  to  the 
difference  between  test  and  room  temperatures. 

Shut  off  electric  circuits  upon  completion  of  test.  Drain  sam¬ 
ple  by  opening  stopcock.  Rinse  sample  container  thoroughly 
with  suitable  solvent  (acetone,  benzene,  or  mixture  of  both) 
through  charge  opening  and  then  apply  vacuum  through  stop¬ 
cock  to  dry  container. 

For  Aniline  Points  below  Room  Temperature.  The  pres¬ 
ence  of  water  seriously  interferes  with  the  accuracy  of  aniline 
point  determinations  ( 7) .  In  determining  aniline  points  occurring 
below  room  temperature,  air  will  be  drawn  into  the  sample  con¬ 
tainer  as  cooling  takes  place.  This  might  be  serious  in  locations 
where  excessive  humidity  is  common.  Therefore,  the  following 
precautions  should  be  observed. 

Make  certain  that  the  stopper  and  fittings  are  tight.  Fit  a 
drying  tube  into  the  charge  opening  by  means  of  a  rubber  stopper 
after  sample  and  aniline  are  in  the  container,  to  act  as  dry-air 
breather  opening.  Insert  the  thermometer  into  position  through 
a  snug-fitting  rubber  sleeve. 

Replace  heating  unit  circuit  with  solenoid-activated  cooling 
circuit  and  set  Variac  to  llo  volts.  (Solenoid,  photocell  relay 
circuit,  and  indicating  lamp  bulb  are  in  parallel.)  Insert  Bunsen 
valve  in  air  line  between  laboratory  air  supply  and  solenoid  valve, 
connect  the  outlet  of  the  solenoid  valve  to  a  drying  tube,  which 
in  turn  is  connected  to  the  thermos  bottle  containing  the  dry  ice; 
make  final  connection  to  U-tube  in  sample  container.  Turn  on 
the  air  until  an  excess  blows  through  the  Bunsen  valve.  Switch 
on  light  source,  photocell  circuit,  and  stirrer,  and  reverse  knife 
switch  blade  in  position  so  that  relay  breaks  circuit  to  solenoid 
when.the  sample  clouds.  Cooling  continues  until  clouding  occurs, 
thus  interrupting  the  light  beam  to  the  photocell  which  breaks 
circuit  to  solenoid,  closes  valve  instantly,  and  diverts  the  air 
through  the  Bunsen  valve.  The  sample  warms  immediately  and 
clears,  again  allowing  transmittance  of  the  light  beam  to  the 
photocell,  which  activates  relay  to  close  solenoid  circuit  and  there¬ 
by  opens  air  valve..  These  clearing  and  clouding  cycles  are  in¬ 
dicated  by  the  flashing  of  the  lamp  bulb  and  produce  a  practically 
constant  equilibrium  temperature. 

Shut  off  electric  circuits  and  clean  container  as  directed  above: 


Figure  4.  Light  Source  and  Photocell 
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Figure  5.  Sample  Container  Disassembled 


Tables  I  and  II  show  the  reproducibility  with  the  apparatus 
and  the  close  agreement  with  results  obtained  by  the  A.S.T.M. 
procedure. 

Table  III  covers  a  few  tests  which  indicate  the  adaptability  of 
this  apparatus  to  dark  petroleum  products.  The  samples  cover 
the  A.S.T.M.  color  range  from  —7  to  very  much  darker  than  8. 
Incidentally,  while  there  is  no  doubt  a  limit  of  sample  color  be¬ 
yond  which  this  apparatus  may  not  function,  changes  in  sample 
container  design  and  a  more  sensitive  light  source  (possibly  in¬ 
frared)  and  photocell  combination  may  permit  the  testing  of 
practically  all  dark  products. 


Tabic  III.  Aniline  Point  of  Dark-Colored  Petroleum  Products 


Sample  Color,  Lovibond  (500 


Amber  Series),  0.25-Inch  Cell 

Results 

No. 

As  is 

Diluted  with 
kerosene 

9  to  1 

A.S.T.M. 

Proposed 
Automatic, 
°  C. 

A 

350 

7- 

82.2 

B 

450 

8- 

116.8 

C 

700 

8  + 

95.5 

D 

>750 

95 

8  + 

104.4 

E 

>750 

>750 

8  + 

81.3 

Figure  2  shows  the  general  setup. 

Figure  3  pictures  the  sample  container  plus  jacket,  etc.,  and 
Figure  4  pictures  container  in  position  between  light  source  and 
photocell.  The  clip  which  prevents  the  thermometer  from  slip¬ 
ping  through  the  glass  sleeve  in  the  stopper  is  replaced  by  a  tight- 
fitting  rubber  sleeve  when  testing  samples  whose  aniline  points 
are  below  room  temperature. 

Figure  5  pictures  sample  container,  U-tube,  stirrer,  and  ther¬ 
mometer  disassembled. 

Tentative  steps  are  under  way  for  the  manufacture  of  this  ap¬ 
paratus  by  the  Precision  Scientific  Company,  Chicago,  Ill. 
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An  Automatic-Recording  Ultraviolet  Photometer  for 

Laboratory  and  Field  Use 

IRVING  M.  KLOTZ  AND  MALCOLM  DOLE,  Department  of  Chemistry,  Northwestern  University,  Evanston,  III. 


The  rates  of  adsorption  processes  or  chemical  reactions  involving  a 
gas  which  absorbs  ultraviolet  light  can  be  followed  readily  with  an 
ultraviolet  photometer.  An  automatic-recording  instrument  is  de¬ 
scribed  capable  of  detecting  concentrations  of  the  order  of  a  part  per 
million.  This  apparatus  has  been  applied  to  the  evaluation  of  the 
efficiency  of  adsorbents  against  toxic  gases,  to  field  studies  of  the 
travel  of  gas  clouds,  and  to  fundamental  in/estigations  in  the  kinetics 
of  gaseous  reactions. 

IN  TESTS  of  the  protection  of  absorbents  against  toxic  gases 
and  in  field  studies  of  the  travel  of  gas  clouds,  it  is  highly  de¬ 
sirable  to  have  an  instrument  which  will  follow  rapid  changes  in 
concentration  and  will  detect  minute  quantities  of  certain  test 
gases.  In  laboratory  tests  of  the  efficiency  of  adsorbents,  a 
knowledge  of  the  variation  of  effluent  concentration  with  time  is 


necessary  for  both  practical  and  theoretical  assessment,  and  since 
this  concentration-time  curve  (Figure  1)  is  frequently  very  steep, 
a  rapid,  recording  analyzer  is  most  desirable.  In  field  tests  a 
cloud  of  toxic  gas  may  pass  a  station  in  less  than  a  minute  and 
may  exhibit  large  variations  in  concentration  within  that  short 
period  (Figure  2),  so  that  a  rapid-recording  device  becomes  essen¬ 
tial. 

A  number  of  the  important  war  gases — for  example,  phosgene 
(2)  and  chloropicrin  (4) — exhibit  strong  absorption  of  ultraviolet 
radiation.  This  property  may  be  used  to  advantage  as  an  analyti¬ 
cal  tool  and  has  been  so  applied  by  Woodson  ( 9 )  and  others  ( 1 , 
3,  6).  The  instrument  described  in  this  paper  has  a  number  of 
advantages  over  those  previously  described.  For  increased  pre¬ 
cision  in  analysis,  a  null-point  measuring  circuit  has  been  intro¬ 
duced  similar  to  one  already  described  (3).  To  avoid  the  neces- 
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sity  of  frequent  recalibration  as  the  intensity  of  the  light  declines 
or  when  the  source  must  be  replaced,  an  arrangement  has  been 
inserted  whereby  the  absolute  intensity  of  the  radiation  may  be 
measured.  Finally,  provision  has  been  made  for  the  use  of  an 


Figure  1 .  Effluent  Concentration  from  a 
Column  of  Charcoal 


automatic-recording  microammeter  which  may  be  introduced  or 
removed  from  the  circuit  by  the  flip  of  a  single  switch. 

PRINCIPLE  OF  THE  PHOTOMETER 

In  quantitative  photometric  work  it  is  customary  to  treat  the 
data  in  terms  of  Beer’s  law 

log(70/7)  =  ecd  (1) 

where  7o  is  the  intensity  of  the  light  passing  through  an  absorption 
cell  of  d  cm.  length,  containing  none  of  the  light-absorbing  ma¬ 
terial,  7  is  the  intensity  of  the  light  traversing  the  same  cell  con¬ 
taining  the  light-absorbing  substance  at  a  concentration  of  c  moles 
per  liter,  and  e,  the  molecular  extinction  coefficient,  is  a  quantity 
which  depends  on  the  compound,  on  the  wave  length,  and  oc¬ 
casionally  on  the  concentration.  In  the  present  instrument,  the 
light  intensity  is  translated  into  a  voltage.  Since  the  number  of 
electrons  emitted  by  the  photocell  is  proportional  to  the  intensity 
of  the  incident  light  and  since  the  voltage,  V,  is  created  by  the 
flow  of  electrons  through  a  constant  resistance,  Ru  it  follows  that 

V  =  kIR1  (2) 

where  k  is  a  constant. 

Consequently  Beer’s  law  assumes  the  form 


To  obtain  increased  sensitivity  in  detection,  balanced-photo- 
cell,  electrical  circuits  have  been  devised  to  read  the  change  from 
Vo  when  a  light-absorbing  substance  is  present.  This  change, 
v,  is  related  to  V  by  the  equation 
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v  =  F0  -  V  (4) 

Consequently,  Beer’s  law  assumes  the  form 


'°zvr=i-eed  (5> 

A  schematic  diagram  of  the  optical  and  electrical  system  is 
illustrated  in  Figure  3.  The  principle  of  its  operation  is  simple. 

If  light  is  allowed  to  fall  on  the  photocell,  Pu  a  stream  of  elec¬ 
trons  will  flow  toward  and  through  the  grid  leak,  Rh  and  will 
create  a  potential  drop  across  this  high  resistance.  If  Si  is  switched 
to  the  left-hand  circuit,  but  St,  S7,  and  POT .  are  all  adjusted  to 
zero  e.m  f.,  then  the  potential  drop  across  the  grid  leak  will  be 
impressed  on  the  amplifier  and  cause  a  deflection  in  the  plate- 
current  galvanometer,  GALV.,  or  on  the  recorder.  The  mag¬ 
nitude  of  this  potential  drop  can  be  measured  accurately  by  im¬ 
posing  a  counterpotential  through  the  batteries,  B,  and  B,  and 
the  potentiometer,  POT.,  until  the  galvanometer,  or  recorder 
returns  to  its  initial  reading.  In  this  manner  the  value  of  Vo  mav 
be  determined. 

If  now  two  beams  of  light  of  equal  intensity  are  allowed  to  fall 
on  the  two  photocells,  Pi  and  P2,  respectively,  and  if  these  photo- 
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cells  are  identical  in  response,  no  net  flow  of  electrons  through  I?!, 
and  consequently  no  potential  drop,  is  observed.  (In  practice, 
of  course,  the  photocells  are  not'identical,  and  it  is  necessary  to  use 
a  set  of  diaphragms  to  balance  the  outputs,  as  is  described  in  the 
section  on  operation.)  If  a  light-absorbing  substance  is  inter¬ 
posed  between  the  light  source  and  one  of  the  photocells,  the  elec¬ 
trical  balance  is  disturbed  and  a  potential  drop  will  be  impressed 
across  Ri.  This  potential  may  be  balanced,  with  Si  switched  to 
the  left,  by  potentiometer,  POT.,  and  batteries  Bt  and  B3  if  nec¬ 
essary,  to  obtain  the  value  of  v.  To  detect  very  small  changes, 
in  v,  Si  is  switched  to  the  right  and  a  Leeds  &  Nor  thru  p  student- 
type  potentiometer  introduced  into  the  circuit. ,  A  difference  of 
about  0.001%  in  light  intensity  can  be  detected  thereby. 

When  the  automatic  recorder  is  to  be  used,  S3  is  switched  to  the 
right,  and  the  changes  in  intensity  of  light,  due  to  changes  in  con¬ 
centration  of  absorbing  material,  are  continuously  recorded  on  a 
chart.  The  deflections  are  then  calibrated  by  imposing  a  counter¬ 
potential  on  the  grid  leak  by  means  of  the  potentiometer  and 
batteries  B2  and  B3. 

CONSTRUCTION  OF  PHOTOMETER 

Light  Source.  The  most  recent  model  of  the  photometer  has 
been  constructed  to  enable  the  use  of  either  a  General  Electric 
T-10  germicidal  lamp  or  a  Westinghouse  WL-793  sterilamp  as 


the  source  of  ultraviolet  light.  The  GE  lamp  has  proved  more 
satisfactory  but  for  a  time  was  not  manufactured.  Whereas  95% 
of  the  radiation  of  the  GE  lamp  is  at  2537  A.  (6),  84%  of  the 
radiation  of  the  Westinghouse  lamp  is  concentrated  at  this  wave 
length  (8). 

The  current  going  through  the  GE  lamp  was  stabilized  by  a 
constant-current  circuit  whose  theory  has  been  discussed  by 
Steinmetz  (7)  and  which  has  been  used  for  the  same  purpose  by 
Hanson  ( 1 ).  Constant  voltage  is  obtained  with  the  aid  of  a  Sola 
transformer  or  a  Raytheon  voltage  stabilizer.  With  the  WL-793 
lamp  it  is  also  necessary  to  use  a  special  220-volt  transformer. 

Provision  has  been  made  also  for  operating  the  GE  lamp  from 
a  direct  current  source.  For  this  purpose  three  45-volt  B  bat¬ 
teries  (Burgess  No.  21308)  are  connected  in  series  with  a  2500- 
ohm,  50-watt  rheostat  (Ohmite  No.  0328),  and  inserted  into  the 
light-source  circuit  in  place  of  the  110-volt  alternating  current. 
To  start  the  lamp,  the  rheostat  is  turned  to  zero  resistance,  for 
only  with  the  full  135  volts  across  the  electrodes  will  the  mercury 
arc  strike.  Once  the  lamp  is  in  operation,  however,  the  rheostat 
is  adjusted  to  decrease  the  intensity  of  the  ultraviolet  radiation 
to  a  suitable  value.  Under  normal  operating  conditions,  the 
direct  current  flowing  through  the  lamp  is  about  20  milliamperes. 

Absorption  Cell.  Side  arms  were  blown  on  to  a  Pyrex  tube, 
which  was  then  cut  with  the  aid  of  a  glass  saw  to  a  length  of  20  cm. 
Windows  of  Corning  ultraviolet-transmitting  glass  No.  791  were 


Figure  3.  Schematic  Diagram  of  Ultraviolet  Photometer 


Galv.  GE  galvanometer  32  C  205  G  1 

Pi,  Pt.  R.C.A.  935  phototubes 

Ri.  I.R.C.  type  H  1  2000  megohms 

Ri.  10  ohms 

Ri.  200  ohms 

Rt.  1000  ohms 

Ri.  10,000  ohms 

Rt.  General  Radio  Co.  potentiometer  type  371 -A,  25  watts, 
1000  ohms 

R-.  General  Radio  Co.  potentiometer  type  371 -A,  25  watts 
50,000  ohms 

Pot.  General  Radio  Co.  potentiometer  type  314-A,  6  watts, 
20,000  ohms 
Ti.  RCA  954 

Si.  Double-pole  double-throw  toggle  switch 


Si,  St  St.  Single-pole  single-throw  toggle  switch 

5a.  Double-pole  double-throw  jack  switch,  Mallory  762 

St,  S».  Single-pole  5  place  Mallory  selector  switch  321 5-J 

Si.  Single-pole  17  place  Mallory  selector  switch  32117-J 

Bi.  Burgess  W30  BP 

Bi.  2  Burgess  5308  in  series 

Bt.  3  Burgess  5540  in  series 

Bi.  Burgess  4  F  H 

Bi.  3  Burgess  4  F  H  in  series 

Bt.  Burgess  51  56  with  Fahnstock  clips 

L\.  G  E  T-10  germicidal  lamp  or  Westinghouse  WL-793 
sterilamp 

DS.  Diaphragm  and  shutter 
A.  Absorption  cell 

110-volt  A.C.  obtained  from  constant  voltage  source  connected  to 
building  mains 
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Figure  4.  Ultraviolet  Photometer  and  Recorder 


sealed  to  the  tubes  with  Cenco  Sealstix  cement.  Glass  tubes 
were  then  sealed  to  the  side  arms  and  led  outside  the  photometer 
cabinet,  so  that  they  served  as  an  inlet  and  outlet  for  the  gas  to  be 

analyzed. 

Detecting  and  Recording  Circuits.  RCA  935  phototubes  serve 
as  the  light-sensitive  elements.  The  photocurrents  are  amplified 
in  an  electrometer  circuit  using  an  RCA  954  acorn  pentode  tube 
as  previously  described  (8).  The  details  are  specified  adequately 
in  the  legend  attached  to  Figure  3. 

The  automatic  recorder  is  a  General  Electric  recording  micro- 
ammeter,  type  8CE1CK12,  with  a  full-scale  deflection  correspond¬ 
ing  to  56  microamperes.  A  suitable  Ayrton  shunt  has  been  in¬ 
troduced  to  decrease  this  sensitivity  for  use  in  cases  where  high 
concentrations  and  hence  large  currents  are  encountered. 

For  use  with  an  alternating  current  source,  the  entire  appara¬ 
tus,  with  the  exception  of  the  automatic  recorder,  was  assembled 
compactly  in  a  single  metal  cabinet  of  20  X  12  X  12  inches.  The 
complete  assembly  and  recorder  are  illustrated  in  Figure  4.  The 
cost  of  a  complete  instrument,  including  recorder,  is  about  $800. 


OPERATION  OF  PHOTOMETER 

The  first  step  in  operating  the  photometer  is  to  start  the  elec¬ 
trical  current  flowing  through  the  ultraviolet  lamp  and  through 
the  amplifying  circuit.  There  is  always  a  drift  while  the  electrom¬ 
eter  tube,  ultraviolet  lamp,  and  constant-voltage  transformer 
are  warming  up.  A  preliminary  period  of  about  half  an  hour  is 
necessary  before  the  galvanometer  deflection,  a  measure  of  over¬ 
all  stability,  becomes  sufficiently  steady  for  measurements  to  be 
made.  During  this  period  the  shutters  are  kept  closed. 

The  electrical  circuits  having  been  stabilized,  one  proceeds  to 
measure  F0.  The  shutter  in  front  of  Pi  is  opened  and  the  dia¬ 
phragm  and  counterpotential  are  adjusted  to  a  suitable  balance. 
The  balance  may  be  obtained  with  the  galvanometer,  GALV.,  or 
the  recorder  as  the  null-indicating- device.  The  exact  value’  of 
the  counterpotential  is  then  recorded. 

The  counterpotential  is  then  decreased  to  zero  and  the  shutter 
in  front  of  P2  is  opened.  The  diaphragm  of  this  compartment  is 
adjusted  so  that  the  light  intensities  impinging  on  the  photocells 
are  equalized,  as  indicated  by  a  null  reading  in  the  plate-current 
galvanometer,  the  sensitivity  of  the  shunt  being  adjusted  pro¬ 
gressively  to  its  highest  value. 

During  the  preceding  operations  pure  dry  air  is  maintained  in 
the  absorption  cell.  Once  the  instrument  has  been  balanced,  one 
may  introduce  the  absorbing  gas.  Its  presence  decreases  the  in¬ 
tensity  of  the  light  reaching  one  of  the  photocells,  and  creates  an 
unbalance  which  may  be  counteracted  by  applying  a  potential 
with  POT.,  B2  and  B3.  The  magnitude  of  this  potential  is  v. 
With  the  aid  of  Equation  5  and  a  calibration  curve  the  concen¬ 
tration  may  be  determined  readily. 

The  batteries  in  the  photometer  will  run  down  slowly.  The 
current  drain  on  Bb  is  high  and  these  dry  cells  must  be  replaced 
every  three  or  four  months,  if  the  instrument  is  operated  daily. 
The  drain  on  B4  and  /i6  is  small  and  that  on  Bh  B2,  and  B3  ex¬ 
tremely  small,  since,  in  the  latter  case,  practically  no  current  is 
drawn  in  its  very  high-resistance  circuit.  All  these  batteries  are 
replaced  annually.  For  highest  precision,  those  in  the  grid-leak 
circuit  should  be  calibrated  from  time  to  time,  by  means  of  a  po¬ 
tential  divider  and  a  potentiometer,  since  their 


voltages  are  used  in  the  calculations.  As  the 
voltages  appear  in  a  ratio  in  Equation  5,  however, 
errors  due  to  the  running-down  of  these  dry  cells 
are  small. 

TECHNIQUE  OF  GAS  ANALYSIS 

Various  arrangements  have  been  used  to  intro¬ 
duce  the  gas  to  be  analyzed  into  the  absorption 
chamber.  In  laboratory  work,  the  gas-testing  line 
is  usually  operated  under  a  pressure  of  a  few  inches 
of  water,  and  the  gas  effluent  from  the  absorbent 
may  be  led  into  the  absorption  cell  by  suitable 
leads  of  glass  tubing.  Standard-taper  joints  should 
be  incorporated  into  this  line,  for  appreciable 
erorrs  are  introduced  by  the  presence  of  rubber 
connections  when  organic  vapors  are  being 
analyzed. 

In  field  work  it  is  convenient  to  attach  a  small 
pump  to  the  exit  end  of  the  absorption  cell  and 
thereby  suck  the  surrounding  gas  through  the  ab¬ 
sorption  cell.  A  three-way  stopcock  and  a  tube 
of  charcoal  and  drying  agent  are  attached  to  the 
entrance  end  of  the  absorption  cell,  so  that  pure 
dry  air  may  be  introduced  into  the  system  during 
the  initial  adjustment  of  the  instrument. 


Figure  5.  Calibration  Curves  for  Chloropicrin 
and  Nitrobenzene 
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Table  I.  Sensitivity  of  Detection 


Gas 


Cbloropicrin 

Phosgene 

Mustard  gas 

Chlorine 

Nickel  carbonyl 

Iodine 

Toluene 

Chloroacetophenone 

Mercury 


Sensitivity 
P.p.m.  (by  volume) 

1 

1 

3 

3 

0.5 

0.5 

0.2 

0.03 

0.0001 


In  many  field  and  house  trials  it  was  necessary  to  maintain  a 
large  number  of  sampling  stations,  so  that  the  duration  of  presence 
and  concentration  of  the  toxic  gas  could  be  evaluated  at  various 
distances  from  the  point  of  release.  The  construction  of  photom¬ 
eters  for  each  one  of  these  stations  would  have  been  unduly 
expensive  and  time-consuming.  Therefore,  instead  of  a  photom¬ 
eter,  a  rack  of  a  dozen  or  more  sampling  bulbs  was  set  up  at 
each  station. 

These  bulbs  consisted  of  a  long  body  of  about  50-mm.  Pyrex 
tubing,  rounded  at  one  end  and  sealed  at  the  other  to  standard 
10-mm.  glass  tubing.  The  bulbs  were  evacuated  prior  to  the 
release  of  the  gas,  and  then  sealed  off.  At  specified  intervals 
during  a  “shoot”,  the  tapered  tip  of  a  bulb  was  scratched  with 
a  file  and  then  broken.  Air  containing  the  toxic  gas  rushed  into 
the  bulb  until  the  pressure  inside  was  equal  to  that  outside.  The 
tip  was  then  sealed  with  a  suitable  wax  and  the  bulb  was  returned 
to  the  rack  for  subsequent  analysis.  At  the  conclusion  of  the 
“shoot”  the  bulbs  were  all  assembled  at  a  central  station  contain¬ 
ing  one  or  two  photometers  and  the  contents  of  each  were 
analyzed.  For  analyses  in  these  cases,  the  sampling  bulb  was 
attached  to  one  end  of  the  inlet  three-way  stopcock  of  the  ab¬ 
sorption  cell,  which  was  then  evacuated  up  to  the  stopcock,  and 
the  latter  was  then  opened,  so  that  the  contents  of  the  bulb 
could  diffuse  into  the  absorption  cell. 

APPLICATIONS 

In  all  analyses  a  calibration  curve  must  be  obtained  first. 
Typical  curves,  for  chloropicrin  and  nitrobenzene,  are  shown  in 
Figure  5.  These  were  obtained  by  passing  each  gas  at  a  series  of 
known  concentrations  through  the  photometer  and  recording  the 
voltageSj  v,  that  were  observed.  The  function  indicated  by 


Equation  5  was  then  plotted,  as  is  illustrated  in  Figure  5.  The 
curves  obtained  are  not  linear,  probably  because  of  the  stray  light 
in  the  radiation  source.  The  nonlinearity  introduces  no  difficulty 
however,  for  in  any  test  run  concentrations  may  be  determined 
readily  by  reference  to  a  large-scale  reproduction  of  Figure  5. 

In  a  theoretical  analysis  of  the  nature  of  the  removal  process  in 
a  flowing  system,  it  is  necessary  to  have  a  detailed  time-history  of 
the  concentration  effluent  from  the  absorbent.  A  typical  curve 
of  this  type  is  shown  in  Figure  1.  With  manual  control  it  is 
possible  to  obtain  a  reading  every  30  seconds.  With  the  recorder 
one  obtains,  of  course,  a  continuous  record.  In  either  event  the 
concentrations  are  essentially  instantaneous  values,  the  lag  in  the 
electrical  circuits  being  completely  negligible. 

The  extreme  sensitivity  of  detection  is  illustrated  in  Figure  6, 
which  shows  a  penetration  curve  for  chloropicrin  passing  through 
charcoal.  Individual  readings,  collected  by  manual  control,  are 
shown  in  this  figure.  This  curve  makes  it  possible  to  study  the 
nature  of  the  penetration  at  very  low  'effluent  concentrations. 

A  typical  field  test,  as  well  as  an  example  of  the  use  of  the  re¬ 
corder,  is  illustrated  in  Figure  2.  For  purposes  of  comparison 
the  readings  of  an  automatic-recording  conductivity  meter  are 
shown  on  the  same  graph  (scale  different).  It  is  obvious  that  the 
photometer  retains  the  “fine-structure”  of  the  variation  in  gas 
concentration,  whereas  the  conductivity  meter  smooths  out 
relatively  large  variations.  As  is  also  illustrated  in  Figure  2,  the 
dense  portion  of  the  gas  cloud  passed  the  station  at  which  the 
photometer  was  situated  in  a  fraction  of  a  minute,  yet  details  of 
the  variations  in  concentration  have  been  recorded  clearly. 

The  instrument  is  also  applicable  to  many  kinetic  problems. 
It  has  been  used  by  Blacet,  Blaedel,  and  Lewis,  in  this  laboratory, 
to  study  the  rates  of  conversion  of  nitric  oxide  into  nitrogen 
dioxide.  Their  work  will  be  described  in  a  subsequent  publica¬ 
tion. 

In  general  the  photometer  is  applicable  to  any  kinetic  or  ther¬ 
modynamic  problem  requiring  the  analysis  of  a  gas  which  absorbs 
ultraviolet  radiation.  Included  in  this  category  are  organic  con¬ 
jugated  compounds  as  well  as  ketones,  aldehydes,  and  nitro  de¬ 
rivatives.  A  few  typical  sensitivities  which  have  been  determined 
with  the  present  instrument  are  shown  in  Table  I. 

There  are,  of  course,  many  compounds  which  do  not  absorb 
ultraviolet  radiation  of  2537  A  wave  length  and  for  these  sub¬ 
stances  the  instrument  is  not  suitable.  A  few  of  the  war  gases  in 
this  latter  category  are  arsine,  hydrogen  cyanide,  and  cyanogen 
chloride.  Where  the  instrument  is  applicable,  however,  it  offers 
a  very  rapid  and  convenient  method  of  analysis. 
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Quantitative  Analysis  of  Isomeric  Cresols  and  Cresol- 

Phenol  Mixtures 

By  Ultraviolet  Absorption  Spectra  of  Vapors 
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The  University  of  Texas,  Austin  12,  Texas 


A  procedure  for  the  quantitative  analysis  of  isomeric  cresols  and 
cresol-phenol  mixtures  is  described.  Spectrograms  of  the  vapor 
in  equilibrium  with  liquid  mixtures  are  taken  under  fixed  conditions 
for  a  number  of  synthetic  samples.  Working  curves  are  prepared 
from  the  measured  densities  of  select  bands  in  the  absorption  spec¬ 
tra  and  the  known  concentrations  in  the  samples.  The  mean  devia- 

THE  ultraviolet  absorption  spectra  of  aromatic  molecules  in 
the  vapor  state  have  a  number  of  features  which  suggest 
their  use  in  analytical  chemistry.  All  aromatic  compounds 
absorb  light  in  the  region  of  2500  to  3000  A.,  owing  to  an  elec¬ 
tronic  transition  involving  the  excitation  of  the  pi  electrons  in 
the  ring,  corresponding  to  the  dlB-52„  transition  in  benzene 
(4,6).  ‘ 

The  electronic  transition  is  very  structure-sensitive  and  the 
ultraviolet  absorption  spectra  should  be  effective  in  bringing  out 
peculiarities  in  compounds  of  similar  structure. 

The  ultraviolet  absorption  of  aromatics  in  the  liquid  state  has 
been  widely  used  in  analyses.  The  use  of  the  liquid  state  has 
the  important  disadvantage  that  the  fine  structure  so  characteris¬ 
tic  of  the  vapor  spectrum  is  largely  wiped  out  and  with  it  much 
of  the  individuality  of  the  spectra  of  the  various  aromatic  com¬ 
pounds.  Cole  (8)  has  analyzed  air  for  toluene  and  benzene,  using 
ultraviolet  absorption.  In  1944  Berton  (1)  discussed  the  analy¬ 
sis  of  aromatic  compound  mixtures  by  means  of  vapor  ultraviolet 
spectrography.  He  reproduced  spectrograms  of  mixtures  of 
aromatic  compounds  but  gave  no  quantitative  data  except  the 
results  of  analyses  for  toluene  and  benzene  in  air.  In  this  he 
had  been  completely  anticipated  by  Cole  who,  three  years  earlier, 
published  complete  analytical  data,  including  the  working  curves 
for  both  toluene  and  benzene.  Berton  probably  did  not  have 
access  to  the  American  journals  during  the  war. 

EXPERIMENTAL 

The  spectrograph  used  in  this  work  and  described  in  earlier 
investigations  (S)  was  a  3-meter  grating  instrument  with  modified 
Eagle  mounting.  The  absorption  cell  was  quartz,  70  cm.  long, 
with  two  outlets,  one  to  a  reservoir  holding  the  sample,  the  other 
to  a  Hyvac  pump  through  a  stopcock  and  trap.  Ground-glass 
joints  lubri.cated  with  Apiezon  L  were  used.  A  2.5-kv.-amp. 
hydrogen  discharge  tube  provided  the  illumination. 

Synthetic  samples  were  prepared  and  introduced  into  the  reser¬ 
voir  and  were  maintained  at  25°  C.  The  cell,  cleaned  by  rinsing 
with  acetone  and  ether  and  with  the  ground-glass  joints  com¬ 
pletely  relubricated  after  the  preceding  run,  was  exhausted  for 
10  minutes  and  a  time  interval  of  10  minutes  was  allowed  for 
attaining  equilibrium  after  the  system  was  isolated  from  the 
pump.  All  the  exposures  were  taken  in  the  first  order  of  the 
spectrograph  (slit  width,  0.05  mm.)  and  were  of  10  minutes’ 
duration.  Eastman  103-0  spectrographic  plates  were  used  and 
given  a  tray  development  of  8  minutes  with  D76c  at  19 0  C.  with 
manual  agitation,  this  development  being  estimated  to  give  a 
gamma  of  about  1  (a  degree  of  contrast  such  that  the  slope  of  the 
curve  of  density  versus  the  logarithm  of  the  exposure  would  be 
about  1).  The  developer  used  had  to  be  mixed  very  carefully  if 
consistent  results  were  to  be,  obtained  from  different  batches  of 
developer.  The  plates  were  scanned  with  a  Leeds  &  Northrup 
microphotometer. 
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tion  between  the  composition  of  the  synthetic  isomeric  cresol 
samples  and  the  composition  of  these  samples  as  obtained  from  the 
working  curves  is  less  than  2%.  Phenol  can  be  detected  in  cresol 
mixtures  when  present  in  amounts  as  low  as  0.3%  and  can  be  ana¬ 
lyzed  for  at  this  and  higher  concentrations  with  about  the  same 
precision  as  that  mentioned  above. 


CRESOL  MIXTURES 

Preparation  of  Working  Curves.  Spectrograms  were 
taken  of  the  three  pure  cresols  and  of  a  number  of  synthetic  mix¬ 
tures.  In  Figure  1,  reproduced  as  negative  prints,  are  the  spec¬ 
tra  of  the  pure  components.  In  Figure  2  are  the  microphotom¬ 
eter  tracings  of  these  plates,  as  well  as  of  the  plate  obtained  from 
sample  5  of  Table  I.  The  scale  on  the  left  of  each  microphotom¬ 
eter  tracing  is  a  density  scale  obtained  by  running  an  Eastman 
stepwedge  with  each  plate  for  the  purpose  of  calibrating  the 
microphotometer.  This  was  necessary,  since  the  sensitivity  of 
the  microphotometer  was  changed  from  plate  to  plate  in  such  a 
manner  as  to  bring  out  as  much  detail  as  possible. 

The  strongest  bands  of  the  spectra  of  o-,  m-,  and  p-cresol  are 
designated,  respectively,  as  A0,  Am,  and  Ap  with  wave  lengths 
2744,  2779,  and  2830  A.,  respectively.  It  will  be  evident  from 
an  examination  of  the  spectrograms  of  Figure  1  or  the  tracings 
of  Figure  2  that  the  Ao  band  and  the  Ap  band  are  relatively  in¬ 
dependent.  Thus  the  density  of  the  center  of  each  band  will 
serve  as  an  independent  measure  of  the  concentration  of  the  cor¬ 
responding  cresol  in  the  sample.  In  Figures  3  and  4  are  given  the 
working  curves  for  o-cresol  and  p-cresol  as  they  were  obtained 
from  the  various  synthetic  mixtures.  The  ‘  ‘density  A”  is  the  den- 
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50  2600  50  2700  50  2800  50 

Figure  1.  Near  Ultraviolet  Absorption  Spectrograms  of  Cresol 

Vapors 

a.  o-Crcsol.  b.  m-Crejol.  c.  p-Cresol. 
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lity  difference  between  the  background  of  the  band  and  the  cen- 
«r  of  the  band.  This  roughly  cancels  the  variations  in  the  in- 
«nsity  of  the  light  source  and  in  development. 

The  meta  band,  Am,  has  a  relatively  low  extinction  coefficient 
md  s  overlapped  by  an  ortho  band  of  almost  equal  intensity, 
'herefore  it  was  not  possible  to  determine  the  meta  concentra- 
ion  by  the  direct  method  which  was  used  for  the  ortho  and  para 
somers.  The  difference  in  density  between  bands  from  two 
iififerent  compounds  in  a  single  mixture  is  a  more  sensitive  func- 
ion  of  concentration  than  the  density  of  either  band  alone.  The 
lensity  difference,  called  A',  was  taken  between  band  Am  and 
he  second  strongest  ortho  band,  labeled  B0  (X  =  2694  A.)  on  the 
pectrograms  of  Figure  1.  B0  was  used  instead  of  Aa  to  avoid 
he  effect  of  strong  absorption  mentioned  below.  Since  the  para 
somer  also  absorbs  slightly  in  this  region,  a  working  curve  of 
versus  per  cent  meta  was  first  prepared  from  meta-ortho  mix- 
ures.  The  three-component  synthetic  mixtures  were  then 
inalyzed  and  a  correction  curve  was  determined  (see  Figure  5) 
hat  would  eliminate  the  effect  of  the  p-cresol  on  the  two-compo¬ 


nent  density  A'-%  meta  curve  mentioned  previously.  The  pro¬ 
cedure  is  as  follows: 

The  amounts  of  ortho  and  para  are  first  determined.  Then 
the  para  density  correction  is  determined  from  Figure  5  and 
added  to  the  A',  determined  from  the  microphotometer  record. 
The  composition  of  meta  in  terms  of  ortho  is  then  read  off  Figure 
6,  using  the  corrected  density,  A'.  Then  meta  is  known  in  terms 
of  ortho  and  the  per  cent  meta  in  the  complete  sample  may  be  cal¬ 
culated. 

Each  working  curve  that  is  drawn  represents  an  average  of  the 
results  in  terms  of  the  density  A  as  a  function  of  concentration. 

Discussion  of  Results.  The  Beer-Lambert  law  is  fairly 
well  obeyed  for  low  concentrations  of  the  components  but  not  for 
the  higher  concentrations,  particularly  in  the  case  of  the  ortho 
isomer.  This  is  because  the  absorption  of  these  bands  is  so 
strong  that  the  exposure  in  the  center  of  the  bands  falls  below  the 
linear  portions  of  the  density-exposure  curve  given  in  Figure  6. 
(This  curve  is  the  experimentally  determined  characteristic 


Figure  2.  Microphotometer  Tracings  of  Spectrograms  of  Figure  1 
a.  o-Cresol.  b.  m-Cresol.  c.  p-Cresol.  d.  Sample  of  30.1  %  ortho,  31.7%  meta,  and  38.2%  para 
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curve  of  Eastman  103-0  spectrographic  plates  when  processed 
as  described  above.)  Consequently,  samples  of  50%  or  higher 
ortho  or  70%  or  higher  para  cannot  be  analyzed  directly.  How¬ 
ever,  a  known  amount  of  para  or  ortho,  respectively,  or  of  meta 
may  be  added  to  bring  the  relative  concentrations  down.  An¬ 
other  possible  method  of  analyzing  for  high  percentages  of  ortho 


%  ORTHO 

Figure  3.  Working  Curve  for  o-Cresol  Based  upon 
Band  Ao  of  Wave  Length  2744  A. 


A  is  density  difference  between  background  and  center  of  band 


or  para  involves  the  use  of  an  additional  short  cell,  whose  lengtl 
relative  to  the  length  of  the  original  cell  is  known. 

The  straight-line  portion  of  the  curve  indicates  also  that  Ra 
oult’s  law  is  obeyed,  at  least  over  that  region. 

In  Table  I  are  given  the  concentrations  of  the  three  cresol  iso 
mers  in  various  synthetic  samples  as  determined  from  the  work 
ing  curves  and  the  experimental  data,  except  for  the  sample; 
with  very  high  ortho  or  para  concentrations.  The  composition; 
of  the  corresponding  synthetic  samples  are  given  in  the  same  table 
The  mean  deviation  between  the  two  is  less  than  2%. 


CRESOL-PHENOL  MIXTURES 

Preparation  of  Working  Curves.  In  Figure  8  are  repro 
ductions  of  spectrograms  of  pure  phenol  and  of  a  phenol-creso 
mixture  of  16.4%  phenol.  Figure  9  shows  microphotomete! 
tracings  of  the  above  spectrograms.  It  will  be  noticed  fron 
9,  b,  that  the  spectrum  of  phenol  is  much  more  strongly  developec 
than  that  of  the  o-,  m-,  or  p-cresols.  The  strong  bands  (A0  anc 
Ap)  of  the  o-cresol  and  p-cresol  spectra  are,  however,  completelj 
independent  of  the  phenol  spectrum,  whereas  the  relatively  weal 
spectrum  of  ra-cresol  is  completely  lost  in  that  of  phenol. 

The  band  marked  P  of  wave  length  2636.7  A.  in  the  pheno 
spectrum  was  chosen  for  the  analysis  because  of  its  moderate 


Figure  5.  Correction  Curve  Used  in  Meta 
Analysis 

Density  corresponding  to  determined  percentage 
of  para  is  to  be  added  to  density  difference, 
Am““  Bo 


Sample 

No. 

Table  1.  Composition  of  Samples 

Synthetic  Sample 

Determined 
from  Working 
Curve 

1 

Ortho 

61.4 

Meta 

20.7 

Para 

17.8 

20 

2 

Ortho 

20.6 

22 

Meta 

20.0 

21 

Para 

59.4 

61 

3 

Ortho 

19.4 

18 

Meta 

61.8 

59 

Para 

18.8 

17 

5 

Ortho 

30.1 

29 

Meta 

31.7 

‘  30 

Para 

38.2 

37 

6 

Ortho 

25.7 

26 

Meta 

26.3 

26 

Para 

48.0 

47 

7 

Ortho 

9.4 

10 

Meta 

10.4 

12 

Para 

80.2 

80 

8 

Ortho 

64.2 

Meta 

25.1 

Para 

10.7 

io 

9 

Ortho 

37.3 

35 

Meta 

27.4 

30 

Para 

35.3 

35 

10 

Ortho 

63.1 

Meta 

26.2 

Para 

10.6 

9 
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Figure  6.  Working  Curve  for  m-Cresol 


Figure  7.  Characteristic  Curve  of  East¬ 
man  103-0  Spectrographic  Plate,  De¬ 
veloped  as  Described  in  Text 

- > 


LOG  E 


lensity,  its  complete  independence  of  the  cresol  spectra,  and 
I  sharpness.  In  these  mixtures,  then,  o-cresol,  p-cresol,  and 
Imol  can  be  determined  directly,  and  m-cresol  is  known  if  it  is 
I  only  remaining  component  of  the  mixture. 

If  he  apparently  small  differences  in  the  intensities  of  the  strong 
Imol  bands  shown  in  the  tracings  in  Figure  9  are  due  to  the 
It  that  the  exposures  in  these  bands  fall  on  the  rather  flat,  in- 

Isitive  toe  of  the  characteristic  curve  of  the  photographic 
ilsion  (see  Figure  7). 


i 


P  Aq  ApH  Ap 

■  i  i  I  i  i  i  I  i 


50  2600  50  2700  50  2800 

Figure  8.  Ultraviolet  Absorption  Spectrograms  of  Vapors 


a.  Pure  phenol,  b.  Sample  4  of  phenol-cresol  mixtures 
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2550  2600  50  2700  A  50  2800  50 

Figure  9.  Microphotometer  Tracings  of  Spectrograms  of  Figure  8 
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In  Figure  10  is  given  the  working  curve  for  phenol.  The 
density  A  that  is  plotted  against  the  phenol  concentration  is  the 
difference  in  density  between  the  center  of  the  band  P  and  the 
region  immediately  outside  the  sharp  edge  of  the  band. 

Results  of  Analysis.  The  curve  in  Figure  10  departs  from 
linearity  at  concentrations  of  phenol  greater  than  about  40%. 
This  departure  is  due  apparently  to  an  unsymmetric  development 
of  background  absorption  and  not  to  the  lack  of  linearity  in  the 
response  of  the  photographic  emulsion  at  the  densities  involved. 
Samples  containing  more  than  40%  of  phenol  can  be  analyzed 
by  following  the  suggestions  given  above. 

A  comparison  is  given  in  Table  II  between  the  percentages  of 
phenol  in  the  synthetic  samples  and  those  read  from  the  working 
curve.  There  is  a  mean  deviation  between  the  two  of  less  than  3%. 

p-Cresol  and  o-cresol  were  determined  in  the  first  four  samples 
taken  in  order  to  check  the  validity  of  the  cresol  working  curves 
in  a  phenol-cresol  system.  The  results  given  in  Table  III  indi¬ 
cate  that  the  phenol  has  not  affected  the  o-  and  p-cresol  bands 
used  in  the  analyses. 

ANALYSIS  OF  SAMPLES  OF  LOW  PHENOL  CONCENTRATION 

A'  working  curve  for  low  concentrations  of  phenol  is  given  in 
Figure  11.  The  strong  band  of  phenol  marked  A  ph  (X  =  2750.3 
A.)  in  Figure  9,  b,  was  used  for  this  curve.  As  a  weak  ortho  band 
falls  at  the  same  wave  length,  a  slight  correction  for  the  percent¬ 
age  of  o-cresol  in  the  sample  must  be  made.  This  correction  was 
determined  from  separate  samples  containing  no  phenol,  but  was 
too  small  to  justify  a  complete  correction  curve  and  can  be  taken 
as  a  density  of  0.03  to  be  subtracted  from  the  phenol  density  dif¬ 
ference  for  concentrations  of  o-cresol  up  to  20%,  0.06  for  con¬ 
centrations  between  20  and  40%,  and  0.09  for  concentrations  be¬ 
tween  40  and  60%.  This  curve  indicates  that  concentrations  of 
phenol  as  low  as  0.3%  in  phenol-cresol  mixtures  can  be  deter¬ 
mined  with  a  reasonable  degree  of  accuracy. 


Figure  1 1 .  Working  Curve  for  Small  Percentages 
of  Phenol  in  Phenol-Cresol  Mixtures 

Based  upon  phenol  band  Ap|_|  of  wave  lenslh  2750  A, 


Table  II.  Percentages  of  Phenol  in  Synthetic  Phenol-Cresol  Mi 
tures  and  Those  Read  from  Working  Curve  of  Figure  10 


Sample 

Synthesis 

Analysis 

% 

% 

2 

4.0 

4 

3 

12.4 

13 

4 

16.4 

19 

5 

23.1 

20 

6 

21.5 

22 

7 

26.5 

31 

8 

41.5 

37 

%  PHENOL 


Figure  10.  Working  Curve  for 
Phenol-Cresol  Mixtures  Based 
upon  Band  P  of  Wave  Length 
2637  A. 

Density  A  and  band  P  are  defined  in 
text 


The  apparatus  for  this  research,  with  the  exception  of  the  hy¬ 
drogen  discharge  tube  and  the  quartz  absorption  cell,  is  avail¬ 
able  in  all  laboratories  that  perform  emission  spectrum  analysis. 
The  authors  believe  that  the  Beckman  quartz  spectrophotometer 
with  compartment  assembly  No.  2510  and  gas  cells  2310-GS-100 
can  be  used  for  this  analysis.  This  instrument  was  not  available 
to  the  authors  at  the  time  this  work  was  carried  out. 


Table  III.  Analyses  of  Four  Arbitrarily  Chosen  Samples  of  Phem 

Cresol  Mixtures 


Sample 

Synthesis 

% 

Analysis 

% 

4 

p-Cresol 

40.1 

40 

o-Cresol 

21.5 

23 

6 

p-Cresol 

21.4 

20 

o-Cresol 

24.3 

22 

7 

p-Cresol 

43.7 

43 

o-Cresol 

15.1 

17 

8 

p-Cresol 

20.7 

21 

o-Cresol 

21.8 

20 
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esiccation,  cone-and-dish,  carbon  tetrachloride  distillation,  and 
arl  Fischer  procedures  for  the  estimation  of  moisture  in  ballistite- 
rpe  powders  have  been  compared.  Desiccation  over  concentrated 
ilfuric  acid  has  been  found  satisfactory  with  respect  to  accuracy  and 
so  the  simplest  and  most  reproducible  of  these  procedures,  but 
nder  certain  conditions  the  other  methods  are  feasible  for  more 
ipid  determinations. 


k  A  OST  solventless  double-base  powder  manufactured  at  the 
VI  present  time  is  a  mixture  of  nitrocellulose  and  nitroglyc- 
rin  to  which  a  few  per  cent  of  stabilizers,  plasticizers,  and  in- 
rganic  salts  have  been  added.  Powders  of  this  type  are  not 
.otably  hygroscopic,  but  finished  samples  in  equilibrium  with 
heir  surroundings  contain  a  few  tenths  of  a  per  cent  of  moisture, 
’recise  control  of  the  concentration  of  this  constituent  is  essen- 
ial  to  ensure  satisfactory  behavior  of  the  finished  powder, 
ieveral  procedures  for  the  estimation  of  moisture  in  smokeless 
lowders  have  been  reported  {2,  3,  4),  many  of  which  are  tedious 
nd  involved  or  are  not  capable  of  the  necessary  accuracy. 
?he  authors  have  selected  the  four  procedures  that  appear  most 
iromising  and  have  compared  them  carefully  with  regard  to  ac- 
uracy,  reproducibility,  and  ease  of  operation,  using  several 
arn pies  of  ballistite-type  powder  containing  approximately  0.2% 
noisture.  The  results  of  these  comparisons  are  presented  below, 
ogether  with  specific  recommendations  based  upon  them. 

EXPERIMENTAL  PROCEDURES 

|  Desiccation  Procedure.  The  desiccation  procedure  for  the 
:stimation  of  moisture  involves  storing  the  powder  sample  in  a 
iesiccator  until  the  weight  is  constant;  the  moisture  content  is 
calculated  from  the  total  loss  in  weight  of  the  sample. 

If  the  powder  sample  was  in  the  form  of  a  sheet,  it  was  cut  into 
pieces  approximately  1  cm.  on  a  side;  if  it  was  in  the  form  of  an 
extruded  grain,  approximately  1.25  cm.  (0.5  inch)  were  cut  from 
the  end  of  the  grain  and  discarded;  successive  slices  1  to  2  mm. 
in  thickness  were  then  cut  from  the  exposed  surface  by  means  of 
a  guillotine-type  cutter.  These  slices  were  finally  cut  into  pieces 
of  convenient  size. 

A  10-gram  sample  of  the  freshly  cut  powder  was  rapidly 
weighed  into  a  large  dry  weighing  bottle  and  placed  in  a  desiccator 
over  concentrated  (96%)  sulfuric  acid.  The  bottle  was  fared 
during  the  weighing  against  another  bottle  of  approximately  the 
same  size,  which  was  then  stored  in  the  desiccator  with  the  sample. 

The  sample  was  reweighed  every  2  or  3  days  until  the  change 
between  two  successive  weighings  was  less  than  1  mg.,  and  the 
percentage  of  moisture  was  calculated  from  the  total  loss  in 
weight  of  the  system. 

Cone-and-Dish  Procedure.  The  cone-and-dish  procedure 
involves  heating  the  sample  to  be  analyzed  in  a  shallow  aluminum 
dish  of  special  design  which  is  covered  with  a  snugly  fitting  glass 
cone  ( 6 ).  The  successful  operation  of  this  method  depends  upon 
the  assumption  that  under  these  conditions  the  moisture  and 
volatile  solvent  in  the  powder  diffuse  out  at  the  base  of  the  cone, 
and  that  any  other  constituents  which  are  volatilized  by  the  heat¬ 
ing  condense  on  the  cooler  inner  surface.  Therefore  the  loss  in 
weight  of  the  entire  system  is  taken  to  represent  the  total  volatile 
content  of  the  powder  which  for  a  solventless  powder  may  be  taken 
to  be  the  moisture  content. 

i  Present  address,  Chemistry  Department,  Columbia  University,  New 
York  27,  N.  Y. 


A  10-gram  sample  of  the  powder  was  prepared  by  the  method 
used  for  the  desiccation  procedure  described  above.  This 
sample  was  weighed  into  a  cone-and-dish  system  of  standard 
design,  which  was  tared  against  another  cone-and-dish.  The 
system  was  placed  for  2  hours  on  a  closed  bath  heated  by  stea.m 
at  atmospheric  pressure  and  was  then  cooled  overnight  in  a  desic¬ 
cator  over  sulfuric  acid  and  reweighed.  The  percentage  of  mois¬ 
ture  was  calculated  from  the  total  loss  in  weight  of  the  system. 

Carbon  Tetrachloride  Distillation  Procedure.  The 
carbon  tetrachloride  distillation  procedure  involves  refluxing  a 
large  sample  of  powder  with  carbon  tetrachloride  and  catching 
the  condensed  vapors  in  a  trap  which  retains  the  water  but  per¬ 
mits  the  carbon  tetrachloride  to  return  to  the  boiling  flask  (/). 

A  100-gram  sample  of  powder  was  weighed  into  a  1-liter  round- 
bottomed  flask  equipped  with  a  standard-taper  joint,  and  400 
ml.  of  carbon  tetrachloride  saturated  with  water  were  added. 

A  moisture  trap  for  retaining  the  water  in  the  condensate  was 
fitted  to  the  flask,  and  a  reflux  condenser  was  mounted  on  top  of 
the  trap.  The  flask  was  immersed  in  a  graphite  bath  which  was 
heated  with  a  500-watt  electrical  heater,  and  the  carbon  tetra¬ 
chloride  was  refluxed  until  the  amount  of  water  in  the  tube  of 
the  moisture  trap  did  not  appear  to  be  changing  with  time.  Two 
to  4  hours  were  found  to  be  a  satisfactory  time  of  refluxing. 
At  the  end  of  the  run  the  heater  was  shut  off  and  the  volume  of 
condensed  water  was  read  as  the  difference  between  the  top  of 
the  lower  meniscus  and  the  top  of  the  upper  meniscus. 

A  blank  determination  was  made  in  which  0.20  ml.  of  water 
was  measured  into  400  ml.  of  carbon  tetrachloride  saturated 
with  water,  and  the  mixture  was  refluxed.  The  percentage  of 
water  found  in  the  powder  was  corrected  for  the  small  discrep¬ 
ancy  between  the  amounts  of  water  taken  and  detected  in  this 
blank  determination. 

Karl  Fischer  Procedure.  The  Karl  Fischer  reagent  is  a 
solution  of  iodine  and  sulfur  dioxide  in  pyridine  and  methanol. 
This  reagent  combines  with  water  stoichiometrically  (7),  and 
the  end  point  can  be  determined  either  visually  or  by  the  “dead- 
stop”  conductometric  method  of  Foulk  and  Bawden  (5). 

The  grain  of  powder  to  be  analyzed  was  cut  into  slices  approxi¬ 
mately  1  mm.  thick,  and  the  slices  were  then  cut  into  small 
pieces.  The  entire  preparation  of  the  sample  was  carried  out  as 
rapidly  as  possible,  and  the  powder  was  added  to  the  solvent  in 
the  titration  flask  within  15  to  20  minutes  after  the  first  cut  had 

been  made  on  the  grain.  _  .  ,,  , 

A  60-ml.  portion  of  freshly  mixed  1  to  1  ether-methanol  or 
1  to  1  pyridine-ethyl  acetate  was  placed  in  a  titration  flask,  and 
10  ml  of  Karl  Fischer  reagent  were  added.  The  mixture  was 
stirred  for  one  minute,  and  more  Karl  Fischer  reagent  was  added 
if  it  was  not  still  in  excess.  The  solution  was  finally  titrated  con¬ 
ductometrically  to  the  anhydrous  point  with  a  standard  solution 
of  water  in  methanol,  the  flask  was  disconnected  from  the  appara¬ 
tus,  and  the  5-gram  sample  of  cut  powder  was  added.  The  mix- 
ture  was  stirred  for  a  predetermined  period  of  from  30  tc>  bO 
minutes,  a  measured  excess  of  Karl  Fischer  reagent  was  added, 
and  after  one  minute  of  stirring  it  was  back-titrated  with  the 
standard  solution  of  water  in  methanol.  It  was  found  to  be  im¬ 
portant  to  add  enough  Karl  Fischer  reagent  so  that  no  less  than 
3  ml  of  water-methanol  were  required  for  the  back-titration. 

A  blank  determination  was  made  each  day.  During  this  de¬ 
termination  the  flask  was  opened  to  the  atmosphere  for  10  seconds 
at  the  time  the  powder  sample  would  ordinarily  be  added. 

EXPERIMENTAL  RESULTS 

Several  samples  of  a  sheet  ballistite  (Radford  lot  JP  198)  were 
analyzed  for  moisture  by  the  desiccation,  cone-and-dish,  and 
carbon  tetrachloride  procedures;  the  results  of  the  analyses  are 
presented  in  Tables  I  to  III  and  summarized  in  Table  IV. 
The  data  illustrate  the  precision  to  be  expected  from  the  various 
procedures  and  the  absolute  agreement  between  them. 
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Table  I. 


Run  No. 

1 

2 

3 

4 

5 

6 


Estimation  of  Moisture  in  JP  198  by  Desiccation  over 
Sulfuric  Acid 


Percentage  Moisture  Detected  after  Desiccation  for 


48  hours 

0.208 

0.205 

0.207 

0.193 

0.194 

0.185 


132  hours 

0.217 

0.210 

0.214 

0.201 

0.205 

0.201 


180  hours 

0.218 

0.212 

0.216 

0.201 

0.204 

0.201 


Av.  0.209 


Table  II.  Estimation  of  Moisture  in  JP  198  by  Cone-and-Dish 

Procedure 


Run  No. 

1 

2 

3 

4 

5 

6 


Percentage  Moisture  Detected  after 


2-hour  heating  plus 
0. 5-hour  desiccation 

0.147 

0.158 

0.158 

0.164 

0.168 

0.176 


2-hour  heating  plus 
overnight  desiccation 

0.178 
0.196 
0.205 
0.221 
0.200 
0.197 
Av.  0.200 


An  extruded  grain  of  ballistite  (Radford  lot  JP  214)  was  ana¬ 
lyzed  for  moisture  by  the  desiccation  and  Karl  Fischer  procedures 
described  above,  and  the  results  are  compared  in  Table  V. 

The  analyses  presented  in  Tables  I  to  V  illustrate  the  relative 
amounts  of  water  detected  in  representative  powders  by  the  vari¬ 
ous  procedures,  but  they  do  not  provide  information  as  to  the 
absolute  accuracy  of  the  procedures.  In  order  to  secure  this  in¬ 
formation  several  samples  of  powder  cut  from  a  grain  of  ballistite 
(Radford  lot  JP  214)  were  desiccated  to  constant  weight,  and 
some  of  the  desiccated  samples  were  analyzed  by  various  proce¬ 
dures.  The  other  desiccated  samples  were  stored  in  humidifiers 
over  solutions  of  glycerol  and  water  until  they  were  again  con¬ 
stant  in  weight.  These  rehumidified  samples  were  then  analyzed 
for  moisture.  The  results  of  all  these  experiments  are  presented 
in  Table  VI. 


CRITIQUE  OF  METHODS 

Desiccation  Procedure.  The  desiccation  procedure  is  the 
most  reproducible  of  all  of  those  studied.  Although  at  least  4 
days  are  required  for  the  estimation  of  moisture  in  a  sample  of 
powder  by  desiccation,  the  time  per  analysis  which  is  required  of 
the  analyst  is  less  than,  that  required  for  any  of  the  other  proce¬ 
dures  which  were  studied. 

The  results  of  experiments  presented  in  Table  VI,  in  which 
samples  of  desiccated  powder  were  analyzed  for  moisture  by 
titration  with  Karl  Fischer  reagent,  indicate  that  the  water  not 
removed  by  desiccation  amounts  to  no  more  than  0.02%  of  the 
powder.  Since  the  Karl  Fischer  procedure  involves  complete 
solution  of  the  powder  prior  to  titration,  and  since  the  Karl 
Fischer  and  desiccation  procedures  give  comparable  results  in 
analyses  of  powders  containing  significant  amounts  of  moisture,  it 
appears  very  unlikely  that  the  water  remaining  in  powder  after 
desiccation  is  more  than  the  0.02%  indicated  by  these  experi¬ 
ments. 

The  experiments  presented  in  Table  VI  indicate  that  the  loss  in 
weight  on  redesiccation  of  a  rehumidified  sample  is  equal  to  but 
not  greater  than  the  gain  in  weight  on  rehumidification  of  the 
sample  after  the  first  desiccation.  Since  the  gain  in  weight  on  re¬ 
humidification  can  scarcely  be  due  to  any  material  except  water, 
the  experiments  indicate  that  no  constituents  of  the  powder  ex¬ 
cept  water  are  removed  by  desiccation.  In  order  to  test  this 
conclusion,  the  acid  from  a  desiccator  which  had  been  used  in 
these  experiments  was  tested  for  nitroglycerin  and  diphenylamine, 
but  there  was  no  indication  of  either  substance.  Therefore  the 
quantities  of  these  constituents  lost  during  desiccation  could  not 


Table  III.  Estimation  of  Moisture  in  JP  198  by  Carbon 
Tetrachloride  Distillation 


Run  No. 

1 

2 


Percentage  Moisture  Detected0 

0.22 

0.25 


_  , - auueu  to  volume  ot  water  observed  hefr 

°f  mo’®tuV  .fas  calculated.  The  value  of  this  correction  u 
no  powder0m  *  b  a“k  deternunatlon  with  a  known  amount  of  water  a 


Table  V.  Estimation  of  Moisture  in  JP  198 


Procedure 

Desiccation 
Cone-and-dish 
CC14  distillation 


Weight  of 

No.  of 

Average 

Maximum 

Deviation 

Mean 

Deviation 

Sample, 

Determi¬ 

%  Water 

from 

from 

Grams 

nations 

Detected 

Average 

Average 

10 

6 

0.209 

0.009 

0.007 

10 

6 

0.200 

0.022 

0.009 

100 

2 

0.235 

0.015 

0.015 

Table  V. 

Estimation  by 
Desiccation 
Run  Percentage 
No.  moisture 

1  0.274 

2  0.267 

3  0.260 

4  0.262 

5  0.286 

6  0.283 

Av.  0.272 


Estimation  of  Moisture  in  JP  214 


Estimation  by  Karl  Fischer  Procedure 
No?  Percental 


Solvent 


moisture 


1 

2 

3 

4 

5 

6 
7 


Ether-methanol  0  29 

0.29 
0.27 
0.28 
0  29 

Pyridine-ethyl  acetate  0  29 

0.29 
Av.  0.29 


Table  VI.  Estimation  of  Moisture  in  JP  214  after  Desiccation  an. 
Rehumidification 


Description 

Approximate 
%  Relative 
Humidity  of 

#  %  Gain 
in  Weight 
on  Rehu¬ 

of  Sample 

Humidifier 

midification 

Desiccated 

Rehumidified 

0 

25 

0.206 

Rehumidified 

50 

0.324 

Rehumidified 

75 

0.498 

Redesiccated 

0 

Percentage  Moisture 


Redesic- 

Cone-and- 

Karl 

cation 

dish 

Fischer 

O’.  218 

0.079 

0.020 

0.234 

0.235 

0.319 

0.317 

0.342 

0.494 

0.480 

0.496 

0.010 

have  amounted  to  more  than  a  few  hundredths  of  a  per  cent  of  the 
powder. 

All  the  results  indicate  that  the  desiccation  procedure  for  the 
estimation  of  moisture  in  ballistite  is  simple,  accurate,  and  repro¬ 
ducible;  its  only  disadvantage  is  the  length  of  time,  4  days,  re¬ 
quired  to  complete  an  analysis. 

Cone-and-Dish  Procedure.  The  average  of  six  analyses 
of  JP  198  by  the  cone-and-dish  procedure  is  in  good  agreement 
with  the  result  of  six  analyses  of  the  same  powder  by  desiccation, 
but  the  individual  determinations  by  the  cone-and-dish  procedure 
are  scattered  over  a  wider  range.  The  data  in  Table  VI  suggest 
that  this  procedure  gives  results  which  are  somewhat  high  for 
samples  containing  very  little  moisture  and  low  for  samples  con¬ 
taining  more  than  0.4%  of  moisture;  therefore,  it  is  probable  that 
the  success  of  the  procedure  for  the  analysis  of  ballistites  contain¬ 
ing  0.2  to  0.4%  of  moisture  is  due  to  a  balance  between  incomplete 
removal  of  water  and  loss  through  volatilization  of  other  constitu¬ 
ents  of  the  powder.  The  procedure  can  be  recommended  only 
for  the  rapid  but  not  highly  precise  analysis  of  powder  samples 
containing  normal  amounts  of  moisture. 

Carbon  Tetrachloride  Distillation  Procedure.  The 
carbon  tetrachloride  distillation  procedure  yields  results  rapidly, 
and  errors  due  to  sampling  are  undoubtedly  diminished  by  the 
use  of  a  100-gram  sample  of  powder.  However,  the  results  are 
precise  to  only  about  0.03%  of  the  powder,  and  the  absolute  ac¬ 
curacy  of  the  procedure  may  be  somewhat  less  because  of  the  un¬ 
certainties  associated  with  the  correction  to  be  applied  to  the 
volume  of  water  which  is  measured.  This  procedure  is  suited 
for  control  work  in  which  an  accuracy  of  0.05%  is  satisfactory. 
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Karl  Fischer  Procedure.  The  results  of  the  first  analyses 
of  powders  by  means  of  Karl  Fischer  reagent  scattered  over  a 
wide  range  and  indicated  considerably  more  moisture  than  was 
detected  by  the  desiccation  procedure.  The  data  in  Tables  V 
and  VI  indicate  that  the  moisture  detected  by  the  Karl  Fischer 
procedure  as  finally  adopted  is  no  more  than  0.02%  more  than 
that  detected  by  desiccation,  and  the  results  are  not  sufficiently 
precise  to  determine  whether  there  is  a  significant  difference  be¬ 
tween  the  percentages  of  moisture  detected  by  the  two  procedures. 
Apparently  the  Karl  Fischer  procedure  is  capable  of  rapid  and  ac¬ 
curate  estimation  of  moisture  in  smokeless  powder;  however, 
t  requires  the  use  of  complicated  apparatus  and  the  exercise  of 
special  precautions  in  order  to  obtain  satisfactory  results. 
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Bromination  of  Phenols  and  Phenol  Alcohols 

I.  W.  RUDERMAN1,  Panelyte  Division,  St.  Regis  Paper  Company,  Trenton,  N.  J. 


A  number  of  phenols  and  phenol  alcohols  were  brominated  with 
excess  acid  bromide-bromate  solution  at  25°.  For  each  compound 
the  number  of  positions  which  brominate  is  plotted  as  a  function 
of  the  bromine  excess.  The  effect  of  acid  concentration,  bromina¬ 
tion  time,  and  temperature  on  the  extent  of  bromination  is  described. 

LTHOUGH  the  quantitative  bromination  of  phenols  by 
acid  bromide-bromate  solution,  first  described  by  Koppe- 
schaar  (11)  in  1876,  has  been  the  subject  of  numerous  investiga¬ 
tions,  there  is  much  about  this  reaction  that  is  still  not  clear. 
The  method  is  based  upon  the  general  assumption  that  aqueous 
nascent  bromine  will  replace  quantitatively  only  those  hydrogen 
atoms  ortho  or  para  to  the  hydroxyl  group  of  phenols.  It  has 
been  found,  however,  that  the  presence  of  certain  groups  other 
than  hydrogen  in  the  ortho  or  para  positions  gives  rise  to  anoma¬ 
lous  results. 

Numerous  experiments  by  Allen  (1)  and  others  proved  that 
salicylic  acid  brominates  with  the  splitting  off  of  the  carboxy 
group  and  the  formation  of  carbon  dioxide  and  tribromophenol. 
The  bromination  of  sulfanilic  acid  was  studied  by  Callan  and 
Henderson  (3)  who,  in  agreement  with  previous  investigators, 
found  that  the  sulfo  group  is  eliminated  and  tribromoaniline  is 
formed.  Francis  and  Hill  ( 9 )  established  that  the  formyl  group 
in  o-  and  p-hydroxybenzaldehyde  is  displaced  during  bromina¬ 
tion  with  the  evolution  of  carbon  monoxide  and  the  formation  of 
tribromophenol.  Francis  (7)  found  that  when  saligenin  is  bromi¬ 
nated  the  hydroxymethyl  group  is  displaced  and  formaldehyde 
jis  produced.  The  displacement  of  the  COOH,  HS03,  CHO,  and 
CH2OH  groups  in  the  phenols  studied  by  the  above  .investigators 
jcould  be  made  quantitative,  or  could  be  completely  inhibited,  de¬ 
pending  upon  the  bromination  conditions. 

There  is  considerable  disagreement  in  the  literature  on  the 
'accuracy  with  which  alkylated  phenols  can  be  determined  by 
bromination.  Thus,  Fox  and  Barker  (6)  using  the  bromide- 
bromate  method  observed  that  phenol  and  m-cresol  absorb 
exactly  3  moles  of  bromine,  but  that  o-  and  p-cresol  absorb  some¬ 
what  more  than  2  moles  of  bromine.  Day  and  Taggart  (J) 
likewise  found  Koppeschaar’s  method  unsatisfactory  for  the 
determination  of  o-  and  p-eresol,  although  phenol,  m-cresol,  /3- 
naphthol,  thymol,  resorcinol,  several  nitrophenols,  p-chlorophenol, 
salicylic  acid,  m-hydroxybenzoic  acid,  and  a  number  of  salicyl¬ 
ates  gave  good  results.  In  a  recent  study  of  the  bromide-bro- 

1  Present  address,  Department  of  Chemistry,  Columbia  University,  New 
York;  N.  Y. 


While  some  alkylated  phenols  brominate  quantitatively  regardless 
of  the  bromine  excess  used,  other  alkylated  phenols  overbrominate 
to  an  extent  which  varies  with  the  magnitude  of  the  bromine  excess. 
The  hydroxymethyl  groups  of  phenol  alcohols  differ  widely  in  the 
ease  with  which  they  are  displaced  by  bromine. 

mate  method,  Sprung  (17)  found  that  phenols  which  contain  sub¬ 
stituents  in  the  meta  position,  or  phenols  which  contain  secondary 
or  tertiary  alkyl  groups  in  the  ortho  or  para  positions,  brominate 
quantitatively.  However,  phenols  which  contain  primary  alkyl 
groups  in  the  ortho  or  para  positions  give  results  which  may  be 
10  to  150%  high.  Francis  and  Hill  (8)  contend  that  the  over- 
bromination  of  cresols  and  xylenols  observed  by  Sprung  does  not 
occur  if  only  a  slight  excess  of  bromine  is  used,  and  if  the  bromina¬ 
tion  time  is  very  short. 

It  was  the  purpose  of  the  investigation  reported  here  to  study 
further  Koppeschaar’s  bromination  method  with  the  aim  of 
applying  it  to  the  measurement  of  the  rates  of  condensation  of 
phenols  with  formaldehyde.  For  this  application  it  is  necessary 
to  know  accurately  how  phenols  containing  alkyl,  hydroxymethyl, 
and  methylene  groups  brominate.  Since  no  information  about 
t  he  quantitative  bromination  of  phenol  alcohols,  other  than  sali¬ 
genin,  could  be  found  in  the  literature,  a  number  of  phenol  al¬ 
cohols  were  prepared  and  brominated.  The  related  phenols,  as 
well  as  o-cresol,  m-cresol,  and  three  isomeric  dihydroxydiphenyl- 
methanes  were  likewise  brominated  to  ascertain  the  accuracy 
with  which  they  could  be  determined.  The  effect  of  the  magni¬ 
tude  of  the  bromine  excess  on  the  extent  of  bromination  of  each 
phenol  and  phenol  alcohol  was  studied  in  detail.  The  effects  of 
acid  concentration,  bromination  time,  and  temperature  were  also 
investigated  in  the  cases  of  p-cresol  and  2-hydroxy-<x1,a3-mesity- 
lenediol. 

SOLUTIONS  AND  REAGENTS 

Sodium  Thiosulfate,  0.1  N. 

Bromide-Bromate  Solution,  0.1  N.  Potassium  bromate  (5.6 
grams)  and  potassium  bromide  (30  grams)  dissolved  in  distilled 
water  and  made  up  to  2  liters. 

Hydrochloric  Acid.  Concentrated  acid,  specific  gravity  1.19. 

Potassium  Iodide,  10%  aqueous  solution. 

Starch  Solution,  1%  aqueous  solution. 

Phenol,  c.p.  grade  phenol  redistilled  three  times;  melting 
point  40°  C. 

Saligenin.  Prepared  by  the  reduction  of  o-hydroxybenzalde- 
hyde  with  sodium  amalgam  according  to  the  procedure  of  Lap- 
worth  and  Schoesmith  (12).  .Recrystallized  four  times  from 
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benzene  and  three  times  from  car-  ■ — — — — — — — — - — __ ___ 

bo^tetrachloride;  melting  point  T.bl,  I.  Bromin.ti.n  of  Some  Pk,„ol,  .„d  Ph,„0|  Alcohol. 


p-Hydroxybenzyl  Alcohol.  Ob¬ 
tained  from  phenol-formaldehyde 
resins  by  sublimation  (16).  Puri¬ 
fied  by  fractional  crystallization 
from  benzene  and  several  re¬ 
crystallizations  from  water;  melting 
point  121°. 

o-Cresol.  Pure  o-cresol  from  The 
Barrett  Division  redistilled  three 
times;  melting  point  31  °. 

m-Cresol.  Practical  grade  ma¬ 
terial  from  the  Eastman  Kodak 
Company  purified  by  the  method 
of  Fox  and  Barker  (5);  melting 
point  10°. 

p-Cresol.  p-Cresol  (99  to  100%) 
from  The  Barrett  Division  puri¬ 
fied  by  the  method  of  Fox  and 
Barker  (5);  me  .ting  point  33°. 

2-Hydroxy-a1,a3-mesitylenediol. 
Prepared  from  p-cresol  and  form¬ 
aldehyde  according  to  Auwers  (2) 
and  Ullmann  and  Brittner  (19). 
Recrystallized  once  from  ethyl  ace¬ 
tate  and  once  from  benzene;  melt¬ 
ing  point  128°. 

p-Ethylphenol.  A  sample  from 
■the  Reilly  Tar  &  Chemical  Corp. 
jredistilled  once;  melting  point 
43°. 


5-Et.hyl-2-hydroxy  -  a1,  az  -xylene- 
«diol.  Prepared  from  p-ethylphenol 
and  formaldehyde  (18).  RecryB- 
Tallized  once  from  benzene;  melt¬ 
ing  point  84°. 

p-Isopropylphenol.  A  sample 
from  Sharpies  Chemicals,  Inc.,  re¬ 
crystallized  twice  from  petroleum 
ether ;  melting  point  60  °. 

2-Hydroxy-5-isopropyl  -  a1,  a3  -  xy- 
lenediol.  Prepared  from  p-iso- 
propylphenol  and  formaldehyde 
(18).  Recrystallized  once  from 
benzene;  melting  point  125°. 

p-Cyclohexylphenol.  A  com¬ 
mercial  sample  from  The  Dow 
Chemical  Company  recrystallized 
once  from  heptane;  melting  point 
130°. 

5  -  Cyclohexyl  -  2-hydroxy- a1, a*- 
xylenediol.  Prepared  from  p-cyclo- 
hexylphenol  and  formaldehyde  (20). 
Recrystallized  once  from  benzene; 
melting  point  107°. 

p-(l,l,3,3-Tetrame;thylbutyl)- 
phenol.  A  commercial  sample  from 
The  Resinous  Products  &  Chemical 
Company  recrystallized  once  from 
petroleum  ether;  melting  point 
84°. 


2  -  Hydroxy  -  5  -  (1,1, 3, 3  -  tetra- 
methylbutyl)-al,a3-xylenediol.  Pre¬ 
pared  from  p-(l,l,3,3-tetramethyl- 
butyl)-phenol  and  formaldehyde 
(14).  Recrystallized  three  times 
from  petroleum  ether;  melting 
point  71  °. 

4-Chloro-m-cresol.  A  commercial 
sample  from  The  Barrett  Division 
recrystallized  once  from  petroleum 
ether;  melting  point  64°. 

6  -  Chloro  -  3-hydroxy-a*,a4-pseu- 
documenediol.  Prepared  from  4- 
chloro-m-cresol  and  formaldehyde 
(18).  Recrystallized  twice  from 
1,2-dichloroethane;  melting  point 
131°. 


2,2 '  -  Dihydroxydiphenylmethane. 
A  pure  sample  furnished  by 
Givaudan-Dela  wanna,  Inc.;  melt¬ 
ing  point  118*. 

2,4'-  Dihydroxydiphenylmethane. 
Isolated  from  an  acid-catalyzed 


Phenol 


Phenol 


Saligenin 


p- Hydroxy  benzyl  alcohol 


o-Cresol 


m-Cresol 


p-Cresol 


p-Ethylphenol 


p-Isopropylphenol 


p-Cyclohexylphenol 


p-(l,l,3,3-Tetramethyl- 

butyl)-phenol 


4-Chloro-m-eresol 


2- Hy  dro  xy-a 1 ,  at  *■ 
mesitylenedrol 


5-Ethyl-2-hydroxy- 

<z1,a3-xylenediol 


Acidity,  0.75  N 
Temperature,  25°  C. 

Time  exposed  to  bromine,  5  minutes 


Concen¬ 
tration  of 


Phenol 

NajSsOj 

Solution 

Br  Added 

Required 

G./l. 

Milli- 

Milli- 

equivalents 

equivalents 

1.507 

2.496 

0.088 

1.507 

2.504 

0.098 

0.9490 

1.702 

0.188 

0.9490 

1.922 

0.406 

0.9490 

2.338 

0.817 

1.047 

1.244 

0.013 

1.047 

1.282 

0.043 

1.047 

1.322 

0.082 

1.047 

1.540 

0.282 

1.047 

1.736 

0.473 

1.047 

1.933 

0.653 

1.047 

2.031 

0.754 

1.004 

1.195 

0.038 

1.004 

1.262 

0.099 

1.004 

1.793 

0.587 

1.004 

2.340 

1.119 

1.669 

1.766 

0.156 

1.669 

1.803 

0.184 

0.8251 

0.965 

0.133 

0.8251 

1.284 

0.308 

0.8251 

1.440 

0.408 

0.8251 

1.682 

0.601 

0.8251 

2.008 

0.883 

0.8251 

2.380 

1.252 

0 . 5902 

0.837 

0.029 

1.146 

1.664 

0.100 

1.002 

1.461 

0.090 

0.5902 

0.977 

0.172 

1.002 

1.717 

0.344 

1.146 

2.067 

0.479 

0 . 5902 

1.124 

0.302 

1.146 

2.287 

0.693 

1.002 

2.068 

0.670 

1.146 

2.581 

0.974 

0.5902 

1.315 

0.506 

0 . 5902 

1.407 

0.592 

0.5902 

1.487 

0.666 

1.050 

1.033 

0.068 

0.9364 

0.941 

0.076 

1.050 

1.361 

0.281 

1.050 

1.566 

0.460 

0.9364 

1.569 

0.585 

1.050 

2.000 

0.899 

1.052 

0.796 

0.063 

1.052 

0.931 

0.129 

1.052 

1.119 

0.248 

1.052 

1.527 

0.586 

1.052 

2.039 

1.066 

1.337 

0.915 

0.069 

1.337 

1.152 

0.205 

1.337 

1.322 

0.307 

1.337 

1.524 

0.470 

1.337 

1.910 

0.734 

2.142 

1.248 

0.038 

2.142 

1.369 

0.153 

2.142 

1.453 

0.242 

2.142 

1.560 

0.322 

2.142 

1.867 

0.680 

3.764 

1.890 

0.064 

4.025 

2.139 

0.195 

4.025 

2.209 

0.267 

4.025 

2.204 

0.265 

3.764 

2.267 

0.456 

3.764 

2.498 

0.673 

2.101 

1.526 

0.051 

1.438 

1.042 

0.046 

2.101 

1.666 

0.188 

2.101 

1.763 

0.273 

1.438 

1.237 

0.242 

2.101 

1.864 

0.369 

2.101 

1.920 

0.427 

2.101 

2.009 

0.524 

1.438 

1.379 

0.382 

1.438 

1.501 

0.487 

1.438 

1.641 

0  639 

1.438 

1.761 

0.751 

3.027 

1.210 

0.053 

2.718 

1.064 

0.051 

2.687 

1.180 

0.124 

3.027 

1.480 

0.254 

2.718 

1.373 

0.291 

2.687 

1.407 

0.335 

2.687 

1.523 

0.445 

2.718 

1.636 

0.522 

3.024 

1.976 

0.694 

2.718 

1.941 

0.781 

1.683 

0.778 

0.034 

1.683 

0.908 

0.117 

1.683 

1.055 

0.237 

1.683 

1.218 

0.385 

1.683 

1.683 

0.836 

No.  of 


Net  Br 

Residual 

Reactive 

Position* 

Absorbed 

Br  Excess 

Found 

Milli- 

%  Br 

equivalents 

absorbed 

2.407 

3.66 

3.01 

2.406 

4.07 

3.01 

1.514 

12.4 

3.00 

1.516 

26.8 

3.01 

1.521 

53.7 

3.02 

1.231 

1.06 

2.92 

1.239 

3.47 

2.94 

1.240 

6.61 

2.94 

1.258 

22.4 

2.98 

1.263 

37.5 

2.99 

1.280 

51.0 

3.03 

1.277 

59.0 

3.03 

1.157 

3.28 

2.86 

1.163 

8.51 

2.88 

1.206 

48.7 

2.98 

1.221 

91.6 

3.02 

1.610 

9.69 

2.09 

1.619 

11.4 

2.10 

0.832 

16.0 

2.18 

0.976 

31.6 

2.56 

1.032 

39.5 

2.70 

1.081 

55.6 

2.83 

1.125 

78.5 

2.95 

1.128 

111 

2.96 

0.808 

3.59 

2.96 

1.564 

6.39 

2.95 

1.371 

6.56 

2.96 

0.805 

21.4 

2.95 

1.373  . 

25.1 

2.96 

1.588 

30.2 

3.00 

0.822 

36.7 

3.01 

1.594 

43.5 

3.01 

1.398 

47.9 

3.02 

1.607 

60.6 

3.03 

0.809 

62.5 

2.96 

0.815 

72.6 

2.99 

0.821 

81.1 

3.01 

0.965 

7.05 

1.99 

0.865 

8.79 

2.00 

1.080 

26.0 

2.22 

1.106 

41.6 

2.28 

0.984 

59.5 

2.27 

1.101 

81.7 

2.27 

0.733 

8.59 

1.70 

0.802 

16.1 

1.86 

0.871 

28.5 

2.02 

0.941 

62.3 

2.19 

0.973 

110 

2.26 

0.846 

8.16 

1.72 

0.947 

21.6 

1.93 

1.015 

30.2 

2.07 

1.054 

44.6 

2.15 

1.176 

62.4 

2.40 

1.210 

3.14 

1.99 

1.216 

12.6 

2.00 

1.211 

20.0 

1.99 

1.238 

26.0 

2.04 

1.187 

57.3 

1.95 

1.826 

3.50 

2.00 

1.944 

10.0 

1.99 

1.942 

13.7 

1.99 

1.939 

13.7 

1.99 

1.811 

25.2 

1.99 

1.825 

36.9 

2.00 

1.475 

3.46 

2.00 

0.996 

4.62 

1.98 

1.478 

12.7 

2.01 

1.490 

18.3 

2.02 

0.995 

24.3 

1.97 

1.495 

24.7 

2.03 

1.493 

28.6 

2.03 

1.485 

35.3 

2.02 

0.997 

38.3 

1.98 

1.014 

48.0 

2.01 

1.002 

63.8 

1.99 

1.010 

74.4 

2.00 

1.157 

4.58 

1.29 

1.013 

5.03 

1.25 

1.056 

11.7 

1.32 

1.226 

20.7 

1.36 

1.082 

26.9 

1.34 

1.072 

31.3 

1.34 

1.078 

41.3 

1.35 

1.114 

46.9 

1.38 

1.282 

54.1 

1.43 

1.160 

67.3 

1.44 

0.744 

4.57 

1.61 

0.791 

14.8 

1.71 

0.818 

29.0 

1.77 

0.833 

46.2 

1.80 

0.847 

98.7 

1.83 
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Phenol 


lHydroxy-5-isopropyl- 

a'.o^-xylenediol 


iCyclohexyl-2-hydroxy- 
I  a'.a^-xylenediol 


■Hydroxy-5-(l,  1,3,3- 
Itetramethylbutyl)- 
a>,a3-xylenediol 


I  [Chloro-3-hydroxy- 
,  a2,a<-pseudocumene- 
I  diol 


2'-Dihydroxydiphenyl- 

methane 


4'-Dihydroxydiphenyl- 
;  methane 
[ 


,4'-Dihydroxydiphenyl- 
■I  methane 


Table  I  (Continued). 


Concen¬ 
tration  of 
Phenol 

NasSsO, 

Net  Br 

Residual 

No.  of 
Reactive 
Positions 

Solution 

Br  Added 

Required 

Absorbed 

Br  Excess 

Found 

G./l. 

Milli- 

equivalents 

Milli- 

equivalents 

Milli - 
equivalents 

%  Br 
absorbed 

2.020 

0.836 

0.051 

0.785 

6.50 

1.53 

2.020 

0.990 

0.132 

0.858 

15.4 

1.67 

2.020 

1.199 

0.338 

0.861 

39.3 

1.67 

2.020 

1.382 

0.604 

0.878 

57.4 

1.71 

2.020 

•  1.549 

0.655 

0.894 

73.3 

1.74 

2.610 

0  797 

0.093 

0.704 

13.2 

1.28 

2.610 

0.930 

0.146 

0.784 

18.6 

1.42 

2.610 

1.010 

0.205 

0.805 

25.5 

1.46 

2.610 

1.082 

0.283 

0.799 

35.4 

1.45 

2.610 

1.295 

0.448 

0.847 

52.9 

1.53 

2.610 

1.460 

0.626 

0.834 

75.1 

1.51 

3.708 

1.295 

0.082 

1.213 

6.76 

1.74 

3.284 

1.239 

0.113 

1.126 

10.0 

1.83 

3.708 

1.416 

0.162 

1.254 

12.9 

1.80 

3.284 

1.358 

0.202 

1.156 

17.5 

1.88 

3.708 

1.524 

0.249 

1.275 

19.5 

1.83 

3.284 

1.534 

0.346 

1.188 

29.1 

1.93 

3.284 

1.663 

0.477 

1.186 

40.2 

1.92 

3.708 

1.938 

0.573 

1.365 

42.0 

1.96 

3  284 

1.881 

0.671 

1.210 

55.5 

1.96 

3.284 

2.114 

0.899 

1.215 

74.0 

1.97 

3.017 

1.471 

0.051 

1.420 

3.59 

1.91 

3.017 

1.450 

0.053 

1.397 

3.79 

1.88 

3.017 

1.610 

0.162 

1.448 

11.2 

1.95 

3  017 

1.717 

0.267 

1.450 

18.4 

1.95 

3.017 

1.894 

0.434 

1.460 

29.7 

1.96 

3.017 

2.081 

0.598 

1.483 

40.3 

1.99 

3  017 

2.293 

0.817 

1.476 

55.4 

1.98 

3.017 

2.532 

1.044 

1.488 

70.2 

2.00 

1.362 

1.048 

0.029 

1.019 

2.85 

3.00 

1.362 

1.224 

0.177 

1.047 

16.9 

3.08 

1.362 

1.341 

0.287 

1.054 

27.2 

3.10 

1.362 

1.742 

0.652 

1.090 

59.8 

3.20 

1.403 

1.323 

0.027 

1.296 

2.08 

3.70 

1.403 

1.514 

0.162 

1.352 

12.0 

3.86 

1.403 

1.784 

0.424 

1.360 

31.2 

3.88 

1.403 

2.037 

0.666 

1.371 

48.6 

3.91 

1.403 

2.269 

0.878 

1.391 

63.1 

3.97 

1.297 

1.349 

0.065 

1.284 

5.06 

3.96 

1.297 

1.524 

0.226 

1.298 

17.4 

4.01 

1.297 

1.786 

0.466 

1.320 

35.3 

4.08 

1.297 

2.027 

0.688 

1.339 

51.4 

4.13 

1.297 

2.525 

1.154 

1.371 

84.2 

4.23 

phenol-formaldehyde  resin  by  vacuum 
distillation  according  to  Koebner  (10). 
Recrystallized  twice  from  water; 
melting  point  118°. 

4, 4  '-Dihy  droxy  dipheny  1  m  e  t  h  a  n  e . 
A  pure  sample  supplied  by  Givaudan- 
Delawanna,  Inc.;  melting  point 
162°. 

PROCEDURE 

Koppeschaar’s  -method  (11)  as 
modified  by  Redman,  Weith,  and 
Brock  (15)  was  essentially  the 
method  used.  An  accurately  weighed 
quantity  of  the  phenol  was  dis¬ 
solved  in  distilled  water  containing 
sufficient  sodium  hydroxide  (about 
1  gram)  to  effect  solution,  and  the 
solution  was  made  up  to  1  liter.  A 
25-ml.  aliquot  of  the  phenol  solu¬ 
tion  was  transferred  to  a  250-ml. 
glass-stoppered  iodine  flask,  to  which 
were  added  25  ml.  (or  more  as 
indicated  below)  of  water  and  5 
ml.  of  concentrated  hydrochloric  acid. 
Enough  bromide-bromate  solution 
was  then  run  in  from  a  buret  to 
give  the  desired  bromine  excess.  The 
flask  was  quickly  stoppered  and 
shaken  intermittently  for  5  minutes. 
Ten  milliliters  of  potassium  iodide 
solution  were  then  added  to  the 
flask,  care  being  taken  to  avoid 
loss  of  bromine  while  the  stopper 
was  being  lifted.  The  stopper  was 
replaced  and  the  solution  again 
shaken  intermittently  for  5  minutes. 
The  stopper  and  sides  of  the  flask 
were  washed  down  with  water,  and 
the  solution  was  titrated  with  sodium 
thiosulfate,  using  starch  solution  as 
the  indicator.  A  blank  was  run  on 
25  ml.  of  distilled  water.  All  the 
brominations  were  carried  out  at 
a  temperature  of  25°  except  where 
otherwise  indicated.  The  acidity 
of  the  mixture  in  the  iodine  flask 


Figure  t.  Bromination  of  Phenol,  Saligenin,  and 
p-Hydroxybenzyl  Alcohol 

Acidity,  0.75  N 
Temperature,  25*  C. 

Time  exposed  to  bromine,  5  minutes 


after  the  addition  of  the  bromide-bromate  solution  was 
maintained  between  0.7  and  0.8  N  by  keeping  the  sum  of  the 
bromide-bromate  solution  and  diluent  water  added  at  about  50 
ml.  Thus,  when  it  was  planned  to  add  only  15  ml.  of  bromide- 
bromate  solution  to  obtain  the  desired  bromine  excess,  35  instead 
of  25  ml.  of  water  were  added. 

Aqueous  solutions  of  p-(l,l,3,3-tetramethylbutyl)-phenol  and 
2-hydroxy-5-(l,l,3,3-tetramethylbutyl)-a1,a3-xylenediol  could  not 
be  made,  because  of  the  insolubility  of  their  sodium  salts.  Con¬ 
sequently  a  weighed  amount  of  each  of  these  phenols  was  dis¬ 
solved  in  600  ml.  of  acetone-free  reagent  grade  methanol,  and 
the  solution  made  up  to  1  liter  with  distilled  water.  In  order  to 
avoid  precipitation,  the  aliquots  of  these  solutions  were  diluted 
with  25  ml.  of  methanol  instead  of  water  prior  to  bromination.  A 
series  of  blanks  was  run  on  an  aqueous  methanol  solution  with 
various  bromine  excesses,  and  a  correction  curve  for  the  presence 
of  the  methanol  was  constructed.  Acetone-free  methanol  was 


RESIDUAL  BROMINE  EXCESS  IN  PER  CENT  OF  BROMINE  ABSORBED 


Figure  2.  Bromination  of  o-,  m-,  and  p-Cresol 


foilnd  to  brominate  to  an  almost  negligible  extent  under  the  con¬ 
ditions  used  in  this  work. 

Although  aqueous  solutions  of  p-cyclohexylphenol  and  5-cyclo- 
hexyl-2-hydroxy-al,a3-xylenediol  could  be  and  were  prepared, 
the  addition  of  hydrochloric  acid  to  the  aliquots  of  these  phenols 
caused  them  to  precipitate,  with  the  result  that  subsequent 
bromination  was  found  to  be  incomplete.  This  difficulty  was 
overcome  by  diluting  the  aliquots  with  methanol  instead  of  water, 
and  correcting  for  the  presence  of  the  methanol  by  means  of  the 
correction  curve  discussed  above. 

With  a  few  phenols,  such  as  p-ethylphenol  and  4-chloro-j?)- 
cresol,  the  use  of  a  large  excess  of  bromine  caused  the  end  point 
to  reappear  shortly  after  the  analysis  had  been  completed.  In 
such  cases  thiosulfate  solution  was  added  until  the  end  point  be¬ 


Acidlty,  0.75  N 
Temperature,  25s  C. 

Time  exposed  to  bromine,  5  minutes 


came  stable. 

Brominations  at  10°  and  40°  were  carried  out  in  a  constant- 
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Phenol 


p-Cresol 


2-Hydroxy-a1,a3- 

mesitylenediol 


Table  II. 


Concen¬ 
tration  of 
Phenol 
Solution 


G./l. 

0.9364 

0.9364 

0 . 9364 

0.9364 

0.9364 

1.050 

0.9364 

1.050 

1.050 

1.050 

0.9364 

2.687 

2.687 

2.687 

2.687 

2.687 

2.687 

2.687 

2.687 

2.687 

2.718 


Effect  of  Acidity  on  Extent  of  Bromination 

Temperature,  25°  C. 

Time  exposed  to  bromine,  5  minutes 


Acid 

Na2S2C>3 

Normality 

Br  Added 

Required 

MiUi- 

Milli- 

equivalents 

equivalent 

0.35 

0.903 

0.113 

0.35 

1.042 

0.215 

0.35 

1.272 

0.388 

0.35 

1.491 

0.595 

0.35 

1.708 

0.817 

2.0 

0.947 

0.018 

2.0 

0.991 

0.128 

2.0 

1.250 

0.230 

2.0 

1.465 

0.436 

2.0 

1.579 

0.518 

2.0 

1.878 

0.909 

0.35 

0.952 

0.047 

0.35 

1.062 

0.146 

0.35 

1.224 

0.298 

0.35 

1.376 

0.425 

0.35 

1.590 

0.652 

2.0 

1.225 

0.043 

2.0 

1.352 

0.064 

2.0 

1.554 

0.173 

2.0 

2.001 

0.558 

2.0 

2.472 

0.918 

No.  of 


Net  Br 

Residual 

Reactive 

Positions 

Absorbed 

Br  Excess 

Found 

Milli¬ 

%  Br 

equivalents 

absorbed 

0.790 

14.3 

1.82 

0.827 

26.0 

1.91 

0.884 

43.9 

2.04 

0.896 

66.4 

2.07 

0.891 

91.7 

2.06 

0.929 

1.94 

1.91 

0.863 

14.8 

1.99 

1.020 

22.5 

2.10 

1.029 

42.4 

2.12 

1.061 

48.8 

2.19 

0.969 

93.8 

2.24 

0.905 

5.19 

1.13 

0.916 

15.9 

1.15 

0.926 

32.2 

1.16 

0.951 

44.7 

1.19 

0.938 

69.5 

1.17 

1.182 

3.64 

1.48 

1.288 

4.97 

1.61 

1.381 

12.5 

1.73 

1.443 

38.7 

1.81 

1.554 

59.1 

1.92 

Phenol 


p-Cresol 


2-Hydroxy-ad,ar»- 

mesitylenediol 


Table  III.  Effect  of  Temperature  on  Extent  of  Bromination 


Concen¬ 
tration  of 
Phenol 
Solution 
G./l. 


0.9364 

0.9364 

0.9364 

0.9364 

0.9364 

0.9364 

0.9364 

0.9364 

0.9364 

0.9364 

2.687 

2.687 

2.687 

2.687 

2.687 

2.687 

2.687 

2.687 

2.687 

2.687 

2.687 


Acidity,  0.75  N 

Time  exposed  to  bromine,  5  minutes 


Tem¬ 
perature  Br  Added 


°  C. 

Milli¬ 

equivalents 

10 

0.842 

10 

0.957 

10 

1.106 

10 

1.325 

10 

1.512 

40 

1.046 

40 

1.162 

40 

1.472 

40 

1.696 

40 

1.922 

10 

0.959 

10 

1.067 

10 

1.218 

10 

1.379 

10 

1.588 

10 

1.803 

40 

1.013 

40 

1.162 

40 

1.398 

40 

1.595 

40 

1.845 

NazSzOa 

Net  Br 

Required 

Absorbed 

Milli- 

Milli¬ 

equivalent 

equivalents 

0.069 

0.773 

0.160 

0.797 

0.277 

0.829 

0.451 

0.874 

0.643 

0.869 

0.066 

0.980 

0.126 

1.036 

0.336 

1.136 

0.531 

1.165 

0.734 

1.188 

0.087 

0.872 

0.119 

0.948 

0.219 

0.999 

0.374 

1.005 

0.536 

1.052 

0.707 

1.096 

0.026 

0.986 

0.080 

1.082 

0.282 

1.116 

0.449 

1.146 

0.645 

1.200 

No.  of 


Reactive 


Residual 

Position; 

Br  Excess 
%  Br 
absorbed 

Found 

8.93 

1.79 

20.1 

1.84 

33.4 

1.91 

51.6 

2.02 

74.0 

2.01 

6.73 

2.26 

12.2 

2.39 

29.6 

2.62 

45.6 

2.69 

61.8 

2.74 

9.98 

1.09 

12.6 

1.19 

21.9 

1.25 

37.2 

1.26 

51.0 

1.32 

64.5 

1.37 

2.64 

1.23 

7.39 

1.36 

25.3 

1.40 

39.2 

1.44 

53.8 

1.50 

Table  IV.  Effect  of  Bromination  Time  on  Extent  of  Bromination 

Acidity,  0.75  N 
Temperature,  25°  C. 

Concen¬ 
tration  of  Bromi- 


Phenol 

nation 

Phenol 

Solution 

Time 

G./l. 

Min. 

p-Cresol 

1.050 

1 

1.050 

1 

1.050 

1 

1.050 

1 

1.050 

1 

1.050 

10 

1.050 

10 

1.050 

10 

1.050 

10 

1.050 

10 

2-Hydroxy-a',a3- 

2.687 

1 

mesitylenediol 

2.687 

1 

2.687 

1 

* 

2.687 

1 

2.687 

1 

2.687 

10 

2.687 

10 

2.687 

10 

2.687 

10 

2.687 

10 

Br  Added 

Na2S2C>3 

Required 

Net  Br 
Absorbed 

Residual 
Br  Excess 

Milli¬ 

Milli- 

Milli¬ 

%  Br 

equivalents 

equivalent 

equivalents 

absorbed 

0.864 

0.064 

0.800 

8.00 

0.948 

0.098 

0.850 

11.5 

1.159 

0.247 

0.912 

27.1 

1.479 

0.525 

0.954 

55  0 

1.903 

0.940 

0.963 

97.6 

1.096 

0.125 

0.971 

12.9 

1.157 

0.157 

1.000 

15.7 

1.247 

0.204 

1.043 

19.6 

1.373 

0.296 

1.077 

27.5 

1.903 

0.811 

1.092 

74.3 

0.925 

0.057 

0.868 

6.57 

1.032 

0.109 

0.923 

11.8 

1.324 

0.325 

0.999 

32  5 

1.563 

0.526 

1.037 

50.7 

1.782 

0.754 

1.028 

73.3 

1.016 

0.033 

0.983 

3.36 

1.185 

0.084 

1.101 

7.63 

1.378 

0.268 

1.110 

24.1 

1.570 

0.467 

1.103 

42.3 

1.816 

0.673 

1.143 

58.9 

No.  of 
Reactive 
Positions 
Found 


1.65 

1.75 

1.88 

1.96 

1.98 

2.00 

2.06 

2.15 
2.22 

2.25 

1.09 

1.16 

1.25 
1.30 
1.29 
1.23 

1.38 

1.39 
1.38 
1.43 


temperature  bath  up  to  the  poir 
of  addition  of  the  potassiui 
iodide. 

The  number  of  reactive  pos: 
tions,  R ,  was  calculated  from  th 
formula 


R  = 


EM 
50  C 


where  E  is  the  milliequivalents  o 
bromine  absorbed,  M  is  the  mo 
lecular  weight  of  the  phenol,  ant 
C  is  the  concentration  of  the  pheno 
solution  in  grams  per  liter. 

The  residual  bromine  excess  it 
per  cent  was  obtained  by  divid 
ing  the  milliequivalents  of  sodiun 
thiosulfate  used  (which  is  equa 
to  the  milliequivalents  of  unre 
acted  bromine)  by  the  milliequiva¬ 
lents  of  bromine  absorbed 
and  multiplying  the  result  bj 
100. 


RESULTS  AND  DISCUSSION 

Phenol,  Saligenin,  and  p- 
Hydroxybenzyl  Alcohol.  Figure 
1  shows  that  phenol  brominates 
quantitatively  at  three  positions, 
regardless  of  the  size  of  the  bro¬ 
mine  excess.  When  a  consider¬ 
able  bromine  excess  is  used,  three 
reactive  positions  are  also  found 
for  saligenin  and  p-hydroxybenzyl 
alcohol,  thereby  indicating  quanti¬ 
tative  displacement  of  the  hydroxy¬ 
methyl  groups  by  bromine;  but 
the  presence  of  a  greater  bromine 
excess  than  that  required  for  com¬ 
plete  displacement  produces  no 
further  bromination. 

Cresols.  Although  o-  and  p- 
cresol  each  absorb  about  2  moles 
of  bromine  when  the  bromine  ex¬ 
cess  is  small,  additional  absorp¬ 
tion  of  bromine  occurs  with  larger 
bromine  excesses  (Figure  2).  The 
curves  show  clearly  that  o-cresol 
overbrominates  to  a  much  greater 
extent  than  does  p-cresol.  In  view 
of  these  results,  the  discrepancies 
in  the  literature  regarding  the  ac¬ 
curacy  with  which  o-  and  p-cresol 
can  be  determined  are  under¬ 
standable.  For,  depending  upon 
the  bromine  excess  that  is  used, 
a  whole  range  of  results  will  be 
obtained.  m-Cresol,  however,  bro¬ 
minates  quantitatively  at  three 
positions  over  a  wide  range  of  bro¬ 
mine  excesses. 

The  reason  for  the  overbromi- 
nation  of  the  cresols,  and  of  other 
phenols  discussed  below,  is  not 
clear.  Sprung  favors  the  theory 
that  substitution  occurs  in  the 
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ilkyl  groups  ortho  or  para  to  the  phenolic  hydroxyl  group. 
\nother  possible  explanation  is  that  methylene  quinones  are 
'ormed,  thereby  consuming  additional  bromine  over  that 
theoretically  required  for  substitution  in  the  free  ortho  or  para 
bositions.  No  direct  evidence  has  yet  been  presented  in  support 
jf  either  of  these  theories. 

Alkylated  Phenols  and  Their  Hydroxymethyl  Deriva¬ 
tives.  An  examination  of  Figure  3  reveals  that  only  p-(l, 1,3,3- 
ietramethylbutyl) -phenol,  p-cyclohexylphenol,  and  4-chloro-m- 
iresol  show  two  reactive  positions  regardless  of  the  size  of  the 
bromine  excess.  p-Cresol,  p-ethylphenol,  and  p-isopropylphenol 
jrominate  abnormally;  the  larger  the  bromine  excess,  the  greater 
s  the  number  of  reactive  positions  that  are  found. 

Before  attempting  to  explain  or  generalize  these  results,  it 
seems  desirable  to  point  out  that  the  importance  of  these  data  lies 
not  so  much  in  the  absolute  values  as  in  the  trends  that  are  re¬ 
pealed.  In  other  words,  while  it  may  be  useful  to  know  that  2.96 
reactive  positions  are  found  for  o-cresol  when  the  residual  bro- 
nine  excess  is  100%,  it  is  more  important  to  know  that  in  the  pres¬ 
ence  of  excess  bromine  o-cresol  readily  absorbs  more  than  2  moles 
jjf  bromine,  the  overbromination  depending  upon  the  magnitude 
)f  the  bromine  excess.  Aside  from  the  theoretical  value,  knowing 
Whether  a  phenol  tends  to  overbrominate  is  a  prerequisite  for  the 
istablishment  of  an  accurate  quantitative  bromination  method 
ror  the  phenol.  The  results  obtained  for  the  phenols  studied 


lead  to  the  following  generalizations,  which  extend  and  modify 
those  proposed  by  Sprung.  Phenols  having  primary  or  secondary 
alkyl  groups  ortho  or  para  to  the  phenolic  hydroxyl  group  tend 
to  overbrominate  in  the  presence  of  excess  bromine,  the  extent  of 
overbromination  depending  upon  the  magnitude  of  the  bromine 
excess.  Phenols  having  ortho,  meta,  or  para  tertiary  alkyl  groups 
brominate  quantitatively,  regardless  of  how  large  the  bromine 
excess  is. 

p-Cyclohexylphenol  is  an  exceptional  case,  for  although  it  has  a 
secondary  alkyl  group,  it  brominates  quantitatively.  The  cyclo¬ 
hexyl  group  possibly  introduces  sufficient  steric  hindrance  to  pre¬ 
vent  overbromination. 

Figure  3  also  shows  that  only  with  2-hydroxy-5-(l,l,3,3-tetra- 
methylbutyb-cFjO^-xylenediol  and  6-chloro-3-hydroxy-a2,a4- 
pseudocumenediol  does  quantitative  displacement  of  both  hy¬ 
droxymethyl  groups  by  bromine  take  place,  and  even  with  these 
dialcohols  large  bromine  excesses  are  required  for  complete  dis¬ 
placement.  Only  partial  elimination  of  the  hydroxymethyl 
groups  occurs  when  2-hydroxy-a1,a3-mesitylenediol,  5-ethyl-2- 
hydroxy-a1,Q:3-xylenediol,  2 -hydroxy- 5-isopropyl-a1, a3-xylene- 
diol,  and  5-cyclohexyl-2-hydroxy-a1,a3-xylenediol  are  bromi- 
nated.  The  data  concerning  these  dialcohols  are  not  only  of 
value  in  indicating  the  relative  ease  with  which  the  hydroxy¬ 
methyl  groups  are  displaced,  but  they  also  demonstrate  clearly 
that  it  cannot  be  assumed  that  bromination  conditions  undei 
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Figure  3.  Bromination  of  Some  Alkylated  Phenols  and  Their  Hydroxymethyl  Derivatives 

Acidity,  0.75  N 
Temperature,  25°  C. 

Time  exposed  to  bromine,  5  minutes 
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• 

which  an  alkylated  phenol  brominates  quantitatively  will  give 
quantitative  bromination  of  the  dialcohol  of  this  phenol.  It  ap¬ 
pears  that  para-alkylated  phenol  dialcohols  whose  alkyl  groups  are 
tertiary  lose  their  2  hydroxymethyl  groups  during  bromination 
much  more  easily  than  do  para-alkylated  phenol  dialcohols  whose 
alkyl  groups  are  primary  or  secondary. 


to  2.0  Ar  may  be  due  more  likely  to  experimental  error  than  to  a 
significant  trend. 

The  acidity  has  an  even  more  pronounced  effect  on  the  displace¬ 
ment  of  the  hydroxymethyl  groups  of  2-hydroxy-a\a3-mesitylene- 
diol  by  bromine.  The  higher  the  acid  normality  is,  the  greater 
is  the  displacement  of  hydroxymethyl  groups. 

Temperature  Effect.  Figure  6  shows  that  the  extent  to 
which  p-cresol  brominates  depends  greatly  upon  the  temperature. 
At  10°  no  overbromination  takes  place  even  in  the  presence  of  a 
large  excess  of  bromine.  The  displacement  of  the  hydroxymethyl 
groups  of  2-hydroxy-a1,a3-mesitylenediol  is  similarly  retarded  by 
low  temperatures,  although  the  magnitude  of  the  temperature 
effect  is  not  so  great  as  it  is  in  the  case  of  p-cresol. 

Time  Effect.  A  change  in  the  bromination  time  from  1  min¬ 
ute  to  5  minutes  produces  a  significant  increase  in  the  number 
of  reactive  positions  found  for  p-cresol  and  for  2-hydroxy-a1,a’- 
mesitylenediol,  as  may  be  seen  from  Figure  7.  Increasing  the 
bromination  time  beyond  5  minutes  does  not  affect  the  results 
appreciably. 

Ao  universal  bromination  procedure  can  be  recommended  at 
this  time  which  can  be  used  with  confidence  for  the  quantitative 
bromination  of  phenols,  phenol  alcohols,  dihydroxydiphenyl- 


Figure  4.  Bromination  of  2,2'-,  2,4'-,  and  4,4 '-Di- 
hydroxydiphenylmethane 

Acidity,  0.75  N 
Temperature,  25°  C. 

Time  exposed  to  bromine,  5  minutes 


Figure  5.  Effect  of  Acidity  on  Extent  of  Bromination 

Temperature,  25°  C. 

Time  exposed  to  bromine,  5  minutes 


RESIDUAL  BROMINE  EXCESS  IN  PER  CENT  OF  BROMINE  ABSORBED 


Figure  6.  Effect  of  Temperature  on  Extent  of  Bromination 
Acidity,  0.75  N 

Time  exposed  to  bromine,  5  minutes 


Dihydroxydiphenylmethanes.  The  2,2'-,  2,4'-,  and  4,4'- 
isomers  differ  -widely  in  the  extent  to  which  they  brominate,  as 
shov-n  in  Figure  4.  While  4,4'-dihydroxydiphenylmethane  ab¬ 
sorbs  4  moles  of  bromine  with  small  bromine  excesses,  and  over- 
brominates  with  greater  bromine  excesses,  a  large  excess  of  bro¬ 
mine  is  needed  for  the  2,4'-isomer  to  brominate  at  4  positions. 
The  2,2 '-isomer  underbrominates  even  when  a  large  bromine  ex¬ 
cess  is  present.  These  results  indicate  that  dihydroxydiphenyl¬ 
methanes  brominate  more  readily  at  positions  ortho  to  the  phe¬ 
nolic  hydroxyl  group  than  at  para  positions.  Judging  from  these 
results,  bromination  can  hardly  be  regarded  as  an  accurate 
method  for  determining  the  molecular  weight  of  dihydroxy¬ 
diphenylmethanes. 

Acidity  Effect.  As  shown  in  Figure  5,  the  acid  normality  of 
the  acidified  phenol  solution  after  the  addition  of  the  bromide- 
bromate  solution  has  an  appreciable  effect  on  the  extent  of  bromi¬ 
nation  of  p-cresol.  Reducing  the  acidity  from  0.75  N  to  0.35  N 
decreases  the  amount  of  overbromination  of  p-cresol,  but  the 
differences  which  result  from  increasing  the  acidity  from  0.75  N 


Figure  7.  Effect  of  Bromination  Time  on  Extent  of  Bromination 

Acidity,  0.75  /V 
Temperature,  25*  C 
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methanes,  and  higher  polymers,  much  less  mixtures  of  these 
compounds.  However,  knowing  which  compounds  brominate 
normally,  and  which  brominate  abnormally,  and  how  various 
bromination  conditions  affect  the  results,  it  should  be  possible  to 
determine  accurately  a  large  number  of  compounds  by  modifying 
the  procedure  where  necessary.  Further  research  is  needed  be¬ 
fore  bromination  can  be  used  for  the  quantitative  analysis  of  the 
complex  mixtures  which  result  from  the  reaction  of  phenols  with 
formaldehyde. 
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Determination  of  Calcium  in  Magnesite  and  Fused  Magnesia 
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A  method  for  the  determination  of  calcium  oxide  in  materials  con¬ 
taining  a  high  magnesium  oxide  content  is  proposed,  whereby  a 
separation  of  the  magnesium  from  the  lime  is  first  effected.  This 
procedure  is  the  reverse  of  the  usual  technique  employed.  Mannite 
is  used  to  prevent  precipitation  of  the  calcium  during  precipitation 
of  the  magnesium  as  hydroxide.  The  method  is  direct,  requiring 
fewer  preliminary  separations  than  the  existing  methods.  Quantita¬ 
tive  recovery  of  the  lime  is  assured.  Spectrographic  examination 
of  a  number  of  the  precipitates  of  lime  showed  them  to  be  of  analy¬ 
tical  purity,  free  from  contamination  by  other  impurities  in  the  samples. 

EXTREMELY  small  amounts  of  calcium,  especially  in  the 
presence  of  much  magnesium,  as  in  magnesites  and  fused 
magnesia,  cannot  be  determined  satisfactorily  by  direct  precipi¬ 
tation  as  oxalate  (S) .  In  material  of  this  type,  the  usual  procedure 
is  to  precipitate  the  calcium  first  as  sulfate,  then  as  oxalate,  and 
to  treat  the  residual  sulfates  so  that  a  saturated  solution  of  mag¬ 
nesium  sulfate  is  formed.  To  this  are  added  mixtures  of  ethyl 
alcohol,  methyl  alcohol,  and  sulfuric  acid,  in  which  the  mag¬ 
nesium  sulfate  is  appreciably  soluble,  while  the  insoluble  calcium 
sulfate  is  removed  by  filtration. 

While  the  calcium  sulfate  is  purported  to  be  wholly  insoluble, 
careful  study  shows  that  results  obtained  by  these  procedures  are 
usually  somewhat  low.  The  precipitation  as  sulfate  is  successful 
only  in  the  absence  of  alkali  metals,  the  sulfates  of  which  are  for 
the  most  part  difficultly  soluble  in  alcohol.  This,  of  course,  makes 
this  method  of  separation  entirely  unsuitable  for  substances 
which  must  be  first  attacked  by  an  alkali  fusion — e.g.,  some  fused 
and  high-temperature  fired  periclase  in  which  recrystallization 
has  occurred. 

In  other  methods  for  the  separation  of  small  amounts  of  lime 
from  large  amounts  of  magnesium,  such  as  may  occur  in  mag¬ 
nesium  alloys  (2,  o) ,  a  sugar  solution  is  used  to  dissolve  the  cal¬ 
cium  hydroxide,  leaving  the  magnesium  hydroxide  almost  com¬ 
pletely  precipitated  in  strong  alkali  solution,  from  which  the 
calcium  may  be  separated  by  filtration. 

The  alloys,  however,  are  relatively  free  of  the  impurities 
usually  found  in  appreciable  amounts  in  magnesite. 

During  work  in  this  laboratory  involving  many  thousands  of 
boron  analyses,  solutions  containing  a  polyhydric  alcohol,  in  this 
particular  case  mannite,  were  titrated  to  an  approximate  pH  of  1 1. 
Although  in  many  cases  rather  large  quantities  of  calcium  were 
present  as  the  chloride,  no  calcium  hydroxide  was  precipitated. 
If,  however,  these  solutions  contained  magnesium  chloride,  an 
appreciable  precipitate  of  magnesium  hydroxide  occurred,  render- 
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ing  the  boron  analyses  useless  and  making  removal  of  the  mag¬ 
nesium  ion  obligatory. 

These  phenomena  suggested  a  possible  new  means  of  separating; 
calcium  from  appreciable  magnesium,  providing  conditions  could 
be  found  which  would  yield  a  quantitative  separation  of  the 
calcium  from  either  all  or  a  major  portion  of  the  magnesium. 

EXPERIMENTAL 

Samples  of  very  high-grade,  specially  prepared  magnesium 
oxide  obtained  from  the  high-temperature  calcination  of  mag¬ 
nesium  hydroxide  were  used  in  the  preliminary  study.  This 
material  was  supplied  by  the  J.  T.  Baker  Chemical  Company. 
Both  chemical  and  spectrographic  analysis  showed  that  various 
shipments  of  this  material  contained  from  0.04  to  0.08%  calcium 

Two-gram  samples  of  this  magnesium  oxide  were  dissolved  in 
hydrochloric  acid  and  various  amounts  of  reagent  grade  mannite 
from  the  Hercules  Powder  Company  were  added  to  the  acid 
solution  contained  in  500-ml.  volumetric  flasks.  The  solution 
was  then  made  alkaline  with  carbonate-free  sodium  hydroxide, 
diluted  to  500  ml.,  mixed,  and  allowed  to  stand  overnight.  Ex¬ 
amination  of  the  clear  supernatant  liquid  showed  that  from  95 
to  99%  of  the  magnesium  had  been  removed. 

The  next  step  consisted  of  adding  various  amounts  of  a  chloride 
solution  prepared  from  calcium  oxide  purified  by  triple  precipita¬ 
tion  as  oxalate  after  preliminary  separation  of  the  interfering 
elements.  The  additions  of  calcium  ranged  from  2  to  20  mg., 
calculated  as  oxide  per  100  ml.  of  solution  contained  in  the  volu- 
metric  flask.  After  treatment  of  this  solution-  with  mannite  and 
sodium  hydroxide,  as  described  in  the  general  procedure,  the 
calcium  was  separated  from  the  clear  supernata-nt  liquid  as  oxalate 
by  double  precipitation.  The  recoveries  obtained  were  excellent 
(Table  I). 

Following  these  tests,  the  sample  of  calcined  magnesite  No.  104 
issued  by  the  National  Bureau  of  Standards,  and  a  series  of  mag¬ 
nesite  samples  from  various  sources  were  analyzed  by  the  method 
described.  The  results  in  Table  I  indicate  excellent  recoveries  of 
the  lime  with  accuracy  equal  to,  or  better  than,  some  of  the 
present  generally  accepted  methods. 

GENERAL  PROCEDURE 

Weigh  out  2-gram  samples  of  the  magnesite  or  fused  magnesia 
into  100-cc.  porcelain  casseroles,  add  35  to  40  cc.  of  1  to  1  hydro¬ 
chloric  acid,  and  warm  until  solution  is  effected.  In  the  event 
that  the  material  is  not  entirely  soluble  in  the  dilute  hydrochloric 
acid,  place  the  2-gram  sample  in  a  20-cc.  platinum  crucible  and 
intimately  mix  with  it  about  3  to  5  grams  of  sodium  carbonate. 
Place  the  crucible  in  a  muffle  furnace,  or  over  a  Fisher  burner, 
sinter  for  about  30  minutes  at  900°  to  1000°  C.,  cool,  and  dis¬ 
solve  in  the  casserole  with  50  to  60  cc.  of  1  to  1  hydrochloric  acid. 

After  solution  has  been  brought  about  by  either  method,  evapo¬ 
rate  the  solution  to  dryness  on  a  steam  bath  and  bake  the  residue 
in  a  drying  oven  for  one  hour  at  120°  C.  Add  5  cc.  of  concentrated 
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Table  I.  Gravimetric  Determination  of  Calcium  in  the  Presence  of 
Large  Amounts  of  Magnesium 


Substance 
MgO  +  CaO 


India  magnesite 


Magnesite  104c 


Sea-water  mag¬ 
nesite 


CaO 

CaO 

Found'by 

Usual 

Alcohol 

Error, 

CaO 

Found  by 
Proposed 

Error, 

Present 

Method 

CaO 

Method 

CaO 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

4.0 

3.7 

-0.3 

3.9 

—  0  1 

8.0 

7.8 

-0.2 

8.1 

+  0.1 

12.5 

12.1 

-0.4 

12.4 

—  0.1 

16.0 

15.6 

-0.4 

16.0 

0.0 

20.0 

19.8 

-0.2 

19.8 

—  0.2 

25.0 

24.5 

-0.5 

25.0 

0  0 

31 . 0 

31.1 

+  0.1 

31.1 

+  0.1 

36.0 

35.5 

-0.5 

35.8 

—  0.2 

40.0 

39.4 

-0.6 

40.1 

+  0.1 

40.0 

39.5 

-0.5 

40.1 

+0  1 

8. 56 

7.7 

-0.8 

8.9 

+  0.4 

9. 16 

8.4 

-0.7 

9.2 

+0.1 

9.76 

9.96 

9.4 

9.5 

-0.3 

-0.4 

10.0 

9.9 

+  0.3 
0.0 

26.8 

26.2 

-0.6 

27.4 

+  0.6 

26.8 

26.6 

-0.2 

27.2 

+  0.4 

26.8 

26.1 

-0.7 

27.4 

+  0.6 

26.8 

26.1 

-0.7 

26.9 

+  0  1 

26.8 

26.8 

26.2 

26.4 

-0.6 

-0.4 

27.3 

26.4 

+  0.5 
—  0.4 

26.8 

26.5 

-0.3 

26.2 

—  0.6 

26.8 

26.0 

-0.8 

26.9 

+  0. 1 

26.8 

26.0 

-0.8 

27.0 

+  0  2 

26.8 

26.1 

-0.7 

27.1 

+  0.3 

18.06 

17.5 

-0.5 

17.9 

-0.1 

?  Pure  calcium  oxide  additions  to  magnesium  oxide. 

^Averaged  values  reported  by  chemical  laboratory  of  Norton  Co.,  Chip- 

t-.  S.  National  Bureau  of  Standards  burned  magnesite  sample  104. 


hydrochloric  acid  to  the  baked  residue  and  then  about  50  to  75 
cc.  ot  hot  water,  and  digest  until  salts  are  in  solution.  Filter  off 
the  silica,  washing  the  precipitate  4  to  5  times  with  hot  1  to  4 
hydrochloric  acid  wash  and  finally  with  hot  water.  The  silica 
content  of  the  sample  may  be  determined  by  the  usual  ignition 
and  treatment  of  the  precipitate  with  hydrofluoric  acid,  although 
very  accurate  determinations  require  two  dehydrations.  If  the 
precipitated  silica  has  been  properly  washed,  no  calcium  will  be 
found  in  the  residue  after  hydrofluoric  acid  treatment 
+  0.  c°oled  Strafe  contained  in  a  500-cc.  volumetric  flask 
add  15  to  2o  grams  of  mannite.  When  solution  of  the  mannite 
has  been  effected  add  6  drops  of  phenolphthalein  indicator  and  a 
+U1+°’1  of  9.0  iV  carbonate-free  sodium  hydroxide  dropwise 
until  the  pmk  color  of  the  indicator  appears.  The  sodium  hvdrox- 
lde  used  must  be  carbonate-free  because  of  the  possibility  of 
forming  calcium  carbonate,  which  is  insoluble  in  the  polyhydric 
alcohol  solution  and  would  lead  to  low  lime  results.  Now  add  an 
excess  of  5  cc.  of  the  sodium  hydroxide  solution  by  dropwise 
additions  while  the  solution  in  the  flask  is  agitated  to  ensure 
piompt  mixing  of  the  two  solutions.  Cool  the  flasks  to  room 
temperature  dilute  to  500  cc.  with  distilled  water,  shake  the 
ask  v  eil,  and  allow  to  stand  for  6  to  8  hours,  or  overnight.  Pour 
the  solution  through  a  loose,  dry,  filter  paper  until  a  200-cc. 
aliquot  can  be  obtained.  The  aliquot  may  be  removed  by  means 
of  a  pipet  from  the  clear  supernatant  liquid  in  the  flask,  although 
in  many  cases  this  method  is  not  satisfactory. 

,.°  ,  e  aliquots  contained  in  400-cc.  beakers  add  5  drops  of 
methyl  red  indicator  and  acidify  with  hydrochloric  acid,  adding 
cc.  m  excess.  An  addition  of  5  grams  of  ammonium  chloride 
at  this  point  is  desirable  should,  for  some  reason,  an  undue 
amount  of  magnesium  remain  in  the  solution.  To  the  boiling 
solution  add  0.5  gram  of  ammonium  oxalate  and,  when  dissolved 
add  ammonium  hydroxide  until  the  solution  is  neutral.  Digest 
on  a  steam  bath  until  the  calcium  oxalate  precipitate  is  well 
formed.  Ilemove,  add  2  cc.  of  ammonium  hydroxide  dropwise 
and  allow  precipitate  to  stand  for  4  hours.  Filter  the  solution 
through  a  No.  40  Whatman  paper  and  wash  with  a  cold  1% 
solution  of  ammonium  oxalate. 

Dissolve  the  washed  precipitate  through  the  paper  with  50  cc. 
of  not  1  to  2  hydrochloric  acid  and  reprecipitate,  filter,  and  wash 
the  calcium  exactly  as  described  for  the  initial  precipitation. 

?onn°  n  •  ca}cm™  °xalate  to  the  oxide  by  ignition  at  1100° 
ro  l^uu  C.  in  fared  platinum  crucibles  to  constant  weight,  ob- 
ervmg  all  of  the  usual  precautions  necessary  for  the  weighing  of 
this  hygroscopic  precipitate  (4). 

The  200-cc.  aliquot  taken  for  this  analysis  represents  an  0.8- 
gram  sample.  The  percentage  of  calcium  oxide  in  the  sample  may 
be  calculated  as  follows: 


Weight  of  precipitate  X  100 
08 


=  %  CaO 
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The  authors  prefer  weighing  the  lime  as  oxide  as  described, 
but  there  is  no  objection  to  using  the  volumetric  oxalate-per¬ 
manganate  titration  to  obtain  the  lime  values.  The  described 
procedure  is  less  subject  to  errors  than  the  volumetric  method. 


DISCUSSION  OF  RESULTS 

In  this  investigation,  samples  of  magnesium  oxide  with  various 
additions  of  pure  calcium  oxide  in  amounts  equivalent  to  samples 
containing  from  0.5  to  5.0%  were  analyzed  by  the  above  pro- 
cedure. 

In  addition,  ten  separate  and  individual  analyses  of  the 
sample  of  calcined  magnesite  No.  104,  issued  by  the  Bureau  of 
Standards,  four  samples  of  India  magnesite,  and  one  sample  of 
magnesite  from  sea  water  were  analyzed  by  the  same  method. 
1  hese  latter  samples  were  then  analyzed  by  precipitation  of  the 
calcium  as  sulfate  and  then  as  oxalate  after  solution  of  the  sulfate 
by  the  mixed  alcohols. 

The  results  of  these  investigations,  which  are  shown  in  Table  I, 
indicate  .that  the  values  obtained  by  this  new  procedure  are 
accurate  and  reliable.  In  general,  as  expected,  the  results  are 
slightly  higher  than  those  found  by  the  so-called  alcohol  method, 
probably  because  of  the  slight  solubility  of  the  calcium  sulfate 
in  the  alcohol  mixture. 

The  number  of  milligrams  of  calcium  oxide  present  in  the 
Bureau  of  Standards  burned  magnesite  sample  104  is  taken  from 
the  averaged  certificate  value  of  3.35%  calcium  oxide  ( 1 ).  Four 
of  the  eight  cooperating  analysts  reported  higher  values  for  lime 
than  the  averaged  value.  If  the  value  obtained  by  the  Bureau 
of  Standards  analyst  were  substituted  for  the  value  shown  in 
the  table,  the  calcium  oxide  present  would  be  27.0  mg.  instead  of 
-6.8  mg.  Substitution  of  this  value  would  show  greater  devia¬ 
tions  for  the  analyses  obtained  by  the  alcohol,  while  the  results 
obtained  by  the  procedure  proposed  herein  would  show  better 
agreement  in  eight  of  the  ten  analyses.  While  there  is  no  justi¬ 
fication  for  assuming  that  this  value  is  better  than  the  average 
reported  value,  the  results  obtained  by  the  proposed  method 
are  in  very  close  agreement  with  those  reported  by  excellent 
analysts  using  the  existing  procedures. 

The  aluminum  oxide  content  of  standard  sample  104  is  given 
in  the  certificate  as  0.84%.  One  might  expect  the  aluminum  to 
be  a  possible  source  of  error  in  this  method.  Because  of  the 
solubility  of  the  aluminum  hydroxide  in  the  sodium  hydroxide 
solution,  it  might  later  be  expected  to  coprecipitate  partially  or 
completely  with  the  calcium.  No  trouble  from  this  source  was 
encountered. 

A  number  of  the  calcium  oxide  precipitates  obtained  by  the  use 
of  the  proposed  method  were  examined  spectrographically  for 
puritj  .  In  these  examinations  the  spectra  obtained  using  a  large 
Bausch  &  Lomb  Littrow  type  prism  spectrograph  were  inspected 
critically.  Only  the  usual  spectrographic  traces  of  impurities 
which  are  always  detectable  in  the  most  precise  chemical  separa¬ 
tions  were  present.  The  precipitates  of  calcium  oxide  obtained 
were  judged,  therefore,  to  be  free  from  any  coprecipitated  con¬ 
stituents  of  the  sample. 
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has  long  been  tacitly  assumed  that  the  best  way  to  operate  high- 
ficiency  distillation  columns  is  with  as  nearly  continuous  a  product- 
ithdrawal  rate  as  possible.  The  relative  effectiveness  of  intermit- 
nt  vs.  continuous  product  withdrawal  for  the  separation  of  a-  and 
-pinene  was  tested  with  a  heligrid-packed,  a  helices-packed,  and  a 
mze-plate  column.  Especially  with  the  heligrid-packed  column 
istinctly  better  separation  was  obtained  by  product  withdrawal 
nee  every  hour  than  once  every  30  seconds. 


•RACTIONAL  distillation  is  one  of  the  most  important 
laboratory  tools  in  the  field  of  hydrocarbon  research.  It 
ould  be  impossible  to  enumerate  here  all  the  publications  deal- 
:g  with  laboratory  and  commercial  fractionating  columns, 
pecial  mention  should  be  made,  however,  of  the  excellent  review 
f  the  literature  on  the  construction,  testing,  and  operation  of 
iboratory  fractionating  columns  made  by  Ward  (9)  and  of  two 
lore  recent  papers  on  distillation  practices  and  methods  by 
•thmer  (4)  and  Podbielniak  (8).  Despite  these  numerous  pub- 
cations  and  the  real  progress  made,  usually  empirically,  in  the 
evelopment  of  efficient  laboratory  fractionating  columns,  rela- 
vely  little  has  been  published  on  the  practical  operation  of  such 
olumns.  There  remains  to  be  established  a  scientific  basis  for 
ertain  operational  techniques  now  in  common  use,  such  as  the 
reflooding  technique,  which  have  been  developed  through  prac- 
ical  experience.  That  many  differences  of  opinion  exist  con- 
erning  the  preferred  mode  of  operation,  even  for  major  elements, 
i  revealed  by  the  following  excerpts  from  Ward’s  review  ( 9 ) : 

The  usual  distillation  practice  is  to  keep  the  distillation  rate 
onstant.  .  .  .Some  operators,  however,  increase  the  rate  when 
ollecting  a  pure  component  and  decrease  the  rate  between  com- 
■onents.  .  .Most  investigators  use  the  term  “reflux  ratio”  to 
esignate  the  quantity  of  reflux  per  unit  weight  of  product.  .  . 
IcMillan’s  results  show  higher  efficiency  with  medium  rather 
han  high  or  low  reflux  ratio.  Calin- 
aert  and  Huggins,  with  a  coke-packed 
olumn,  found  the  efficiency  was  pro- 
■ortional  to  the  reflux  ratio  at  constant 
apor  velocity.  .  .The  usual  practice 
5  to  maintain  a  constant  reflux  ratio; 
owever,  some  investigators  decrease 
he  reflux  while  collecting  pure  com- 
iounds  and  increase  it  at  the  critical 
loints  between  compounds.  .  .  Judging 
rom  their  results,  Hill  and  Ferris  con- 
luded  the  peak  efficiency  of  a  packed 
olumn  was  at  a  rate  just  below  flood- 
ag.  Podbielniak  found  maximum  ef- 
iciency  when  the  packing  is  barely 
.•et.  This  is  verified  by  Bruun  and 
Ichicktanz,  whose  results  show  effici- 
ncy  decreased  materially  near  the 
ooding  point. 

Podbielniak  (8)  pointed  out  the 
lossibility  that  intermittent  product 
rithdrawal  might  be  superior  to  uni- 
orm  product  withdrawal: 

The  measurement  and  control  of 
eflux  ratio  for  high  efficiency  columns 
re  most  important  in  obtaining  best 
>ossible  separation  with  a  column  in  a 
;iven  time  of  distillation. .  .  It  has  long 
>een  tacitly  assumed  that  the  best  way 
o  operate  any  column  is  with  as 
iearly  continuous  a  product-with- 


Column 


drawal  rate  as  possible.  .  .However, 
in  operating  the  high-efficiency  column 
and  packing  here  described,  on  close¬ 
boiling  binary  test  mixtures  at  high  re¬ 
flux  ratios,  very  much  better  separations 
have  been  obtained  by  holding  the 
column  at  total  reflux  for  periods  of  30 
minutes  or  more,  and  then  withdraw¬ 
ing  a  quota  of  product  almost  instan¬ 
taneously,  again  holding  the  column  at 
total  reflux,  and  so  on,  than  by  with¬ 
drawing  the  product  continuously  at 
the  same  average  rate  as  in  the  inter¬ 
mittent  operation.  .  .This  unexpected 
advantage  of  intermittent  product  with- 
drawal,  so  outstanding  as  to  merit  the 
nickname  “the  free-wheeling  effect”  in 
the  author’s  laboratory,  still  is  without 
theoretical  explanation. 

In  the  laboratory  of  the  Naval  Stores 
Research  Division  complex  mixtures  of 
terpene  hydrocarbons  are  often  care¬ 
fully  fractionated  into  individual  pure 
components.  For  this  purpose,  three 
different  types  of  columns  are  available: 
a  vacuum-jacketed  Podbielniak  type, 
1  inch  (2.5  cm.)  in  diameter,  containing 
4  feet  of  packing;  an  insulated,  heat- 
compensated  column,  1  inch  in  diameter, 
packed  with  Vie  inch  Fenske-type  glass 
helices  for  7  feet;  and  a  Palkin  type  (5),  containing  45  indi¬ 
vidual  gauze  plates  1  inch  in  diameter,  approximately  2  inches 
apart.  Distillations  are  generally  carried  out  at  reduced  pres¬ 
sure  (usually  at  20.0  mm.  of  mercury)  to  minimize  thermal  isom¬ 
erization  and  at  high  reflux  ratio  to  ensure  maximum  purity  of 
product.  Mixtures  rich  in  a-pinene  (boiling  point  at  20  mm.  = 
52.2°  C.)  and  0-pinene  (boiling  point 
at  20  mm.  =  59.7°  C.)  are  frequently 
distilled.  It  was  thought  worth  while, 
therefore,  to  investigate  the  utility  of 
the  “free-wheeling  effect”  in  these  dis¬ 
tillations,  especially  since  mixtures  of 
pure  a-  and  /3-pinene  can  be  analyzed 
conveniently  and  accurately  simply  by 
measurement  of  the  optical  rotation, 

Biot’s  relationship  holding  closely  for 
these  terpenes  (8).  Accordingly,  two 
series  of  distillations  were  planned  to 
test  this  free-wheeling  effect. 


Figure  2.  Reflux 
Controller  and  Top 
of  Helices-Packed 
Column 


Figure  3.  Reflux 

EXPERIMENTAL  PROCEDURE  Controller  and  Top 

ofHeligridColumn 

In  the  first  series  of  distillations  each 
of  the  three  columns  was  operated  so 

that  the  product  withdrawal,  or  take-off,  was  “uniform”; 
in  the  second  series,  so  that  the  withdrawal  was  “inter¬ 
mittent”.  It  was  planned  that  in  so  far  as  possible  the  operation 
of  all  the  columns  in  a  series  would  be  alike,  thus  permitting 
evaluation  of  the  response  of  the  various  columns  both  with  re¬ 
spect  to  each  other  and  with  respect  to  the  manner  of  product 
withdrawal. 


All  three  columns  were  operated  simultaneously  from  a  single 
control  panel  and  “column  line”  manifold  maintained  at  20.0 
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described  by  Carter  and  Johnson  (2)  (Figures  1  and  2 
uniform  withdrawal  was  arranged  for  by  use  of  a 
electric  time  swatch  operating  on  a  30-second  cycle  an 
set  at  1%.  In  the  case  of  the  Podbiehnak  column  (Fii 
ure  3)  since  the  smallest  portion  of  product  that  coul 
be  withdrawn  reliably  was  about  0.2  cc.,  the  “uniform 
withdrawal  was  arranged  for  by  use  of  an  electric  tim 
switch  operating  on  a  5-minute  cycle  and  set  at  0.13*2 
This  gave  a  take-off  of  3.0  ce.  per  hour  when  the  reflu 
was  300  cc.  per  hour.  In  the  case  of  the  “intermil 
tent  withdrawal,  all  the  columns  had  a  product  wit! 
drawal  period  of  36  seconds  followed  by  a  shut-in  perio 
of  59  minutes  and  24  seconds.  This  could  be  arrange 
for  by  use  of  a  time  switch  operating  on  a  1-hour  cycl 
and  set  at  1%.  The  optical  rotation  of  each  fractio 
(about  20  cc.)  was  measured  and  then  plotted  agains 
grams  of  product  withdrawal  from  each  column. 


RESULTS  AND  DISCUSSION 

Figure  4  shows  such  plots  for  some  of  the  intermedi 
ate  fractions  obtained  by  uniform  product  withdraws 
for  all  three  columns  operated  simultaneously.  Figure ; 
illustrates  similar  plots  obtained  using  intermittent  prod 
uct  withdrawal.  These  plots  permit  a  direct  compari 
son  of  the  effectiveness  of  all  three  columns,  as  well  a 
an  evaluation  of  the  effect  of  uniform  versus  intermitten 
product  withdrawal.  [The  performance  of  a  columi 
measured  in  theoretical  plates  at  atmospheric  pressuri 
cannot  be  interpreted  as  the  plateage  of  that  columi 
operating  under  vacuum.  Thus  Byron,  Bowman,  anc 
Coull  ( 1 )  point  out  that  “a  50-plate  column  (at  atmos¬ 
pheric  pressure)  would  realize  only  half  a  plate  at  7.( 
mm.  of  mercury”.  ]  The  fractions  with  the  highest  rota¬ 
tion,  for  both  a-  and  /3-pinene,  were  obtained  from  th< 
Podbielniak  column.  Table  I  shows  for  all  six  distil- 


min.  of  mercury  pressure  by  means  of  a  modified  Palkin-type 
dual  pressure  control  assembly  system  (6).  Throughput  was 
maintained  at  300  cc.  per  hour  (at  the  head)  by  heating  the  still 
pots  electrically.  Current  was  supplied  to  Variacs 
through  constant-voltage  transformers  and  the  Variacs 
were  adjusted  manually  from  time  to  time  to  maintain 
the  desired  throughput.  Active  ebullition  was  main¬ 
tained  by  means  of  an  electrically  heated  boiling  pro¬ 
moter  (7).  Product  take-off  wras  maintained  at  3  cc. 
per  hour  by  suitable  electrically  operated  timing  devices. 

Each  still  pot  was  charged  with  500  grams  of  a  stock 
mixture  of  50%  a-pinene  and  50%  /3-pinene  (by  weight), 
and  distillation  W'as  continued  without  interruption 
until  the  /3-pinene  plateau  had  been  reached  or  until 
reflux  at  the  head  ceased.  Each  distillation  lasted 
about  a  w-eek,  and  fractions  wrere  cut  at  6-  or  8-hour 
intervals. 

Although  it  wras  desired  to  condition  and  operate 
all  three  columns  as  similarly  as  possible,  certain  dis¬ 
similarities  could  not  be  avoided,  owing  to  the  differ¬ 
ences  in  construction  of  the  three  columns.  For  ex¬ 
ample,  the  Podbielniak  column,  being  vacuum-jacketed, 
required  no  heat  compensation  for  the  jacket,  whereas 
the  heat  loss  from  both  the  helices-packed  and  the 
gauze-plate  columns  was  partially  compensated  by  four 
thermostatically  controlled,  electrically  heated  resist¬ 
ance  units  in  each  column.  In  order  to  minimize  pos¬ 
sible  differences  arising  from  different  manipulation  of 
the  thermostats,  they  were  preset,  so  that  each  column 
would  be  losing  a  slight  amount  of  heat  at  the  boil¬ 
ing  point  of  a-pinene  and  were  left  unchanged  through¬ 
out  the  distillations.  To  obviate  the  possibility  of  dif¬ 
ferences  in  efficiency  arising  from  any  difference  in  de¬ 
gree  of  thoroughness  of  preflooding  none  of  the  columns 
was  flooded. 

Each  column  was  allowed  to  reflux  for  approximately 
5  hours  before  product  withdrawal  was  begun.  In  the 
case  of  the  helices-packed  column  and  the  gauze-plate 
column,  each  fitted  with  a  modified  head  of  the  type 


size  in  grams  or  tne  intermediate  portioi 
between  a-  and  /3-pinene  at  various  levels  of  purity — i.e.,  95,  9! 
99,  and  99.5%.  Also  shown  in  this  table  is  the  difference  in  th 
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Table  I.  Comparison  of  Uniform  and  Intermittent  Product 
Withdrawal 

Grams  of  Product  between  a-  and  /3-Pinene 
of  Indicated  Purity 


99.5% 

99% 

98% 

95% 

Podbielniak  column 

43 

35 

Uniform 

72 

55 

Intermittent 

52 

37 

27 

23 

)ecrease 

20 

18 

16 

12" 

lelices-packed  column 

74 

58 

Uniform 

138 

97 

Intermittent 

121 

95 

73 

56 

)ecrease 

17 

2 

1 

2 

(iauze-plate  column 
Uniform 

184 

138 

105 

87 

1  Intermittent 

171 

130 

103 

72 

Decrease 

13 

8 

2 

15 

[uantity  of  material  of  intermediate  purity  obtained  when  operat- 
ng  under  uniform  as  against  intermittent  withdrawal.  Of  the 
hree  columns  tested  the  Podbielniak  column,  when  operated 
mder  the  conditions  of  this  test,  made  the  best  showing;  the 
auze-plate  column,  the  poorest.  Furthermore,  for  the  Pod- 
nelniak  column,  when  intermittent  rather  than  uniform  pred¬ 
ict  withdrawal  was  used,  the  improvement  was  very  marked  and 


consistent,  showing  a  decrease  in  size  of  intermediate  fractions  of 
approximate  35%  at  all  levels  of  purity.  Although  some  improve¬ 
ment  was  also  apparent  in  the  operation  of  the  other  two 
columns,  this  improvement  in  several  cases  was  within  the  limits 
of  possible  experimental  error. 

It  may,  therefore,  be  concluded  that  when  operating  high- 
efficiency  columns  at  high  reflux  ratios  it  is  not  necessary  to  use  as 
nearly  continuous  product  withdrawal  as  possible.  In  fact, 
when  a  reflux  ratio  of  100  to  1  is  used,  better  separations  are  ob¬ 
tained  by  product  withdrawal  once  every  hour  than  once  every 
30  seconds. 
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Determination  of  1-Trichloro-2,2-bis(p-chlorophenyl)ethane 

in  DDT  Dusts  and  Oil  Solutions 

J.  B.  LaCLAIR 

California  State  Department  of  Agriculture,  Bureau  of  Chemistry,  Sacramento,  Calif. 


\  method  is  described  for  the  determination  of  1 -trichloro-2,2- 
jis(p-chlorophenyl)ethane  (p,p'-DDT)  in  commercial  dusts  and  oil 
olutions.  The  method  is  based  upon  the  dehydrochlorination 
if  the  sample  at  25.0°  =±=  0.1°  C.  in  95%  ethyl  alcohol  solution 
or  dust  mixtures,  and  in  kerosene  solution  for  oil  solutions,  for  15 
ninutes,  using  20  ml.  of  N  ethanolic  sodium  hydroxide.  Com- 
iarative  results  are  given  for  the  crystallization  method  and  the 
nethod  described.  Possible  sources  of  error  are  discussed. 


THE  insecticidal  value  of  an  economic  poison  containing 
DDT  is  believed  primarily  due  to  its  content  of  the  para- 
>ara'  isomer,  l-trichloro-2,2-bis(p-chloropkenyl)etkane  (p,p'- 
DDT) ;  and  in  enforcement  of  the  Agricultural  Code  of  the 
State  of  California  pertaining  to  labeling  and  sale  of  agricultural 
chemicals,  it  is  necessary  to  determine  the  percentage  of  this  com¬ 
pound  in  commercial  dusts  and  sprays.  Several  useful  methods 
lave  been  developed  (6,  7,  8,  13,  15)  for  determining  or  detecting 
;otal  DDT,  but  they  are  not  applicable  to  the  quantitative  esti- 
nation  of  the  individual  principal  isomers  occurring  in  com- 
nercial  DDT.  The  crystallization  method  of  Cristol,  Hayes, 
md  Haller  (5)  has  proved  most  valuable  for  the  determination  of 
p,p'-DDT  in  the  technical  product  and  straight  DDT  dust  for¬ 
mulations,  but  it  is  not  applicable  to  oil  solutions,  such  as  fly 
sprays,  or  dusts  containing  pyre  thrum  powder  or  concentrates 
and  is  time-consuming  when  applied  to  low  {percentage  dust  mix¬ 
tures.  The  complex  mixtures  making  up  modern  commercial 
insecticides  cause  serious  interference  in  most  colorimetric 
methods  (1,  3,  10). 

Cristol  (4)  has  suggested  that  the  difference  in  reaction  rates 
of  p,p'-DDT  and  o,p'-DDT  to  dehydrochlorination  might  be 
used  for  determination  of  the  para-para'  isomer  in  technical 


DDT.  This  reaction  was  investigated  by  the  author,  and  proce¬ 
dures  were  developed  applicable  to  most  commercial  DDT  dusts 
and  sprays.  [Since  the  submission  of  this  paper  an  article  on 
the  determination  of  p,p'-DDT  in  technical  DDT  has  been  pub¬ 
lished  (13).  ] 

EXPERIMENTAL 

A  number  of  commercially  available  technical  and  purified 
grade  DDT  samples  of  known  p,p'-DDT  content,  as  determined 
by  the  Cristol,  Hayes,  and  Haller  crystallization  method  (4), 
were  dehydrochlorinated  under  strict  conditions  of  temperature 
and  concentration. 

A  1.000-gram  sample  was  dissolved  in  75.0  ml.  of  95%  ethyl 
alcohol,  and  reacted  15  minutes  with  20.00  ml.  of  N  ethanolic 
sodium  hydroxide  at  25.0°  =*=  0.1°  C.  A  graph  of  the  per  cent 
chloride  ion  formed,  as  ordinate,  and  per  cent  p,p'-DDT  of  the 
samples  as  abscissa,  gave  a  straight  line,  which  could  be  ex¬ 
pressed  by  the  formula: 

(%  chloride  X  11)  -  9.30  =  %  p,p'-DDT 

A  0.500-gram  sample  was  dissolved  in  kerosene,  made  up  to 
100.0  ml.  with  kerosene,  and  reacted  15  minutes  with  20.00  ml.  of 
N  ethanolic  sodium  hydroxide  at  25.0°  =*=  0.1°  C.,  while  being 
stirred  at  700  to  800  r.p.m.  A  graph  of  the  per  cent  chloride  ion 
formed  and  per  cent  p,p'-DDT  of  the  samples  gave  a  straight 
line,  expressible  by  the  formula: 

(%  chloride  X  23)  -  16.90%  =  %  p,p'-DDT 

REAGENTS  AND  APPARATUS 

Ethyl  alcohol,  commercial  190-proof,  95%  by  volume. 

Ethanolic  sodium  hydroxide,  1.000  N.  Dissolve  41  to  42 
grams  of  c.p.  sodium  hydroxide  pellets  in  about  350  ml.  of  ethyl 
alcohol  with  the  aid  of  heat,  cool,  and  filter  into  a  1 -liter  volu¬ 
metric  flask.  Add  alcohol  almost  to  mark,  and  mix.  Standard- 
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indicator^  ^  ^  °r  ^  ^  ^  hydrochloric  acid,  using  methyl  orange 

Ethanolic  potassium  or  sodium  hydroxide,  approximately  1  N. 
Dissolve  56  grams  of  c.p.  potassium  hydroxide  or  40  grams  of 
c.p  sodium  hydroxide  in  about  250  ml.  of  ethyl  alcohol  filter 
and  make  to  1  liter  with  ethyl  alcohol.  ’  ’ 

Nitric  acid,  1  to  1,  1  volume  of  c.p.  concentrated  nitric  acid 
plus  1  volume  of  distilled  water. 

Nitric  acid,  1  to  3,  1  volume  of  c.p.  concentrated  nitric  acid 
plus  6  volumes  of  distilled  water. 

Silver  nitrate  0.1  N,  16.989  grams  of  silver  nitrate  per  liter  of 
solution.  Standardize  by  precipitating  and  weighing  as  silver 
cnlonde. 

,  Ammonium  thiocyanate,  0.1  A',  7.611  grams  of  ammonium 
tniocyanate  per  liter  solution.  Standardize  against  the  0  1  N 
silver  nitrate. 

Ferric  alum  indicator,  10%,  10  grams  of  c.p.  ferric  ammonium 
sullate  dissolved  in  a  minimum  of  distilled  water.  Filter  de¬ 
colorize  with  concentrated  nitric  acid,  and  dilute  to  100  ml'. 
Nitrobenzene,  purified  grade  mononitrobenzene. 

Acetone,  c.p.  reagent  grade. 

k  Kerosene,  a  good  quality  water-white  kerosene  or  deodorized 

Constant-temperature  bath,  capable  of  maintaining  a  tempera- 
flasks0*  25  °  *  0-1  C”  and  large  enough  to  hold  two  250-ml. 

Electric  stirrer,  fitted  with  a  18-  to  20-mm.,  two-blade  glass 
stirrer,  speed  adjustable  to  700  to  800  r.p.m. 

hancferVa^  ^mer’  <<m*nu*'e  minder”,  or  clock  with  sweep-second 
Parr  bomb. 


PROCEDURE  FOR  DRY  MATERIALS 

Technical  and  Purified  DDT  (96  to  100%  from  total  chlo- 
nne)  A  1.000-gram  sample  of  the  material  is  placed  in  a  250-ml. 
J  Erlenmeyer  flask,  75.0  ml.  of  95%  ethyl  alcohol  are  added,  and 
the  flask  is  heated  under  reflux  until  the  sample  is  dissolved  The 
solution  is  cooled  and  maintained  at  25.0°  ±  0.1  °  C.  in  a  thermo¬ 
statically  controlled  bath,  20.00  ml.  of  1.000  .V  ethanolic  sodium 
hydroxide,  also  maintained  at  25.0°  *  0.1°  C.,  are  added,  and 
the  contents  are  mixed  by  rotating.  The  flask  is  rotated  about 
every  5  minutes  At  the  end  of  15  minutes  the  reaction  is 
quickly  stopped  by  the  addition  of  15  ml.  of  nitric  acid,  1  to  3. 
t  he  flask  is  removed  from  the  bath,  and  30.00  ml.  of  0.1  N  silver 
nitrate,  3  ml.  of  10%  ferric  alum  indicator,  and  5  ml.  of  nitro¬ 
benzene  are  added.  The  flask  is  stoppered  and  shaken  a  few 
seconds  to  coagulate  the  precipitate  and  coat  the  particles  of 
si  ver  chloride  (2).  The  stopper  is  washed  down  and  the  excess 
silver  nitrate  is  titrated  with  0. 1  Ar  ammonium  thiocyanate.  The 
per  cent  chloride  ion  formed  is  calculated: 


Ml.  of  0.1  N  AgN03  X  0.3546  =  %  chloride 

The  per  cent  of  p,p'-DDT  js  calculated  from  the 
cnlonde  : 


per  cent 


(%  chloride  X  11)  -  9.30  =  %  p,p'- DDT  in  sample 

DDT  Dust  Mixtures  Not  Containing  Sulfur  or  Organic 
•  f  hiocyanates.  Total  DDT.  Dust  mixtures  containing  un¬ 
known  amounts  of  DDT  must  first  be  analyzed  for  percentage  of 
total  DDT.  • 


Samples  containing  5  to  80%  of  total  DDT  can  be  ignited  in  a 
Farr  peroxide  bomb,  or  refluxed  with  metallic  sodium  and  iso- 
rine^  aKohol  (74)  and  total  DDT  calculated  from  total  chlo- 


Ml.  of  0.1  N  AgN03  X  0.7092 
sample  weight 


%  total  DDT 


Samples  containing  1  to  5%  of  DDT  are  most  conveniently 
analyzed  by  the  Gunther  method  (7),  using  5  to  10  grams  of 
sample  winch  is  refluxed  15  minutes  with  30  ml.  of  N  ethanolic 
potassium  or  sodium  hydroxide.  The  flask  is  cooled  and  the 
solution  acidified  with  dilute  nitric  acid.  An  excess  of  0.1  N 
silver  nitrate,  3  ml.  of  ferric  alum  solution,  and  5  ml.  of  nitroben- 
zene  are  added  and  the  flask  is  shaken  to  coagulate  and  cover 
the  silver  chloride  particles.  The  excess  0.1  N  silver  nitrate  is 
titrated  with  0.1  A  ammonium  thiocyanate: 


Ml.  of  0.1  N  AgNCh  X  3.546 

sample  weight 


=  %  total  DDT 


V,p'-DDT.  The  per  cent  total  DDT  divided  into  100  yields 


the  sample  weight  in  grams  equivalent  to  1.000  gram  of  tot; 
DDT.  This  sample  weight  is  run  through  the  same  procedui 
used  for  technical  and  purified  DDT.  Dusts  of  high  DDT  cor 
tent  can  usually  be  titrated  for  the  chloride  produced  by  the  de 
hydrochlorination  reaction  without  first  filtering. 


Aua  ou.uu  mi  ot  u.l  A  silver  nitrate,  3  ml.  of  ferric  alum  indica 
tor,  and  o  ml.  of  mtrobenzene,  shake,  and  titrate  with  0.1  N  am 
monium  thiocyanate.  Calculate  the  per  cent  chloride  forme, 
and  Irom  this  the  percentage  of  p,p'- DDT 
Example.  If  total  DDT  is  5.68%,  then  100/5.68  =  17  60' 

dnx-hlomiatmn11*  t0  1'0°°  gram  °f  t0tal  DDT  subject  to  dehy 


30.00  ml.  of  0.1  N  AgN03  -  9.60  ml.  of  0.1  N  NH.SCN  =  20.41 
ml.  of  0.1  N  AgN03  used. 

20.40  X  0.3546  =  7.23%  chloride  ion  formed  during  dehydro 
chlorination.  J 

[7£3X  n)  -?.30  =  70.23%  of  the  total  DDT  is  p.p'-DDT. 

5.b8%  total  DDT  in  sample  multiplied  by  0.7023  =  3  999 
p,p'-DDT  in  sample.  '  ' 


The  inert  fillers  usually  do  not  obscure  the  end  point.  Dust: 
of  low  DDT  content  containing  a  large  amount  of  insoluble  fille; 
must  usually  be  filtered  following  the  dehydrochlorination  reac 
tion,  carefully  washing  all  soluble  chloride  from  the  filler.  Sue 
tion  should  not  be  used  because  of  the  possibility  of  losing  chlo¬ 
ride  from  the  acid  solution. 

DDT  Dust  Mixtures  Containing  Sulfur.  Total  DDT 
Samples  containing  10%  or  more  total  DDT  are  first  analyzed  foi 
total  DDT  by  using  a  Parr  bomb.  Low  percentage  DDT-sulfui 
mixtures  containing  1  to  10%  DDT  and  50  to  90%  sulfur  can  be 
analyzed  by  the  Gunther  method  (7)  if  modified  as  follows: 


A  sample  weight  large  enough  to  give  an  accurate  titration — 
i.e.,  5  grams  of  a  dust  coutaining  5 %  total  DDT — is  refluxed  10 
minutes  with  25  to  40  ml.  of  acetone.  The  flask  is  cooled  in  an 
ice  bath  or  refrigerator  for  about  an  hour  to  reduce  the  solubility 
of  sulfur  in  acetone.  The  sulfur  is  filtered  off,  using  a  small 
Buchner  funnel  and  suction,  and  washed  twice  with  cold  acetone 
the  acetone  in  the  filtrate,  containing  the  DDT,  is  boiled  off  on 
a  steam  bath  with  the  aid  of  a  stream  of  air,  being  heated  only 
long  enough  to  remove  the  acetone.  The  DDT  residue  is  re- 
fluxed  with  30  ml.  of  N  ethanolic  potassium  or  sodium  hydroxide 
for  15  minutes  and  cooled.  A  measured  excess  of  0.1  N  silver 
nitrate,  50  ml.  of  distilled  water,  and  a  few  Carborundum  chips 
are  added  to  the  flask,  and  the  flask  is  boiled  gently  on  a  hot  plate 
until  most  of  the  alcohol  is  boiled  off.  The  flask  is  cooled  slightly, 
20  ml.  of  1  to  1  nitric  acid  are  added,  and  the  solution  is  boiled 
until  all  silver  sulfide  is  decomposed.  Care  must  be  taken  to  pre¬ 
vent  loss  through  bumping.  The  flask  is  cooled,  3  ml.  of  ferric 
alum  solution  and  5  ml.  of  nitrobenzene  are  added,  the  flask  is 
stoppered  and  shaken,  and  the  excess  silver  nitrate  is  titrated, 
i  he  per  cent  total  DDT  is  calculated  using  the  factor  3.546. 

P.P'-DJAT.  A  sample  weight  equivalent  to  1.000  gram  of 
total  DDT,  calculated  from  the  total  DDT  percentage,  is  re¬ 
fluxed  with  40  ml.  of  acetone  for  10  minutes,  then  cooled  in  an 
ice  bath  or  refrigerator.  The  sulfur  is  filtered  off  by  suction,  and 
the  filtrate  is  caught  in  a  250-ml.  J  Erlenmeyer  flask.  The  filter 
is  washed  twice  with  cold  acetone.  The  acetone  is  boiled  off  on 
a  steam  bath  using  an  air  stream  (avoid  heating  after  the  removal 
of  acetone).  The  DDT  residue  is  then  refluxed  with  75.0  ml.  of 
alcobol>  cooled,  and  dehydrochlorinated  at  25.0°  ± 
0.1  C.  for  15  minutes  with  20.00  ml.  of  1.000  N  ethanolic  sodium 
hydroxide.  The  reaction  is  stopped  by  adding  15  ml.  of  1  to  3 
nitric  acid.  The  flask  is  removed  from  the  bath,  30.00  ml.  of 
0.1  A  silver  nitrate,  50  ml.  of  distilled  water,  and  Carborundum 
chips  are  added  to  the  flask,  and  the  flask  is  heated  on  a  hot  plate 
until  most  of  the  alcohol  has  boiled  off.  Then  20  ml.  of  1  to  1 
nitric  acid  are  added  and  the  solution  is  boiled  until  all  silver 
s“™e,  is  decomposed.  The  flask  is  cooled,  and  after  addition 
of  ferric  alum  solution,  and  nitrobenzene  and  shaking,  the  excess 
0-1  A  silver  nitrate  is  titrated.  The  percentage  chloride  and 
p,p  -DDT  are  calculated  as  in  DDT  dust  mixtures  not  containing 
sulfur. 


DDT  Dust  Mixtures  Containing  Organic  Thiocyanates. 
Total  DDT.  Total  DDT  in  the  sample  can  be  determined  from 
total  chloride  by  using  a  Parr  bomb.  The  Gunther  method  (7) 
can  be  used  on  low  percentage  DDT  samples  if  modified.  Alkali 
hydroxides  react  with  organic  thiocyanates  to  form  cyanides  and 
cyanates  (■ 9 ),  which  react  with  silver  nitrate,  causing  high  results. 
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The  sample  is  refluxed  with  ethanolic  potassium  or  sodium  hy- 
Iroxide,  cooled,  and  filtered  into  a  separatory  funnel;  the  filter  is 
cashed  thoroughly.  The  filtrate  is  acidified  slightly  with  dilute 
nitric  acid  and  extracted  twice  with  25-ml.  portions  of  petroleum 
■ther  to  remove  the  dichloroethylene  derivative  of  DDT.  The 
;ubsequent  boiling  with  nitric  acid  would  yield  chloride  if  the 
DDT  olefin  was  not  removed.  The  lower  aqueous  layer  is 
irained  into  a  400-  or  600-ml.  beaker.  The  petroleum  ether  lay- 
>rs  are  washed  twice  with  water,  and  the  washings  are  added  to 
,he  beaker.  A  measured  excess  of  0.1  A  silver  nitrate  is  added 
,o  the  beaker,  followed  by  25  ml.  of  concentrated  nitric  acid  and 
'i  few  boiling  chips.  The  beaker  is  covered  with  a  watch  glass, 
>oiled  down  on  a  hot  plate  almost  to  dryness,  and  cooled  slightly, 
.0  ml.  more  of  nitric  acid  are  added,  and  the  contents  are  again 
>oiled  down  almost  to  dryness.  Silver  cyanate  and  cyanide  are 
lecomposed  by  boiling  nitric  acid  (11).  The  beaker  is  cooled 
md  the  contents  are  washed  into  a  250-ml.  Y  Erlenmeyer  flask. 
Vfter  the  addition  of  ferric  alum  and  nitrobenzene  and  shaking, 
he  excess  0.1  A  silver  nitrate  is  titrated  and  the  per  cent  total 
DDT  calculated  as  described  for  mixtures  not  containing  sulfur. 

p,p'-DDT.  Using  a  sample  weight  equivalent  to  1.000  gram 
)f  total  DDT,  the  sample  is  dehydrochlorinated  with  20.00  ml. 
)f  1.000  A  ethanolic  sodium  hydroxide  for  15  minutes  at  25.0°  ± 
;).1°  C.,  stopping  the  reaction  with  15  ml.  of  1  to  3  nitric  acid. 
The  contents  of  the  reaction  flask  are  filtered  through  a  coarse 
raper  into  a  separatory  funnel.  The  use  of  suction  is  to  be  avoided 
because  of  possible  chloride  loss.  The  filter  is  washed  with 
vater  sufficiently  to  remove  soluble  chloride.  The  combined 
iltrate  and  washings  are  extracted  twice  with  petroleum  ether 
;o  remove  DDT  olefin,  and  the  lower  layer  is  drained  into  a  600- 
nl.  beaker.  The  petroleum  ether  layers  are  washed  twice  with 
vater  and  the  washings  are  added  to  the  beaker.  Then  30.00 
nl.  of  0.1  A  silver  nitrate,  25  ml.  of  concentrated  nitric  acid,  and 
i  few  boiling  chips  are  added.  The  beaker'  is  covered  with  a 
vatch  glass  and  the  solution  boiled  down  almost  to  dryness  on  a 
lot  plate.  The  beaker  is  cooled  slightly,  10  ml.  of  nitric  acid  are 
idded,  and  it  is  again  boiled  down.  The  beaker  is  cooled  and  the 
:ontents  are  washed  into  a  Y  Erlenmeyer  flask.  Ferric  alum  and 
litrobenzene  are  added,  the  flask  is  shaken,  and  the  excess  silver 
litrate  titrated.  The  per  cent  p,p'-DDT  is  calculated. 

PROCEDURE  FOR  OIL  SOLUTIONS 

Total  DDT.  The  Gunther  method  (7)  is  the  most  convenient 
nethod  for  determining  the  percentage  of  total  DDT  in  oil  solu¬ 
tions. 

A  sample  of  the  DDT  oil  solution,  weighing  5  to  20  grams,  is  re¬ 
fluxed  with  30  ml.  of  approximately  A  ethanolic  potassium  or  so¬ 
lium  hydroxide  for  15  minutes.  The  flask  is  cooled  and  acidified 
slightly  with  dilute  nitric  acid,  and  the  contents  are  washed  into 
a,  separatory  funnel.  The  lower  layer  is  drained  into  a  250-ml. 
Y  Erlenmeyer  flask,  and  the  upper  layer  is  washed  twice  with 
water,  the  washings  being  added  to  the  flask.  A  measured 
amount  of  0.1  A  silver  nitrate,  known  to  be  an  excess,  is  added 
to  the  flask  along  with  3  ml.  of  ferric  alum  solution  and  5  ml.  of 
nitrobenzene.  The  flask  is  stoppered  and  shaken,  and  the  excess 
D/1  A  silver  nitrate  titrated  with  0.1  A  ammonium  thiocyanate. 
Total  DDT  is  calculated  using  the  factor  3.546,  as  for  DDT  dust 
mixtures. 

When  organic  thiocyanates  are  present,  the  method  must  be 
modified  as  follows: 

The  weighed  sample  is  refluxed  as  described  above,  cooled,  and 
transferred  to  a  separatory  funnel.  It  is  then  acidified  with 
dilute  nitric  acid,  and  extracted  twice  with  25-ml.  portions  of  pe¬ 
troleum  ether  to  remove  the  dichloroethylene  derivative  of  DDT. 
The  lower  layer  is  drained  into  a  600-ml.  beaker.  The  oil  layer 
is  washed  twice  with  water  and  the  washings  are  added  to  the 
beaker.  A  measured  excess  of  0.1  A  silver  nitrate,  25  ml.  of 
concentrated  nitric  acid,  and  a  few  boiling  chips  are  added  to  the 
beaker.  The  beaker  is  covered  with  a  watch  glass,  and  boiled 
down  almost  to  dryness  on  a  hot  plate.  The  beaker  is  cooled, 
:and  10  ml.  more  nitric  acid  are  added  and  the  contents  boiled 
down  again.  After  cooling,  the  contents  are  washed  into  a  250- 
ml.  Y  Erlenmeyer  flask.  On  adding  ferric  alum  and  nitroben¬ 
zene  and  shaking,  the  excess  silver  nitrate  is  titrated  with  0.1  A 
ammonium  thiocyanate.  Total  DDT  is  calculated  using  the 
factor  3.546. 

p,p'-DDT.  A  sample  weight  equivalent  to  0.500  gram  of 
total  DDT,  calculated  from  the  per  cent  total  DDT,  is  weighed 
into  a  250-ml.  Erlenmeyer  flask.  The  volume  of  this  weight  of 
i  sample  is  calculated  by  dividing  the  sample  by  the  density.  This 
volume  is  subtracted  from  100,  giving  the  number  of  milliliters  of 


kerosene  to  be  added  to  the  flask  to  make  a  total  solution  volume 
of  100.0  ml.  The  flask  is  placed  in  a  thermostatically  controlled 
bath  and  maintained  at  25.0°  =*=  0.1°  C.  An  18-  or  20-mm. 
glass,  two-blade  stirrer,  is  placed  in  the  flask,  so  that  the  blades 
are  just  ofi  the  bottom  of  the  flask.  While  the  oil  solution  is 
stirred  at  700  to  800  r.p.m.,  20.00  ml.  of  1.000  A  ethanolic  sodium 
hydroxide,  also  maintained  at  25.0°  =*=  0.1  °  C.,  are  added  and  the 
reaction  is  allowed  to  continue  15  minutes.  The  reaction  is 
stopped  by  the  addition  of  15  ml.  of  1  to  3  nitric  acid.  The 
stirrer  is  stopped  and  the  contents  of  the  flask  are  washed  into  a 
separatory  funnel.  The  lower  layer  is  drawnoff  into  a  250  ml.  Y 
Erlenmeyer  flask.  The  oil  layer  is  washed  twice  with  water  and 
the  washings  are  added  to  the  flask.  The  per  cent  chloride 
formed  is  determined  by  adding  10.00  ml.  of  0.1  A  silver  nitrate, 
3  ml.  of  ferric  alum  solution,  and  5  ml.  of  nitrobenzene,  shaking, 
and  titrating  the  excess  silver  nitrate  with  0.1  A  ammonium 
thiocyanate: 


Ml.  of  0.1  A  AgN03  X  0.3546 
0.5 


=  %  chloride 


(%  chloride  X  23)  —  16.90  =  %  p,p'-DDT  in  total  DDT 


%  total  DDT  X  %  p,p'-DDT 
100 


=  %  p,p'-DDT  in  sample 


If  organic  thiocyanates  are  present,  the  above  procedure  is 
modified. 


The  sample  and  kerosene  are  dehydrochlorinated  as  described 
above,  20.00  ml.  of  1.000  A  ethanolic  sodium  hydroxide  are 
added  whrle  stirring  at  700  to  800  r.p.m.,  the  reaction  is  allowed 
to  proceed  15  minutes  and  then  stopped  by  adding  15  ml.  of  1  + 
3  nitric  acid.  The  reaction  mixture  is  washed  into  a  separatory 
funnel,  and  extracted  twice  with  25-ml.  portions  of  petroleum 
ether.  The  lower  layer  is  drained  into  a  600-ml.  beaker.  The 
oil  layers  are  washed  twice  with  water  and  the  washings  are 
added  to  the  beaker.  Then  10.00  ml.  of  0.1  A  silver  nitrate, 
25  ml.  of  concentrated  nitric  acid,  and  a  few  boiling  chips  are 
added  to  the  beaker.  The  beaker  is  covered  with  a  watch  glass 
and  the  solution  boiled  down  almost  to  dryness  on  a  hot  plate. 
The  beaker  is  cooled,  10  ml.  more  .of  concentrated  nitric  acid  are 
added  and  the  solution  is  again  boiled  down.  When  cool,  the 
contents  are  washed  into  a  250-ml.  Y  Erlenmeyer  flask.  Ferric 
alum  solution  and  nitrobenzene  are  added,  the  flask  is  shaken, 
and  the  excess  0.1  A  silver  nitrate  is  titrated  with  0.1  A  am¬ 
monium  thiocyanate.  The  per  cent  chloride  formed,  and  per 
cent  p,p'-DDT  are  calculated  as  described  for  regular  oil  solu¬ 
tions  of  DDT. 


DISCUSSION 

Preliminary  tests  indicated  that  a  sample  weight  of  1.000  gram 
of  total  DDT  was  about  optimum  for  dry  materials.  Larger 
sample  weights  gave  only  slightly  more  chloride  ion  on  dehydro¬ 
chlorination,  which  was  offset  by  an  increase  in  interfering  sub¬ 
stances. 

Tests  were  run  to  determine  the  effect  of  agitation  during  de¬ 
hydrochlorination  of  DDT  dust  samples.  Identical  results  were 
obtained  when  the  reaction  mixture  was  stirred  continually  at  700 
r.p.m.,  or  just  mixed  by  rotating  the  flask  three  times  during  the 
15-minute  period. 

Most  DDT  oil  sprays  contain  at  least  1  %  total  DDT  by  weight. 
In  order  to  keep  the  solution  volume  to  a  minimum,  a  sample 
weight  equivalent  to  0.500  gram  of  DDT  was  used.  The  addi¬ 
tion  of  alcohol  to  the  oil  solution  was  found  inadvisable  because 
the  alcohol  dilutes  the  ethanolic  sodium  hydroxide,  producing  less 
chloride  ion  during  dehydrochlorination. 

Attempts  to  use  1.000  A  butanolic  sodium  hydroxide  in  place 
of  ethanolic  sodium  hydroxide  for  the  dehydrochlorination  of 
DDT  in  oil  solutions  were  unsuccessful. 

The  Gunther  method  (7)  gives  slightly  higher  results  for  total 
DDT  than  total  DDT  calculated  from  total  chlorine.  Tests  in¬ 
dicated  that  the  percentage  of  p,p'-DDT,  in  samples  containing 
5%  or  less  of  DDT  was  closer  to  theoretical  when  total  DDT  was 
determined  by  the  Gunther  method  (7)  than  when  total  DDT  was 
calculated  from  total  chlorine. 

An  accuracy  of  2%  p,p'-DDT  can  be  expected  for  most  dry 
DDT  mixtures,  and  4%  p,p'-DDT  oil  sprays.  Pyrethrins  can 
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Table  I.  Determination  of  p,p'-DDT  in  Dust  Mixtures  of  Known 

Composition 

%  p,p'-DDT 


Sample  No. 

Composition 

In  Sample 

Found 

%  Recovery 

1 

20%  DDT  (total) 
80%  talc 

15.41 

15.40 
15 . 36 

Av. 

15.38 

99.81 

2 

10%  DDT  (total) 
90%  talc 

7.88 

7.85 

7.82 

Av. 

7.84 

99.49 

3 

5%  DDT  (total) 
50%  sulfur 

45%  talc 

3.85 

Av. 

3.91 

3.90 

3.91 

101.56 

4 

5%  DDT  (total) 
50%  sulfur 

45%  talc 

3.94 

Av. 

4.05 

4.03 

4.04 

102.54 

5 

10%  DDT  (total) 
85.25%  talc 

4.75%  Lethane  60a 

7.34 

Av. 

7.32 

7.26 

7.29 

99.32 

C 

10%  DDT  (total) 
88.8  %  talc 

0-2  %  pyrethrins 

1.0  %  oil 

7.63 

Av. 

7.22 

7.21 

7.22 

94.63 

7 

10%  DDT  (total) 
89.4  %  talc 

0.1  %  pyrethrins 

0.5  %  oil 

7.88 

Av. 

7.52 
7.54 

7.53 

99.56 

a  Contains  ^-thiocyanoethyl  esters  of  aliphatic  fatty  acids  averaging  10  to 
18  carbon  atoms. 


Table  II. 


Sample  No. 


1 

2 

3 

4 

5 

6 

7 

8 


Comparative  Analyses  of  Commercial  DDT  Samples 

Per  Cent  p,p'-DDT  Found 

Crystallization 

Dehydrochlorination 

method 

method 

Difference 

Technical  and  Purified  Grade  DDT  Samples 

75.07 

74.85 

0.22 

77.07 

76.28 

0.79 

77.95 

78.04 

0.09 

78.76 

78.36 

0.40 

86.04 

85.74 

0.30 

89.10 

88.82 

0.28 

97.00 

96.85 

0.  15 

99.45 

98.74 

0.71 

Average  difference 

0.37 

Commercial  DDT  Dust  Mixtures  (Not  Containing  Sulfur) 


45106° 

5.36 

5.44 

0.08 

44398 

8.19 

8.  12 

0.07 

44239 

13.22 

12.95 

0.27 

44327 

18. 17 

18.89 

0.62 

44889 

37.34 

37.47 

0. 13 

43929 

39.11 

39.20 

0.09 

43923 

39.63 

38.82 

0.81 

Average  difference 

0.30 

Commercial  DDT  Dusts  Containing  50%  Sulfur 

45110 

3.43 

4.28 

0.85 

45072 

3.83 

4.03 

0.20 

45114 

3.97 

4.16 

0. 19 

451116 

4.95 

4.36 

0.59 

Average  difference 

0.46 

°  Contains  /S,/S'-dithiocyanodiethyl  ether. 

6  Contains  basic  sulfates  of  copper  and  zinc  and  2.10%  sulfur. 


cause  an  error  of  5%  p,p'-DDT  in  dust  formulations.  Duplicate 
results  should  agree  within  0.5%  p,p'- DDT. 

The  values  of  p,p'-DDT  obtained  by  the  method  described  are 
relative  to  the  crystallization  method  as  a  standard.  There  is  no 
method  known  to  give  the  true  values  of  p,p'- DDT  in  technical 
DDT,  though  the  crystallization  method  gives  results  which  are 
believed  to  be  closest  to  the  truth. 

SOURCE  OF  ERROR 

A  source  of  error  is  the  presence  of  water-soluble  chlorides  in 
some  types  of  commercial  DDT  dusts.  The  presence  of  0.1% 
water-soluble  chloride  will  cause  a  positive  error  of  1.0%  total 
DDT  if  the  Gunther  method  (7)  is  used.  This  would  lower  the 
sample  weight  equivalent  to  1.000  gram  of  total  DDT  and  cause 
an  error  in  p,p'-DDT  content.  Only  four  samples  of  the  many 
analyzed  were  found  to  contain  appreciable  amounts  of  water- 
soluble  chlorides.  Their  presence,  once  established,  can  usually 


Table  III.  Determination  of  Known  Amounts  of  p,p'-DDT  in  Oi 

Solutions 


Sample  No.  Composition 

%  P.P'- 

■DDT 

In  sample 

Found 

%  Recovery 

1  Kerosene  solution3 

1.53 

101  31 

2  Spray  oil  solution** 

3  Kerosene  solution 

4.23 

4.45 

105.20 

0.1%  pyrethrins 

4  Kerosene  solution 

1.55 

1.61 

103.87 

5%  Lethane  60° 

2.68 

2.58 

96.27 

“  Specific  gravity  0.7940  at  20.0°  C. 

\  Light-medium  emulsible  spray  oil,  specific  gravity  0. 8729  at  20.0°  C. 
Contains  0-thioeyanoethyI  esters  of  aliphatic  fatty  acids  averaging  10  tc 
18  carbon  atoms. 


Table  IV.  Effect  of  Time  on 

Dehydrochlorination 

Reaction  Time 

Chloride  Formed 

Min. 

% 

5 

6.45 

7 

7.09 

10 

7. 52 

15 

7.77 

20 

7.91 

Table  V.  Effect  of  Stirring  Speed  on  Dehydrochlorination  of  DDT 

in  Oil  Solutions 

Stirring  Speed  Chloride  Formed 


R.p.m. 


% 


500 

700 

800 


3.79 

4.03 

4.04 


be  determined  quantitatively  and  a  correction  made.  If  large 
amounts  are  found  present  it  might  be  easier  to  extract  the  DDT 
with  benzene  and  determine  the  total  DDT  in  the  benzene  ex¬ 
tract.  Dust  of  unknown  composition  should  be  checked  quali¬ 
tatively  for  water-soluble  chloride  ions  before  beginning  a  quan¬ 
titative  determination  of  DDT. 

A  graph  of  Table  IV  will  show  that  any  error  due  to  the  meas¬ 
urement  of  time  during  the  dehydrochlorination  reaction  will  be 
less  at  15  minutes  than  at  any  shorter  period.  This  relationship 
holds  for  both  DDT  dusts  and  oil  solutions. 

In  the  analysis  of  DDT-sulfur  mixtures  it  is  imperative  that  all 
silver  sulfide  be  decomposed  before  back-titrating  with  thiocya¬ 
nate:  otherwise  an  appreciable  error  will  be  introduced.  A  posi¬ 
tive  error  in  total  DDT  will  cause  a  negative  error  in  the  p,p'- 
DDT  percentage.  If  the  error  occurs  only  during  the  p,p'-DDT 
determination,  the  results  will  be  high. 


ACKNOWLEDGMENT 

The  author  wishes  to  thank  Herbert  A.  Rooney,  of  this  labora¬ 
tory,  for  his  work  on  DDT  in  the  presence  of  organic  thiocyanates. 

LITERATURE  CITED 

(1)  Bailes,  E.  L.,  and  Payne,  M.  G.,  Ind.  Eng.  Chem.,  Anal.  Ed. 

17,  438  (1945). 

(2)  Caldwell,  J.  R.,  and  Moyer,  H.  V.,  Ibid.,  7,  38  (1935). 

(3)  Chaikin,  S.  W„  Ibid.,  18,  272  (1946). 

(4)  Cristol,  S.  J.,  J.  Am.  Chem.  Soc.,  67,  1494  (1945). 

(5)  Cristol,  S.  J.,  Hayes,  R.  A.,  and  Haller,  H.  L.,  Ibid.,  17,  470 

(1945). 

(6)  Fahey,  J.  E.,  J.  Assoc.  Official  Agr.  Chem.,  28,  152-8  (1945). 

(7)  Gunther,  F.  A.,  Ind.  Eng.  Chem.,  Anal.  Ed.,  17,  149  (1945). 

(8)  Hall,  S.  A.,  Schechter,  M.  S.,  and  Fleck,  E.  E.,  U.  S.  Bur.  En¬ 

tomology  and  Plant  Quarantine,  ET-211  (1944). 

(9)  Kemp,  W.  E„  Analyst,  64,  648  (1939). 

(10)  Schechter,  M.  S.,  Soloway,  S.  B.,  Hayes,  R.  A.,  and  Haller,  H.  L., 

Ind.  Eng.  Chem.,  Anal.  Ed.,  17,  704  (1945). 

(11)  Scott,  W.  W.,  “Standard  Methods  of  Chemical  Analysis”, 

5th  ed.,  p.  277,  New  York,  D.  Van  Nostrand  Co.,  1939. 

(12)  Soloway,  S.  B.,  Schechter,  M.  S.,  and  Jones,  H.  H.,  Soap  Sanit. 

Chemicals,  1946  Blue  Book,  p.  215. 

(13)  Stiff,  H.  A.,  and  Castillo,  J.  C.,  Science,  101,  440  (1945). 

(14)  Umhoefer,  Ind.  Eng.  Chem.,  Anal.  Ed.,  15,  383  (1943). 

(15)  Winter,  P.  K., Ibid.,  15,  571  (1943). 


Rapid  Electrometric  Determination  of  the  Alkalinity  of 

Sea  Water 

Us  ing  a  Gl  ass  Electrode 


DON  H.  ANDERSON1  with  REX  J.  ROBINSON 
Chemical  and  Oceanographic  Laboratories,  University  of  Washington,  Seattle,  Wash. 


)n  the  basis  of  glass  electrode  pH  measurements  of  solutions  to 
hich  known  amounts  of  dilute  hydrochloric  acid  have  been  added, 
empirical  coefficients"  have  been  calculated,  and  the  normality 
f  a  dilute  solution  of  sodium  bicarbonate  containing  a  mixture  of 
■Its  has  been  determined  with  a  precision  of  about  1  %.  The  opera- 
ons  are  illustrated  in  connection  with  determination  of  the  alkalinity 
f  sea  water.  One  measurement  of  pH  yields  the  normality  or 
ikalinity  directly  and  a  direct-reading  pH  instrument  could  be 
:aled  to  read  normality,  molarity,  or  alkalinity  directly.  The 
ictors  that  affect  the  accuracy  of  the  determination  are  listed  and 
leir  magnitudes  indicated.  All  steps  are  indicated  that  must  be 
erformed  in  developing  a  similar  procedure  for  systems  other  than 
>a  water.  Industrial  control  determinations,  and  clinical  investiga- 
ons  where  large  numbers  of  determinations  are  made,  can  be  simi- 
rly  standardized. 

“HE  term  “alkalinity”  has  been  adopted  by  the  International 
Association  of  Physical  Oceanography  (1939)  as  the  standard 
esignation  to  replace  the  terms  “titratable  base”,  “excess  base”, 
titration  alkalinity”,  and  “buffer  capacity”  of  sea  water.  It 
defined  as  being  the  number  of  milhequivalents  of  hydrogen  ion 
eutralized  by  1  liter  of  sea  water  at  20°  C.  The  alkalinity  of 
■a  water  is  primarily  due  to  the  presence  of  bicarbonates,  though 
orates,  phosphates,  arsenites,  and  silicates  are  present  in  lesser 
mounts  to  form  a  complex  buffered  system  with  a  pH  of  about  8. 
^formation  concerning  the  total  concentration  of  salts  of  these 
eak  acids  as  well  as  the  available  alkali  cannot  be  acquired  from 
single  pH  measurement  but  must  be  determined  otherwise. 
The  methods  for  the  determination  of  alkalinity  of  sea  water 
ave  been  well  summarized  by  Sverdrup,  Johnson,  and  Fleming 
3).  Because  of  the  variety  of  results  obtained  by  the  different 
lethods,  there  is  a  definite  need  for  a  standard  procedure  yielding 
ccurate  and  precise  results  which  can  be  universally  understood 
nd  compared.  None  of  the  methods  involves  any  assumptions 
3  to  the  nature  of  the  buffers  present  in  sea  water,  but  all  take 
ito  account  the  variation  in  salt  content.  The  work  of  Mitchell 
nd  Rakestraw  (2)  was  based  upon  a  titration  procedure  and 
ielded  excellent  results.  In  the  method  of  Thompson  and 
onnar  (5)  an  excess  of  standard  acid  was  added  to  the  sea-water 
imple.  The  amount  of  the  acid  that  had  been  effectively 
eutralized  by  the  sea  water  was  readily  determined  by  measur- 
ig  the  amount  of  excess  acid  colorimetrieally,  by  comparison 
ith  a  series  of  standard  tubes.  Though  the  method  is  con- 
nient,  the  standard  comparison  tubes  were  difficult  to  prepare 
d  rather  unstable. 

Some  time  ago  the  glass  electrode  was  used  at  this  laboratory 
y  Thompson  and  Anderson  (J.)  for  making  routine  pH  and 
Ikalinity  measurements  of  sea  water.  This  eliminated  some  of 
re  difficulties  of  the  earlier  methods,  but  new  considerations 
rose.  Further  investigation  of  the  use  of  the  glass  electrode  by 
ae  present  authors  in  determining  the  concentration  of  the 
xcess  acid  has  demonstrated  the  necessity  of  a  knowledge  of 

1  Present  address,  Department  of  Chemistry  and  Chemical  Engineering, 
niversity  of  Idaho,  Moscow,  Idaho. 


the  relationship  between  the  pH  of  the  solution  and  the  amount 
of  acid  added  to  sea  water  of  various  salinities.  This  involves 
the  experimental  determination  of  coefficients  which  are  em¬ 
pirical,  having  significance  only  when  applied  to  this  determi¬ 
nation  with  the  specified  conditions. 

DETERMINATION  OF  EMPIRICAL  COEFFICIENT 

The  empirical  coefficients  were  determined  from  a  series  of 
titrations  of  natural  and  artificial  sea-water  samples.  Sea  water 
is  alkaline  to  about  the  same  extent  as  a  0.002  N  sodium  bi¬ 
carbonate  solution.  One  hundred  milliliter  samples  were 
titrated  with  0.01000  N  hydrochloric  acid  until  the  pH  was  about 
3.0.  The  equivalent  point  was  taken  as  occurring  with  the  great¬ 
est  change  in  e.m.f.  per  unit  volume  of  added  acid,  at  a  pH  of 
about  4.5.  The  pH  of  the  solution  was  measured  at  frequent 
intervals  beyond  the  equivalence  point.  From  the  known 
amount  of  acid  added  and  the  experimentally  determined  alka¬ 
linity,  it  was  possible  to  determine  the  excess  acid  present.  The 
empirical  coefficient,  /h+,  was  calculated  by  dividing  ChVh+ 
obtained  from  the  pH  measurement  of  the  solution  by  the 
concentration  of  excess  strong  acid,  C h+,  as  shown  under  cal¬ 
culations.  From  this  coefficient,  C h+  in  other  similar  solutions 
can  be  calculated. 

* 

Experimental  Equipment.  The  pH  measurements  were 
made  with  Leeds  &  Northrup  glass  electrodes  No.  1199-12  and 
reference  electrodes  No.  1199-13.  These  were  connected  with  a 
Leeds  &  Northrup  vacuum  tube  amplifier  to  a  Type  K2  potenti¬ 
ometer. 

Experimental  Procedure.  The  electrodes  were  standard¬ 
ized  according  to  the  method  recommended  by  Dole  ( 1 )  against 
a  potassium  acid  phthalate  solution,  which  was  prepared  from 
salt  obtained  from  the  National  Bureau  of  Standards  according 
to  directions  supplied  by  the  bureau.  An  additional  check  was 
made  as  recommended  by  Dole  against  sodium  borate.  The 
E  0  values  were  determined  before  each  series  of  titrations,  using 
Equation  1 : 

E°  =  E-2-^pK  (1) 

A  concentrated  synthetic  sample  of  sea  water  having  the 
following  composition  was  prepared  from  carefully  purified  salts: 
NaCl,  0.4920  M;  MgCl2,  0.0646  M;  Na2S04,  0.0338  M;  CaCl2, 
0.0138  M;  KC1,  0.0123  M;  NaHC03,  0.0026  M.  Solutions  for 
titration  were  prepared  by  dilution  of  this  concentrated  solution. 

Eight  samples  of  natural  and  four  samples  of  artificial  sea 
water  ranging  in  ionic  strength  from  about  0.07  to  1.0,  were 
titrated.  The  chlorinity  range  was  from  about  2.0  to  29  grams 
of  halides  per  liter  of  sea  water.  The  pH  of  the  sea  water  varied 
between  7.8  and  8.2.  During  titrations  the  solution  tempera¬ 
ture  was  maintained  constant  within  1 0  between  22°  and  25°  C. 

Calculations.  The  pH  was  calculated  using  Equation  1, 
the  “glass  electrode  hydrogen-ion  activity”,  Ch+/h+,  according 
to  Equation  2 

pH  =  -log  Ch+/h+  (2) 

and  the  normality  of  the  excess  strong  acid  according  to  Equa¬ 
tion  3 

_  (ml.  of  excess  HCl)(iVHCl) 

H  (ml.  of  sample  +  ml.  of  HC1) 

Example.  A  100-ml.  sample  of  sea  water  plus  25.93  ml.  of 
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Table  I. 

HC1, 

Ml. 

23.93 
24.13 
24.33 
24.53 

24.93 
25.43 

25.93 
26.92 

29.94 
34.91 
39.90 
44.80 


Coefficient  Data  for  Sample,  Cl  =  1  8.83  Grams  per  Liter 


pH 

(CH+/H+)(100 

(CH  +)  (105) 

/h  + 

4.370 

4.266 

3.31 

1.29 

4.280 

5.248 

4.91 

1.07 

4.195 

6.397 

6.51 

0.984 

4 . 125 

7.465 

8.12 

0.920 

4.015 

9.638 

11.3 

0.854 

3.900 

12.62 

15.2 

0.836 

3.810 

15.49 

19.2 

0.807 

3.670 

21,38 

26.8 

0.798 

3.420 

38.11 

49.3 

0.773 

3 . 195 

63.83 

84.4 

0.756 

3.050 

88.92 

117.0 

0.760 

2.950 

112.5 

147.3 

0.764 

Table  II. 

Summary 

of  fu+  Data 

Sample 

Cl,  Grams 
per  Liter 

pH  Range 

fa* 

Average 

Deviation 

1 

2.09 

4 

.07-2 

.93 

0.844 

0 

.010 

2 

2.84 

4 

.00-3 

.04 

0.798 

0 

.006 

3 

7.03 

3 

.95-2 

.98 

0.764 

0 

.007 

4 

9.60 

4 

.09-3 

.03 

0.757 

0 

005 

'  5 

12.31 

3. 

62-3 

01 

0.748 

0 

007 

6 

15 . 38 

4. 

01-2 

.95 

0.746 

0, 

.009 

7 

15 . 86 

3 

92-3 

03 

0.763 

0. 

010 

8 

16.97 

3. 

69-3 

.01 

0.766 

0, 

016 

9 

18.83 

3. 

81-2. 

95 

0.777  ’ 

0 

016 

10 

10 . 56 

3. 

94-3. 

08 

0.763 

0. 

007 

1 1 

23.44 

3. 

98-2. 

93 

0.777 

0 

011 

12 

28.93 

3. 

99-3. 

02 

0.768 

0. 

005 

ucickmmnauon  OF  ALKALINITY  OF  SEA  WATER 


Exactly  25.00  ml  of  0.01000  N  hydrochloric  acid  are  placed 
a  clean  dry  135-ml.  glass-stoppered  bottle  that  has  been  ag< 
tor  several  months  with  hydrochloric  acid  having  a  pH  of  abo 
3.5.  A  100-ml.  sample  of  sea  water  is  pipetted  into  the  bottl 
the  sample  is  brought  to  the  desired  temperature,  and  the  p 
is  measured.  This  measurement  may  be  made  aboard  ship  b 
the  treated  sample  may  be  safely  retained  and  the  pH  measun 
more  conveniently  ashore.  As  indicated  in  Equation  7  tl 
normality  of  the  excess  strong  acid,  CH,  is  calculated  by  dividii 
h.H  H  °btained  from  the  pH  measurement  of  the  solution  1 
the  appropriate  coefficient,  /H,  for  the  water  being  analyzed. 


C'h+/h 


/h4 


( 


By  substituting  the  Ch+  value  in  the  following  equatio 
calculated- by  Th°mpson  and  Bonnar.  the  alkalinity  may  1 


AJiali”ity  "  [(ml.  ofsample)  <mL  »f  HC»  HC»]  ' 

K1000  \  “| 

ml.  of  sample/  (mL  of  samPle  +  mL  of  HC1)  (Ch+)  J  (• 

Since  all  the  above  factors  are  fixed  except  the  alkalinity  ar 
the  Ch+,  Equation  8  becomes 


Alkalinity  =  2.500  — 


(1250)  (^(H+) 


hydrochloric  acid  yielded  a  solution  with  a  pH  of 
3.81.  I  he  equivalence  point  occurred  at  23.52  ml.  of  the  acid 
1  here  fore, 

r„+  _  (25-93  -  23.52)  (0.00999) 

(100  +  25.93) -  =  19-2  X  10  5  equivalent  per  liter 


C'h+/h+  =  15.49  X  10~6  at  pH  3.81 


(5) 


and  it  is  possible  to  prepare  tables  or  graphs  which  will  rek 
pH  or  the  Ch+/h+  and  alkalinity  for  a  certain  chlorinity  ran 
where  no  significant  variation  in/H+  occurs.  Furthi 
^  more,  it  is  possible  to  scale  a  pH  meter  so  tl 
it  will  be  a  direct-reading  instrument  for  t 
alkalinity  or  for  the  normality  of  the  sea  wat 


/h+ 


_  Ch+/h+ 

Ch+ 

« 


15.5  X  10-5 
19.2  X  lO"6 


0.807 


(6) 


The  /h+  values  were  not  constant  throughout  the  pH  range 
investigated;  the  variations  in  the  values  are  given  for  one 
sample  in  Table  I. 

The  data  for  the  twelve  samples  titrated  are  given  in  Table  II 
and  in  Figure  1.  The  pH  range  over  which  the  coefficients  were 
sensibly  constant  is  given  for  each  sample. 

In  these  measurements  the  limiting  factor  was  pH.  The 
reproducibility  of  the  pH  measurements  was  ±0.005  pH  unit, 
which  amounts  to  a  1.2%  variation  in  the/H+  values. 

The  variation  of  /h+  with  pH  is  considered  to  be  due  to  the 
decreasing  ionization  of  the  carbonic  acid  as  the  amount  of  excess 
hydrochloric  acid  increases.  It  is  possible,  making  certain 
assumptions,  to  correct  for  the  ionization  of  the  carbonic  acid. 
When  this  is  done  the  /h+  values  at  the  higher  pH  values  are 
lowered  and  the  results  are  in  agreement  with  those  at  low-er 
values  where  the  excess  hydrogen  ion  is  sufficient  to  repress  the 
ionization  of  the  carbonic  acid.  However,  this  must  not  be  done 
for  the  present  application  of  the  /h+  results. 

In  Figure  1  the  size  of  the  circle  indicates  the  extent  of  devia¬ 
tion  of  the  individual  measurements.  From  this  figure  the  values 
of  /h+  in  Table  III  have  been  taken. 


Ionic  Strength  after  Addition  of  25  Ml.  of  HCI 

0  0.230  0.461  0.688 


Initial  Chlorinity  per  Liter 


Figure  1.  Variation  of  Coefficient  of  Hydrogen 
Ion  with  Initial  Chlorinity  of  Sample  and  Ionic 
Strength  after  Addition  of  25  ml.  of  Acid 


To  test  the  proposed  method  three  samples  representing  i 
chlorinity  of  18.83,  12.31,  and  7.03  were  treated  with  severa 


different  amounts  of  standard  hydrochloric  acid.  The  alka 


Table  III. 

Interpolated  Values 

;  of  fa  * 

Chlorinity,  grams  per  liter 

2 

4 

6 

8 

10 

Ionic  strength 

0.072 

0.143 

0.215 

0.287 

0.359 

Coefficient 

0.845 

0.782 

0.770 

0.760 

0.755 

Chlorinity,  grams  per  liter 

12 

14 

16 

18 

20 

Ionic  strength 

0.430 

0.502 

0.574 

0.646 

0.717 

Coefficient 

0.752 

0.752 

0.754 

0.754 

0.758 

linities  were  calculated  and  compared  with  the  values  obtainei 
by  titration;  the  results  are  shown  in  Table  IV. 

These  results  indicate  a  probable  error  in  the  neighborhood  o 
1%,  which  is  not  an  unreasonable  or  unusually  high  value,  con 
sidering  that  the  concentration  of  the  solution  is  only  abou 
0.002  molar  with  respect  to  the  bicarbonate  ion. 

The  major  factors  that  influence  the  results  of  the  determi 
nation  have  been  investigated  and  the  following  conclusion; 
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btained.  If  the  pH  varies  by  ±0.01  unit  at  3.60  the  alkalinity 
ill  vary  by  ±0.5%.  This  same  percentage  variation  results 
fom  a  change  of  ±3°  or  a  change  of  ±2.5%  in  the  value  of  /h+'. 
n  error  in  measuring  the  volume  of  the  standard  acid  of  ±0.05 
d.  and  an  error  of  ±2  parts  in  1000  in  the  normality  of  the 
andard  acid  produce  a  change  of  ±0.25%,  while  an  error  of 
=0.1  ml.  in  measuring  the  volume  of  the  sample  produces  an 
■ror  of  only  ±0.15%  in  the  alkalinity  values. 

At  this  laboratory  the  acid  is  measured  with  calibrated  auto- 
latic  pipets  and  the  sample  bottles  are  usually  prepared  before 
le  ship  is  under  way.  The  sample  is  measured  using  a  measur- 
ig  pipet  described  by  Thompson  and  Anderson  (4).  The  pH 
alues  usually  encountered  are  around  3.6.  Under  abnormal 
mditions  they  may  rise  to  4.0  and  higher,  but  this  can  be 
medied  by  adding  more  acid,  which  is  a  desirable  thing  to  do, 

3  this  brings  thejH+  values  into  the  region  where  they  are  more 
early  constant. 

The  method  described  for  determining  the  alkalinity  of  sea 
ater  routinely  should  be  applicable  to  a  number  of  other  sys¬ 
tems,  such  as  wash  waters,  effluent  from  manufacturing  opera- 
ons,  urines,  blood,  and  other  biological  fluids. 

If  the  procedure  is  to  be  applied  successfully  to  other  systems, 
le  test  solutions  must  be  fairly  uniform  as  to  ionie  strength 
ad  the  concentration  of  the  unknown  material.  Then  by  using 
standard  size  sample  and  a  fixed  amount  of  reagent,  the  rela- 
onship  between  the  constituent  whose  concentration  is  being' 
stermined  and  the  pH,  or  any  electrode  e.m.f.  that  is  related 
)  the  test  substance,  can  be  determined.  Once  the  relationship 
as  been  established,  the  laborious  titration  process  can  be 
iminated.  Obviously,  where  only  an  occasional  determination 
to  be  made,  no  benefits  are  found.  However,  where  large 
umbers  of  samples  are  examined  in  routine  industrial  or  clinical 
ork,  a  considerable  saving  of  time  is  effected. 


Table  IV.  Summary  of  Calculated  Alkalinity  Values 


pH  of 

Alkalinity,  Milliequivalents 
per  Liter 

Percentage 

Sample 

Sample 

Calculated  By  titration 

Error 

A 

3.05 

2.35 

3.67 

2.33 

4.13 

2.33 

4.37 

Av. 

2.32 

2.33  2.35 

i 

B 

3.01 

1.74 

3.39 

1.72 

3.91 

Av. 

1.70 

1.72  1.71 

0.5 

C 

2.98 

1.22 

3.47 

1.22 

3.65 

Av. 

1.21 

1.22  1.21 

1 
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Accelerated  Ozone  Weathering  Test  for  Rubber 

JAMES  CRABTREE  and  A.  R.  KEMP 
Bell  Telephone  Laboratories,  Inc.,  Murray  Hill,  N.  J. 


ight-energized  oxidation  and  cracking  by  atmospheric  ozone 
e  the  agencies  chiefly  responsible  for  the  deterioration  of  rubber 
utdoors.  Since  these  processes  are  separate  and  distinct,  it  is 
roposed  to  distinguish  between  them  in  the  evaluation  of  rubber 

T  HAS  been  previously  shown  by  the  authors  ( 1 )  that  two 

separate  and  distinct  factors  are  responsible  for  the  changes 
hich  rubber  compounds  undergo  when  exposed  outdoors:  a 
ght-energized  oxidation  and  attack  by  ozone  which  is  normally 
resent  in  the  atmosphere  in  minute  concentration.  The  former 
cts  independently  of  stress  in  the  rubber,  the  latter  only  when 
re  material  is  stretched. 

Since  sunlight,  ozone,  and  temperature  vary  hourly,  daily, 
iasonally,  and  with  locality,  the  over-all  result  to  the  exposed 
laterial  will  depend  on  the  balance  between  the  causative  factors 
nd  will  be  unique,  since  any  given  combination  of  such  factors 
rill  not  be  duplicated.  It  is  therefore  essential  that  the  suscepti- 
idities  of  a  given  compound  to  damage  by  these  two  factors  be 
etermined  separately.  The  information  thus  furnished  will 
ren  permit  of  an  estimate  of  the  durability  of  the  compound 
nder  any  given  set  of  conditions. 

Damage  by  light-energized  oxidation  can  be  mitigated  to 
my  great  extent  only  by  physical  protection  from  light,  which 
an  be  partially  achieved  by  incorporation  of  carbon  black  or 
uric  oxide.  It  is  likely  to  be  the  major  factor  in  the  case  of 


for  resistance  to  weathering.  An  accelerated  test  for  susceptibility 
to  atmospheric  ozone  cracking  is  discussed.  Apparatus  for  con¬ 
ducting  the  test  and  for  measurement  of  ozone  in  minute  concentra¬ 
tion  is  described  in  detail. 

light-colored  goods.  Susceptibility  can  be  readily  gaged  by 
measurement  of  the  oxygen  absorbed  when  the  material  is  irra¬ 
diated  in  air  or  oxygen  under  controlled  conditions.  The  present 
obstacle  to  formulation  of  a  standard  test  is  the  lack  of  a  constant 
and  reproducible  light  source  simulating  sunlight. 

This  article  is  principally  concerned  with  the  ozone  factor.  In 
the  case  of  rubber  goods  containing  appreciable  loadings  of  car¬ 
bon  black,  such  as  insulated  cable  jackets  and  hose,  by  far  the 
most  important  cause  of  deterioration  is  the  familiar  cracking  at 
stressed  locations  by  the  ozone  of  the  atmosphere,  popularly  and 
erroneously  referred  to  as  “light  cracking”. 

Many  workers  have  attempted  to  use  ozone-cracking  in  the 
laboratory  as  a  measure  of  outdoor-cracking,  only  to  abandon  the 
method  because  of  failure  to  duplicate  outdoor  ratings.  The 
probable  cause  of  this  failure  has  been  found  by  the  authors  to  be 
the  use  of  too  high  concentrations  of  ozone.  Small  additions  of 
wax,  for  example,  which  would  confer  substantial  protection  to 
cracking  at  atmospheric  concentrations  of  ozone,  are  quite  with¬ 
out  effect  in  most  cases  at  concentrations  one  hundred  times 
greater.  If  ozone  concentrations  approximating  that  of  the  atmos- 
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Table  I.  Effect  of  Temperature  on  Time  Taken  to  Crack 


Temperature,  Degrees  Fahrenheit 


Compound  Wax 

80 

110 

120 

130 

140 

150 

% 

Hours 

Hours 

Hours 

Hours 

Hours 

Hours 

GR-S  cable  jacket  0 

10 

3 

i 

i 

i 

i 

1 

72 

5 

2 

i 

i 

i 

2 

400 

30 

6 

2 

i 

i 

3 

a 

a 

18 

5 

2 

i 

4 

a 

a 

60 

20 

3 

2 

5 

a 

a 

240 

60 

8 

3 

Natural  rubber 

cable  jacket  0 

3 

1.5 

1 

1 

i 

100 

2 

1 

1 

2 

300 

4 

1 

1 

3 

450 

40 

1 

1 

4 

b 

60 

1 

1 

5 

b 

85 

2 

1 

Natural  rubber 

gum  compound  0 

4 

2 

1 

1 

110 

3 

1 

2 

200 

3 

1 

3 

340 

4 

1 

4 

c 

5 

1 

°  Good  after  6  months. 

6  Good  after  3  months. 
c  Good  after  1  month. 

tective  Wax 

Ozone  coneenlraiion  25  parts  per  10s,  elongation  25% 

phere  be  used  (around  3  parts  per  100,000,000  by  volume)  out¬ 
door  exposures  can  be  closely  duplicated.  Rubber  compounds 
designed  principally  as  wire  and  cable  insulations  for  outdoor 
use  have  been  rated  in  this  way  in  these  laboratories  for  some  time 
with  considerable  success. 

The  nature  and  degree  of  cracking  of  a  given  compound  on  ex¬ 
posure  to  dilute  ozone  depend  on  the  concentration-,  the  tempera¬ 
ture,  the  degree  of  elongation,  and  whether  this  is  static  or  dy¬ 
namic  ( 1 ). 

TEST  CONDITIONS 

For  accelerated  aging  in  the  laboratory  the  authors  have  cur¬ 
rently  adopted  a  concentration  of  25  ±  2  parts  of  ozone  per  100,- 
000,000  of  air  by  volume  as  the  test  atmosphere  and  the  expira¬ 
tion  of  time  for  the  first  appearance  of  cracks  in  the  stressed 
sample  at  the  chosen  degrees  of  elongation  (usually  20  and  30%) 
and  temperature  as  the  measure  of  performance.  The  specimen 


is  examined  under  magnification  of  7  to  10  times,  which  not  onl; 
gives  results  more  quickly  but  greatly  reduces  errors  due  to  an; 
visual  defects  of  the  observer. 

Ozone  concentrations  up  to  100  parts  per  100,000,000  can  bi 
satisfactorily  used  in  mail}'  cases  of  highly  weather-resistan 
compounds  but  are  not  permissible  for  general  use.  Unfortu 
nately  in  ozone  at  25  parts  per  10s,  the  time  taken  to  crack  sue! 
compounds  at  room  temperature  is  too  long  to  be  practicable  fo: 
an  accelerated  test;  so  resort  is  taken  to  the  effect  of  increasec 
temperature. 

In  the  absence  of  protective  wax,  increase  in  temperature  re 
suits  in  more  but  much  finer  cracks  which  in  many  cases  can  b( 
recognized  only  under  magnification.  In  the  presence  of  wax 
cracks  when  formed  are  few  but  large  and  well  defined.  Raising 
the  temperature  reduces  progressively  the  effects  of  the  waxes  ir 
current  usage  till  a  point  is  reached  at  which  they  are  ineffectual 
For  a  given  wax  this  temperature  increases  with  its  concentratior 
and  is  higher  for  GR-S  compounds  then  for  natural  rubber  com¬ 
pounds.  For  example,  a  GR-S  cable  jacket,  a  natural  rubbej 
cable  jacket,  and  a  natural  rubber  gum  compound  containing 
various  additions  of  a  certain  wax,  at  25%  elongation  in  an  ozont 
atmosphere  of  25  parts  per  100,000,000  gave  the  results  showr 
in  Table  I in  hours  to  crack. 

These  values,  plotted  in  Figures  1,  2,  and  3  on  a  semilog  basis 
reveal  a  distinct  connection  between  temperature  and  wax  con¬ 
tent.  As  the  temperature  rises  a  progressive  decrease  in  cracking 
time  occurs,  the  gap  between  low  and  high  wax  additions  being 
gradually  closed,  more  rapidly  in  the  case  of  natural  rubber  com¬ 
pounds  than  in  GR-S  compounds.  It  is  this  feature  that  is  sug¬ 
gested  as  the  basis  of  accelerated  testing  of  susceptibility  to  at¬ 
mospheric  ozone  cracking.  The  temperature  of  test  chosen  foi 
a  given  type  of  compound  is  such  that  the  highest  economically 
practicable  addition  of  protective  wax  can  be  made  to  fail  in  a 
reasonable  time,  say  3  or  4  days.  This  temperature  is  obviously 
lower  for  natural  rubber  than  for  GR-S,  70°  to  80°  and  110°  F. 
being  suggested  for  the  former  and  120°  or  125°  for  the  latter, 
The  proposed  concentration  of  ozone  is  25  to  30  parts  per  100,000,- 
000  and  the  degree  of  elongation  20  or  25%.  The  criterion  ol 


Fisure  2.  Effect  of  Temperature  on  Time  Taken  to 
Crack  a  Natural  Rubber  Cable  Jacket  Compound 
Containing  Different  Amounts  of  Protective  Wax 

Ozone  concentration  25  parts  per  10s,  elongation  25% 
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performance  is  the  time  taken  for  the  first  sign  of  cracking  to 
,ppear. 

!  It  is  not  suggested  that  the  ratio  of  performance  between  low 
ind  high  wax  additions  remains  the  same  with  change  in  tem- 
>erature,  so  that  the  lower  temperature  life  may  be  determined  by 
Extrapolation  from  the  higher.  Compounds  of  known  weather¬ 
ing  performance  must  be  used  as  controls.  It  is  considered  that 
is  data  accumulate  over  a  wider  range  of  compounds  it  will  be 
jossible  to  establish  definite  performance  requirements  under 
ipecified  conditions  similar  to  those  outlined  above.  The  room 
temperature  test  is  intended  to  cover  compounds  of  low  weather- 
ng  resistance  and  to  detect  anomalies,  as,  for  example,  a  certain 


Figure  3.  Effect  of  Temperature  on  Time 
Taken  to  Crack  a  Natural  Rubber  Gum  Com¬ 
pound  Containing  Different  Amounts  of 
Protective  Wax 

Ozone  concentration  25  parts  per  10s,  elongation  25% 


Figure  4.  Anomalous  Behavior  of  an 
Experimental  Wax-Natural  Rubber  Gum 
Compound 

Ozone  25  parts  per  108,  elongation  25% 


wax  examined  by  the  authors  which  is  actually  highly  efficient 
at  120°  F.  but  performs  poorly  at  room  temperature  (Figure  4). 

TEST  APPARATUS 

Essential  to  the  test  are  means  of  furnishing  and  maintaining 
uniformly  an  atmosphere  of  ozone  of  the  required  concentration. 
This  is  readily  and  most  conveniently  accomplished  by  passing 
air  or  oxygen  over  a  mercury  vapor  lamp  having  an  envelope  of 
quartz  or  glass  transmitting  short-wave  ultraviolet  light.  Ozone 
is  formed  from  the  oxygen  by  the  short-wave  ultraviolet  light. 


O 


For  laboratory  use  modifications  of  the  apparatus  shown  in 
Figure  16  of  the  previous  paper  ( 1 )  are  used.  With  this  arrange¬ 
ment  a  flow  ranging  up  to  1  cubic  meter  of  air  per  hour  can  be 
supplied  at  concentrations  from  5  to  several  hundred  parts  of 
ozone  per  108.  The  higher  the  flow  the  lower  the  concentration. 
The  ozone  produced  will  decrease  rather  rapidly  at  first  but 
more  slowly  after  a  hundred  hours  or  so,  permitting  a  very  uni¬ 
form  output,  providing  temperature  and  voltage  are  kept  uni¬ 
form  and  thfe  humidity  of  the  air  supply  has  no  extreme  varia¬ 
tions.  The  lamps  should  burn  continuously.  Used  in  this  way 
they  function  for  several  months. 

In  the  past  the  authors  have  made  considerable  use  of  the  G.E. 
germicidal  lamp  as  ozone  generator,  since  the  yield  was  much  less 
and  easier  to  control  than  with  the  quartz  tube.  However,  the 
nature  of  the  glass  in  this  lamp  has  recently  been  modified  so  as 
to  reduce  the  ozone  output,  making  it  practically  useless  as  an 
ozone  generator.  The  lamp  in  current  use  for  the  purpose  is  the 
Hanovia  Safe-t-aire  lamp,  a  mercury  vapor  discharge  tube  in 
quartz.  This  lamp  (Catalog  No.  2851)  has  normally  a  30-cm. 
(12-inch)  column  and  even  when  operated  at  as  low  a  voltage  as 
possible  generates  far  too  much  ozone  for  easy  control.  The 
output  can,  however,  be  regulated  nicely  by  covering  part  of  the 
column  with  aluminum  foil  or  other  opaquing  means.  Only 
about  5  cm.  (2  inches)  of  exposed  column  are  needed  for  a  labora¬ 
tory  generator.  The  tube  is  held  concentric  by  waxed  or  shel¬ 
lacked  corks  or  rubber  stoppers  in  a  glass  tube  2  or  3  inches  in 
diameter  provided  with  side  tubes  for  inlet  and  outlet  of  air. 
This  lamp  operates  at  a  low  temperature  and  has  a  very  long  life. 
[Currently  (August,  1946)  a  small  12-volt  lamp  recently  de¬ 
veloped  by  the  Westinghouse  Electric  Corp.  (Sterilamp  WL-794) 
is  being  tested.  This  lamp,  of  automobile  headlight  bulb  size 
and  intended  for  use  in  household  refrigerators,  is  a  most  con¬ 
venient  source  for  a  laboratory  generator  delivering  from  0.5  to 
1.0  cubic  meter  per  hour.  Enough  experience  has  not  been 
gained  to  determine  its  useful  life.  ] 

The  flow  of  ozonized  air  from  these  generators  is  conducted 
to  the  base  of  a  laboratory-type  oven  maintained  at  the  tempera- 
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Specimens  for  exposure  are  mounted 
shown  in  the  photograph  of  Figure  6. 


Sheets  are  mounted  as  strips  stapled  to 
waxed  board,  a,  at  elongations  chosen,  usual 
20,  25,  30,  and  50%,  though  GR  -S  compoum 
usually  break  at  the  staple  with  50%  elong 
tion.  Alternatively  strips  are  mounted  bei 
around  a  mandrel  of  a  diameter  calculatf 
to  give  the  required  elongation,  the  en< 
secured  between  2  wooden  strips,  b.  Wires, 
are  wound  around  waxed  dowels  or  glass  roc 
of  the  necessary  diameter  and  cables,  d,  sim 
larly  wound  on  glass  tubing.  Specimens  mu 
not  be  exposed  immediately  after  mountin 
but  must  stand  for  a  uniform  time  of  at  lea 
24  hours  to  allow  healing  of  any  wax  film  the 
may  have  been  disrupted  by  the  stretchini 
Comparison  between  sample  and  control  shoul 
be  on  the  basis  of  identical  mountings.  Shee- 
should  not  be  compared  with  wires,  for  e: 
ample. 


Figure  6.  Methods  of  Mounting  Stretched  Specimens  for  Test 


ture  at  which  the  specimens  of  rubber  are  to  be  exposed.  Suit- 
able  baffles  should  be  installed  to  ensure  uniform  flow  at  all  parts 
of  the  oven,  and  the  inside  should  be  well  varnished  or  waxed, 
since  rapid  decomposition  of  ozone  occurs  at  metal  surfaces. 
Even  so,  the  concentration  in  the  oven  will  be  less  than  that  from 
the  generating  apparatus  and  should  always  be  measured  at  the 
location  of  the  specimens. 


Where  large  numbers  of  specimens  are  to  be  exposed  a  different 
arrangement  is  used,  depicted  schematically  in  Figure  5. 


This  consists  of  a  drum  or  tank,  2  feet  in  diameter  and  3  feet 
high  on  legs,  open  at  the  bottom  and  closed  at  the  top,  with  a 
loosely  fitting  lid  furnished  with  a  short  chimney.  The  inside  is 
divided  into  2  compartments  by  baffle  B1  12  inches  from  the  bot¬ 
tom.  This  baffle  is  2  inches  less  in  diameter  than  the  drum,  the 
two  rings  shown  acting  as  a  light-lock  to  prevent  light  from 
reaching  the  upper  chamber.  Another  similar  baffle  is  mounted 
just  below  the  lid.  The  lower  chamber  houses  an  aluminum 
plate  on  which  is  mounted  a  single  Hanovia  No.  2851  Safe-t-aire 
lamp  operated,  after  aging  for  a  few  hundred  hours  at  approxi¬ 
mately  750  volts  alternating  current.  Ozone  in  suitable  concen¬ 
tration  is  thus  generated  in  this  chamber.  This  air  rises  into  the 
upper  chamber  through  the  opening  between  the  edges  of  baffle 
R!  and  the  sides  of  the  drum,  escaping  to  the  outer  air  around 
baffle  B2  and  through  the  chimney,  C.  The  amount  and  con¬ 
centration  of  air  thus  circulating  can  be  readily  controlled  by 
adjusting  the  size  of  the  opening,  O,  of  the  chimney  or  installing 
a  damper  in  the  chimney.  A  small  fan  rotating  slowly  on  re¬ 
duced  voltage  may  advantageously  be  mounted  on  baffle  Bx  to 
ensure  uniformity  of  composition  and  temperature  of  the  air  in 
the  upper  chamber.  The  fan  blades  should  be  adjusted  to  gen¬ 
erate  only  a  horizontal  disturbance. 

If  the  device  is  to  be  operated  at  an  elevated  temperature  a 
ring  heater  is  mounted  on  the  under  side  of  baffle  Bh  regulated  ’by 
a  thermostat  mounted  in  the  upper  chamber.  A  500-watt  heater 
will  maintain  a  temperature  of  110°  F.  and  a  750-watt  heater  a 
temperature  of  120  F.  When  used  at  these  elevated  tempera¬ 
tures  the  drum  is  insulated  with  a  layer  of  thick  felt  or  other  suit¬ 
able  material.  The  specimens  to  be  exposed  are  suspended  by 
\\ires  from  rail  R  around  the  inside  walls  of  the  upper  chamber 
The  drum  should  preferably  be  of  aluminum,  which  is  less  active 
as  a  decomposition  catalyst  of  ozone  than  copper,  iron  or  zinc 
In  any  event  the  inside  should  be  painted  with  a  thin  layer  of 
wax.  In  the  units  used  in  these  laboratories  a  full  chimney  open- 
mS  gives  a  concentration  of  ozone  in  the  upper  chamber  of  25 
parts  per  108,  using  the  lamp  referred  to.  The  opening  is  reduced 
m  size  as  the  activity  of  the  lamp  decreases  with  age. 


The  above  procedure  is  of  little  value  witl 
out  a  means  of  determining  the  concentratio 
of  the  ozone  in  the  atmospheres  in  the  expc 
sure  chambers.  In  the  routine  operation  c 
several  of  the  accelerated  weathering  device 
described,  a  simple  and  rapid  method  of  est: 
mation  had  to  be  devised,  because  although  wit 
careful  attention  to  air  flow,  voltage,  and  temperature,  unifon 
concentrations  can  be  maintained,  ozone  is  an  unstable  substanc 
and  assurance  of  a  uniform  concentration  can  be  had  only  by  re 
peated  checking  at  reasonably  close  intervals,  at  least  daily 
Moreover,  the  answer  must  be  obtainable  within  a  relative! 
short  time,  not  more  than  an  hour.  The  ideal  method  would  b 
by  measurement  of  ultraviolet  light  absorption  in  the  region  o 
the  ozone  absorption  band  having  a  peak  at  2550  A.  However,  a 
the  concentrations  of  ozone  in  use  this  would  call  for  a  path  a 
least  50  feet  long  to  give  a  practicable  measure  and  is  thus  incon 
venient. 

The  method  currently  used  reverts  to  the  classical  method  o 
estimation  by  absorption  by  a  solution  of  potassium  iodide  ii 
water  and  estimation  of  the  iodine  liberated.  To  furnish  suffi 
cient  iodine  for  measurement  in  the  short  time  allotted  a  largi 
volume  of  air  must  be  dealt  with.  To  ensure  absorption  of  thi 
ozone,  the  air  to  be  measured  is  made  to  generate  a  fine  spray  o 
potassium  iodide  solution.  In  this  way  an  enormous  surface  o 
solution  is  furnished  for  the  reaction.  The  apparatus  is  showi 
schematically  in  Figure  7  and  illustrated  in  Figure  8. 

In  Figure  7,  A  is  a  glass  tube  0.375  inch  in  diameter  (approxi¬ 
mate)  and  about  4  inches  long,  terminating  at  B  in  a  short  lengt! 
of  capillary  tubing  with  a  bore  of  1  to  2  mm.  Concentric  withir 
A  is  a  smaller  glass  tube,  C.  (Figure  7,  a,  shows  this  assembly  or 
a  larger  scale.)  The  end  of  C  is  first  carefully  heated  in  a  blow¬ 
pipe  flame  till  the  bore  is  reduced  in  size  so  as  just  to  admit  a 
No.  69  drill.  At  this  thickened  end  two  flats  are  ground  off  or 
a  sheet  of  fine  Aloxite  paper  as  at  D  in  Figure  7,  b.  '  When  ir 
position  in  tube  A,  end  D  fits  snugly  against  the  hole  in  capillary 
B.  C  may  now  be  sealed  to  A  at  the  upper  end,  but  it  is  better  to 
rely  on  the  rubber  connection  at  E  to  hold  the  tubes  in  place, 
since  once  sealed  in,  C  cannot  be  removed  for  cleaning  in  the 
event  of  a  blockage. 

F  is  a  trap  about  2  inches  in  diameter  and  4  inches  long,  re¬ 
quiring  no  further  description,  and  G  is  an  enlargement  in  the 
exit  tube,  about  1.5  inches  in  diameter,  containing  glass  wool  to 
trap  spray  passing  F.  F  is  connected  to  the  side  tube  of  A  by 
rubber  tubing  or  may  be  permanently  attached,  as  shown  in  the 
figure.  The  rubber  connector  is  more  convenient,  but  the  tubing 
used  must  first  be  soaked  for  a  long  period  in  dilute  iodine  solu¬ 
tion  and  thoroughly  washed,  or  iodine  may  be  taken  up  from  the 
reagent.  H  is  a  1-liter  three-necked  Woulff’s  bottle  in  which 
A  and  F  are  secured  by  Pyrex  ground  joints,  A  occupying  the  cen¬ 
ter  opening  with  B  protruding  just  below,  the  neck  and  tube  J 
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-eaching  to  within  0.5  inch  of  the  bottom  of  the  bottle.  The 
:,hird  neck  serves  to  introduce  and  remove  the  reagent. 

A  is  connected  through  rubber  joints  and  glass  or  plastic  tube 
K  to  rotameter  L,  graduated  from  0  to  1.0  cubic  meter  of  air  per 
aour.  The  entrance  to  the  rotameter  is  connected  to  the  atmos¬ 
phere  whose  ozone  content  is  to  be  determined  and  the  exit  from 
7  is  connected  to  a  vacuum  line.  After  75  ml.  of  reagent  are 
ntroduced  into  H,  the  stopper  is  replaced,  and  the  vacuum  gradu¬ 
ally  applied.  Almost  the  entire  body  of  liquid  will  enter  F, 
urnishing  a  head  of  reagent  at  B,  where  the  entering  air  resolves 
t  into  a  fine  mist  which  fills  the  entire  bottle.  At  the  end  of  the 
■un  the  vacuum  is  disconnected  and  the  liquid  transferred  to  the 
itration  vessel.  For  atmospheres,  containing  around  25  parts 
>f  ozone  per  10s  of  air,  ample  iodine  for  titration  will  be  obtained 
n  0.5  to  1  hour.  When  runs  longer  than  1  hour  are  called  for, 
t  is  necessary  to  add  distilled  water  at  intervals  to  make  up  for 
jvaporation.  This  is  most  conveniently  done  through  the  air 
,ntake.  The  liberated  iodine  is  determined  by  titration  with  so¬ 
lium  thiosulfate.  Since  the  amount  is  so  small,  0.002  N  to 
).001  N  solutions  must  be  used,  and  since  the  end  point  using 
starch  as  indicator  is  uncertain,  the  electrometric  method  of 
Foulk  and  Bowden  (8)  is  resorted  to,  in  which  use  is  made  of  the 
depolarizing  effect  of  iodine  on  a  polarized  electrode. 

In  the  authors’  practice  the  titration  vessel  is  a  250-cc.  wide¬ 
mouthed  extraction  flask  having  a  hole  in  the  side  near  the  neck. 
A  two-hole  rubber  stopper  carries  into  the  flask  2  glass  tubes 
into  which  are  sealed  the  two  electrodes,  in  this  case  stout  plati- 


Figure  7.  Ozone-Absorbing  Device 
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Fifteen  grams  of  potassium 
iodide  are  dissolved  in  75  ml.  of 
buffer  solution  (equal  volumes  of 
0.025  N  disodium  hydrogen  phos¬ 
phate  and  0.025  N  potassium 
dihydrogen  phosphate).  The 
solution  is  introduced  into  the  ti¬ 
tration  flasks,  the  electrodes  are 
inserted,  and  the  liquid  is  swirled 
vigorously  over  them.  Following 
an  initial  kick  the  galvanometer 
spot  will  return  to  zero  if  no  iodine 
is  present  ,  because  polarization  of 
the  electrodes  will  prevent  passage 
of  current.  Presence  of  an  oxidiz¬ 
ing  agent  such  as  iodine  removes 
the  polarizing  hydrogen  from  the 
cathode  and  current  flows.  Addi¬ 
tion  of  thiosulfate  (through  the 
hole  in  the  side  of  the  flask)  till 
the  iodine  is  removed  restores  the 
polarized  state  and  returns  the 
galvanometer  deflection  to  zero. 
The  reagent  will  usually  require 
the  addition  of  2  to  5  drops  of 
0.002  N  thiosulfate,  depending  on 
the  batch,  to  bring  this  about. 

After  the  ozone  run  the  iodide 
solution  containing  the  iodine  is 
placed  in  the  titration  vessel  and 
thiosulfate  is  added  until  only  a 
barely  perceptible  yellow  remains; 
then  the  electrodes  are  inserted 
and  thiosulfate  is  added  drop  by 
drop  at  intervals  till  no  deflection 
is  obtained,  the  liquid  being  vigor¬ 
ously  swirled  meanwhile.  The 
liquid  is  then  returned  through 
the  trap  to  rinse  the  apparatus 
and  the  titration  is  completed. 
One  cc.  of  0.001  N  thiosulfate 
represents  0.0112  cc.  of  ozone  at  S.T.P. 

A  little  difficulty  may  be  encountered  at  first  in  identifying  the 
end  point  to  within  one  drop  of  thiosulfate  solution  at  this  low 
concentration.  It  will  be  found  easier  if  the  titration  is  made  to  a 
small  residual  deflection  of  the  galvanometer. 

Neither  the  form  nor  dimensions  of  the  apparatus  described 
are  critical.  Those  given  are  of  the  apparatus  in  current  use. 
Duplicate  apparatus  reproduces  results  within  ±5%,  which  is 
good  enough  at  these  low  concentrations.  It  has  been  found  that 
reducing  the  concentration  of  the  potassium  iodide  solution  below 
20%  gives  low  results.  The  system  described  passes  about  0.3 
cubic  meter  of  air  per  hour,  but  this  can  be  changed  by  changing 
the  size  of  the  air  jet,  C.  With  a  given  jet  there  may  be  consid¬ 
erable  leew'ay  in  the  size  of  the  capillary  nozzle.  The  criterion 
is  a  reaction  vessel  filled  with  a  mist  of  reagent.  The  authors 
have  compared  reaction  vessels  ranging  in  size  from  125  ml.  to 
12  liters  and  find  a  tendency  to  low'  results  with  a  capacity  of 
less  than  500  ml.  A  larger  vessel  than  this  yields  no  advantage. 

A  most  important  point  to  remember  is  that  potassium  iodide  in 
solution  is  photochemically  oxidized  to  iodine  in  presence  of  light, 
even  in  neutral  or  alkaline  solution.  Therefore  titration  must 
not  be  conducted  in  bright  daylight  and  during  the  ozone  run  the 
whole  of  the  absorption  apparatus  must  be  enclosed  in  a  light¬ 
tight  box  as  shown  in  Figure  9.  Failure  to  observe  this  precau¬ 
tion  will  result  in  utterly  erroneous  findings. 

The  0.002  N  thiosulfate  should  be  standardized  at  frequent 
intervals,  as  such  dilute  solutions  lose  strength  through  oxidation. 

Since  the  iodine  in  solution  has  a  vapor  pressure,  some  will  be 
carried  away  in  the  exhausted  air;  a  correction  must  therefore  be 
applied  to  the  result  obtained.  The  amount  of  this  has  been  de¬ 
termined  in  two  ways :  (1)  by  making  determinations  over  a 

range  of  increasing  periods  of  time,  plotting  the  ozone  found 
against  time,  and  extrapolating  to  zero  time  w'hich  gives  the  true 
value;  (2)  by  operating  the  apparatus  with  a  stream  of  nitrogen 


Figure  8.  Ozone-Ab¬ 
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and  simulating  the  ozone  reaction  by  adding  small  amounts  of 
0.001  N  iodine  at  frequent  intervals  over  the  desired  period  and 
in  amount  equivalent  to  the  ozone  concentration  studied.  Com¬ 
parison  of  the  iodine  remaining  in  solution  with  the  amount  added 
gives  the  error.  These  two  methods  checked  each  other  within 
*5%  at  any  concentration  between  3  and  25  parts  of  ozone  per 


Figure  9.  Dark  Housing  for  Ozone  Absorber 


10s.  The  percentage  loss  with  time  is  shown  by  Figure  10.  The 
determinations  were  made  over  a  period  of  only  2  hours  at  the 
highest  concentration,  since  measurement  time  in  practice  never 
exceeds  1  hour.  With  decreasing  concentration  the  period  was 
increased  progressively  up  to  8  hours  for  the  lowest. 

The  curve  applies  only  to  the  particular  conditions  employed — 
viz.,  a  flow  of  0.27  to  0.30  cubic  meter  per  hour  and  a  vacuum  of 
60  cm.  of  mercury.  For  other  conditions  the  correction  must  be 
determined  experimentally. 

The  absorption  of  ozone  is  assumed  to  be  complete,  since  in¬ 
creasing  the  concentration  of  potassium  iodide  up  to  80%  gave 
no  higher  values.  Further,  dilution  experiments,  in  which  ozone 
of  concentrations  up  to  100  parts  per  million  was  diluted  with  a 
known  volume  of  air  and  the  dilution  simultaneously  measured, 
when  carefully  conducted,  checked  within  ±5%.  This  is  not  a 
definite  proof  but  a  reasonable  assumption. 

It  might  be  thought  that  the  loss  of  iodine  could  be  reduced  bv 
cooling  the  reaction  vessel  in  ice.  The  reduction  has  proved  on 
trial  to  be  insignificant.  Expansion  of  the  air  at  the  nozzle  and 
some  evaporation  of  the  water  results  in  cooling  the  reagent  to 
around  60°  F.,  depending  on  the  duration  of  the  run.  Where 
room  temperatures  are  high  as  in  summer  months,  however,  im¬ 
mersion  in  ice  would  ensure  more  uniform  conditions. 

The  principal  merit  of  this  method  lies  in  the  rapidity  with 
which  ozone  concentrations  at  the  level  suggested  for  use  in  the 
accelerated  weathering  methods  described  can  be  made.  Since 
variations  in  the  rubber  compounds  tested  and  the  personal  errors 


Figure  10.  Correction  Curve  for  Ozone  Estimation  Described 

in  Text 


in  recognizing  the  first  appearance  of  cracking  are  often  large,  i 
is  felt  that  this  method  is  well  within  the  over-all  accuracy  pos 
sible  in  weathering  values.  It  is  planned  to  check  the  methoc 
further  against  light-absorption  determinations. 

An  apparatus  for  the  continuous  recording  of  ozone  concen 
tration,  employing  the  above  principles,  has  been  described  bj 
Gluckauf  et  al.  (.£).  The  output  of  such  an  apparatus  coulc 
readily  be  arranged  to  maintain  a  constant  concentration  of  ozon< 
in  a  test  chamber  by  adjustment  of  the  voltage  to  the  ultraviolei 
lamp.  It  is  possible,  however,  that  the  effort  involved  in  main¬ 
tenance  of  such  apparatus  would  exceed  that  called  for  by  inter¬ 
mittent  control  in  the  procedures  described  in  this  paper. 

In  the  measurement  of  ozone  concentrations  of  the  atmosphere 
by  the  potassium  iodide  reaction,  the  criticism  is  often  advanced 
that  other  oxidizing  agents  known  to  be  present  also  liberate  io¬ 
dine  from  potassium  iodine.  These  are  nitrogen  oxides,  hydro¬ 
gen  and  other  peroxides,  and  chlorine.  However,  Gluckauf 
et  al.  (4)  point  out  that  the  reaction  producing  iodine 

N02  +  2H+  -(-  2I~  — >  H20  +  NO  +  I2 

proceeds  only  to  a  very  limited  extent  at  low  concentrations  and 
at  pH  7.0,  because  of  the  lack  of  hydrogen  ions  and  prove  this 
by  experiment.  The  present  authors  have  found  by  trial  that 
nitrogen  peroxide  even  in  concentration  three-  or  fourfold  that 
of  the  atmosphere  (2,  5)  does  not  liberate  iodine  from  potassium 
iodide  by  the  procedure  described.  As  for  hydrogen  and  other 
peroxides,  the  authors  have"  made  repeated  attempts  to  trap 
suspended  particles  of  organic  peroxides  in  a  water  spray  and  to 
freeze  out  hydrogen  peroxide  in  traps  cooled  by  a  dry  ice-acetone 
bath.  The  liquids  so  obtained  from  several  cubic  meters  of  air 
have  invariably  failed  to  liberate  titratable  amounts  of  iodine 
from  buffered  potassium  iodide  solution.  Free  chlorine  appar¬ 
ently  is  absent  from  the  atmosphere  at  the  location  of  these  labo¬ 
ratories.  Nevertheless,  in  this  connection  the  possibility  of  the 
presence  of  these  or  other  oxidizing  agents  in  the  atmosphere  of 
industrial  locations  should  be  borne  in  mind. 
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Determination  of  the  Relative  Acidity  of  Wood 

and  Adhesive  Joints 

F.  A.  DeMARCO  AND  E.  A.  SMITH,  University  of  Toronto,  Toronto,  Canada 


Voblems  involving  the  assessment  of  the  pH  of  wood  glue  and 
>lywood  sections  are  discussed.  The  use  of  fluorescent  dyes  and 
>rdinary  color  indicators  has  been  investigated  and  very  interesting 
>bservations  are  described.  Dye  indicators  are  shown  to  be  satis- 
actory  for  differentiative  pH  measurement. 

NE  of  the  important  considerations  in  investigating  the 
character  of  the  glue  line  in  plywood  bonding  is  the  acidity 
>f  the  actual  glue  and  the  adherent  wood.  It  is  known  that  cor- 
•osion  of  the  wood  takes  place  when  the  glue  used  is  either  too 
icid  or  too  alkaline  (1,  S,  6),  but,  as  yet,  research  workers  on  the 
subject  have  found  no  suitable  solution  of  the  problem  of  assess- 
ng  the  actual  acidity  at  the  glue  line  after  pressing  and  curing  the 
alywood.  This  paper  discusses  some  of  the  problems  involved 
j,nd  proposes  a  method  which,  for  all  practical  purposes,  gives  the 
oH  of  the  finished  plywood  glue  line. 

The  “reference  pH”  used  by  Campbell  (4),  grinding  up  the 
ilywood  and  suspending  it  in  water  or  acid,  is  not  suitable  for 
ittacking  most  problems  concerning  glue  lines  because  too  many 
'actors  affect  its  determination.  For  example,  the  thickness  of 
;he  veneer,  the  quantity  of  the  resin  used,  the  degree  of  dilution, 
he  leaching  out  of  salts  from  the  wood,  and  the  possible  hydroly¬ 
sis  on  dilution  would  all  have  an  influence  on  the  final  pH  meas¬ 
ured  with  the  glass  electrode.  At  best,  the  reference  pH  gives 
m  over-all  average  of  the  acidity  of  the  veneers  and  the  glue  to¬ 
gether,  but  affords  no  specific  information  as  to  the  actual  acidity 
it  the  wood-glue  interface.  Campbell  said  that  the  pH  of  the 
moisture  condition  of  air-dry  wood  could  not  be  measured  di¬ 
rectly  because  wood  in  this  condition  is  not  moist  enough  to  wet 


Table  1. 

Fluorescent  Dyes 

Color 

Dye 

Manufacturer 

Change 

;  i. 

Coumarin 

Dr.  Theod  Schuchardt-Gor- 
litz  C.P. 

None 

2. 

Fluorescein  sodium 

B.D.H.3 

Very  slight 

3. 

Eosin 

Eastman  Kodak 

None 

4. 

Erythrosin 

Eastman  Kodak 

None 

5. 

1  -  Naphthol  -  4  -  sulfonic 

C.A.F.  Kahlbaum,  Chem; 

6. 

acid 

2  -  Naphthol  -  6  -  sulfonic 

ische  Fabrik  Adlershof  bei 
Berlin 

Slight 

acid 

Eastman  Kodak 

None 

00 

Naphthionic  acid 

Amino  G  acid,  2-naph- 
thylamine  -  6,8  -  disul- 

Eastman  Kodak 

None 

1  9- 

fonic  acid 

R  acid,  2-naphthylamine- 

C.A.F.  Kahlbaum 

Good 

10. 

3,6-disulfonic  acid 

1  -  Naphthylamine  -  4,8- 

C.A.F.  Kahlbaum 

Good 

disulfonic  acid 

C.A.F.  Kahlbaum 

Good 

11. 

2-Naphthol 

Du  Pont 

None 

!12. 

2-Naphthol 

C.A.F.  Kahlbaum 

None 

13. 

l-Naph^hylamine 

Du  Pont 

None 

14. 

Acridine 

B.D.H. 

Slight 

115. 

Auramine 

Du  Pont 

Slight 

16. 

Potassium  thiocyanate 

B.D.H. 

None 

17. 

Uranyl  nitrate 

Schering  Kahlbaum 

None 

18. 

Phenol  red 

B.D.H. 

None 

19. 

Rhodamine  B 

B.D.H. 

None 

120. 

Rhodamine  6DGN  extra 

Du  Pont 

None 

21. 

Basic  orange  3  RN 

Du  Pont 

None 

22. 

Dihydrothio-p-toluidine 

Du  Pont 

None 

23. 

24. 

Berberine  sulfate 
Ammonium  salt  of  phenyl 

B.D.H. 

Slight 

per  acid 

DuPont 

None 

1 25. 

Erythrosin  bluish 

National  Aniline  &  Chemical 
Co. 

Good 

26. 

Eosin  bluish  (alcohol 

National  Aniline  &  Chemical 

Good 

solution) 

Co. 

27. 

Auramine 

B.D.H. 

None 

28. 

Rhodamine  6G 

B.D.H. 

None 

29. 

a 

Tetrahydroxyflavonal 
British  Drug  Houses. 

B.D.H. 

None 

the  glass  electrode.  He  overlooked,  however,  the  possibility  of 
using  suitable  indicators  to  determine  acidity  by  the  colorimetric 
method. 

FLUORESCENT  INDICATORS 

Some  of  the  more  common  titration  indicators  gave  very  poor 
and  indistinct  color  changes  when  applied  to  wood  and  therefore 
the  use  of  ordinary  color  indicators  was  at  first  discarded.  D.  H. 
Hamly  of  the  Department  of  Botany  suggested  the  use  of  fluores¬ 
cent  dyes,  and  was  of  invaluable  assistance  in  the  subsequent 
work  in  fluorescent  microscopy. 

The  working  principle  was  that  the  fluorescent  color  of  the 
dyes  under  ultraviolet  rays  would  not  be  affected  by  the  color  of 
the  wood.  Little  information  could  be  found  in  the  literature 
regarding  fluorescent  dyes  which  manifested  a  change  in  color 
with  a  change  in  pH.  Consequently,  the  work  began  with  a 
search  for  fluorescent  dyes  that  might  be  suitable  as  indicators. 

All  known  available  fluorescent  dyes  (see  Table  I)  were  in¬ 
vestigated. 

A  solution  of  each  dye  was  made  up,  1  to  1000  where  possible 
and  more  dilute  when  necessary,  and  kept  in  a  stock  bottle. 
Strips  of  birch  veneer  3  X  0.5  X  0.0625  inch  were  used  as  test 
pieces  and  their  pH  was  controlled  by  soaking  in  solutions  of 
different  acidities.  Standard  buffers,  hydrochloric  acid,  sulfuric 
acid,  and  sodium  hydroxide,  were  employed  in  making  the  stand¬ 
ard  pH  solution.  After  soaking  for  24  hours,  the  test  pieces  were 
allowed  to  dry  in  air.  A  drop  of  the  dye  was  put  on  the  surface 
of  each  of  several  test  pieces  of  varying  pH,  and  when  the  dye 
was  dry,  the  resultant  color  was  observed  under  the  fluorescent 
microscope. 

Five  dyes  (Table  I)  showed  some  appreciable  change  in  color 
with  varying  pH,  but  in  each  case  the  color  change  was  not  sharp, 
but  gradual;  furthermore,  there  was  actually  only  a  change  in 
shade  of  color  rather  than  a  distinct  change  from  one  color  to 
another.  Attempts  to  set  up  standards  in  order  to  determine  the 
actual  range  of  the  color  variation  failed  because  there  was  no 
method  of  determining  the  true  pH  of  the  birch  test  pieces.  The 
use  of  a  material  other  than  wrood  as  a  background  for  the  dyes 
w7as  found  to  be  impractical  because  the  character  of  the  back¬ 
ground  has  a  marked  effect  on  the  fluorescence.  In  view  of  these 
facts,  it  was  decided  to  abandon  the  investigation  on  the  use  of 
fluorescent  dyes  for  the  examination  of  the  glue  line.  Research 
was  continued,  however,  with  the  ordinary  color  indicators  and 
some  very  interesting  results  were  obtained. 

COLOR  INDICATORS 

It  was  first  noticed  that  B.D.H.  (British  Drug  Houses)  Uni¬ 
versal  indicator,  which  is  green  in  its  ordinary  state,  changed  to 
red  immediately  when  it  came  in  contact  with  filter  paper.  The 
dye  was  applied  to  a  strip  of  birch,  and  again  a  red  color  indi¬ 
cated  acid  constituents.  The  acidity  cannot  be  due  to  the  car¬ 
bon  dioxide  in  the  air,  because  Universal  indicator  does  not  turn 
red  when  left  for  a  long  period  of  time  in  distilled  water  exposed 
to  the  atmosphere.  The  actual  pH  of  the  birch  could  not  be 
determined  writh  this  indicator  because  it  is  not  suitable  for  pH’s 
lower  than  4.  A  search  was  begun  for  an  indicator  with  the 
proper  pH  range,  which  would  also  exhibit  a  good  color  change 
on  wood. 

Bromophenol  Blue  and  the  pH  of  Birch.  Investigation 
of  all  the  dyes  with  a  color  change  below  pH  4  showed  that 
bromophenol  blue  was  the  only  one  suitable  for  measuring  the 
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acidity  of  birch.  This  dye  has  a  range  from  3.0  (yellow)  to  4.6 
(blue)  with  a  gradation  of  the  combination  of  these  two  colors 
between  the  limits. 

A  series  of  buffers  was  made  which  covered  the  pH  range  from 
3.0  to  4.6  in  steps  of  0.1  unit.  Strips  of  birch  veneer  were  cut 
and  soaked  in  these  buffers  for  1.5  hours.  This  period  was  long 
enough  to  condition  the  test  pieces,  since  longer  soaking  had  no 
influence  on  the  final  pH  of  the  strip.  It  will  be  assumed  that 
the  pH  of  these  strips  attains  the  same  value  as  the  buffer,  be¬ 
cause  the  color  indicated  on  the  wood  with  bromophenol  blue 
compared  very  favorably  with  the  color  in  the  buffer  solution, 
and  since  the  amount  of  buffer  used  was  great  in  comparison  with 
the  size  of  the  test  piece,  the  pH  of  the  wood  must  eventually,  by 
leaching  and  impregnation,  reach  the  pH  of  the  buffer.  The 
wood  constituents  are  not  sufficient  to  affect  the  pH  of  the 
buffer. 

The  soaked  strips,  when  dry,  were  painted  with  bromophenol 
blue  and  served  as  standards  for  the  comparison  of  color  changes 
of  the  dye  on  wood.  The  pH  of  birch  was  then  determined  by 
painting  a  clean  birch  strip  with  the  indicator  and  comparing  the 
resulting  color  with  the  standards. 

Because  the  dye  solution  was  thought  to  have  an  effect  on  the 
pH  of  the  wood,  experiments  were  carried  out  using  various  con¬ 
centrations  of  dye  and  varying  alcohol-water  mixtures  as  the 
solvents.  It  was  found  that  a  concentration  of  1.2  grams  of 
bromophenol  blue  per  liter  was  sufficient  to  give  a  good  color  on 
wood.  The  optimum  solvent  proved  to  be  70%  alcohol  by  vol¬ 
ume,  since  this  gives  a  dye  solution  with  a  pH  very  close  to  that 
of  the  wood  itself.  With  this  solvent  the  indicator  reaches  a  per¬ 
manent  color  in  a  minimum  time.  Other  solvents  with  more  or 
less  water  percentages  give  the  same  results,  but  longer  time  is 
required  to  obtain  a  reading. 

The  wood  test  pieces  should  be  clean  or  preferably  recently 
planed,  because  handling  of  the  wood  has  a  ready  and  pro¬ 
nounced  effect  on  the  pH  at  the  surface.  Another  interesting 
observation  was  that  a  test  strip,  even  when  clean,  shows  a  slight 
variance  in  pH  over  different  areas.  This  led  to  the  investiga¬ 
tion  of  moisture  content  of  the  wood. 

MOISTURE  CONTENT  OF  WOOD 

In  sapwood,  the  moisture  is  present  in  three  conditions:  (1) 
as  the  chief  constituent  of  the  sap,  (2)  absorbed  in  the  cell  walls, 
and  (3)  filling,  completely  or  partially,  the  intercellular  cavities 
(2).  In  heartwood,  however,  it  occurs  only  as  condition  3.  It  is 
obvious,  then,  that  the  moisture  content  of  wood  varies  over  dif¬ 
ferent  areas.  If  moisture  content  has  an  effect  on  the  pH  of  the 
wood,  it  should  not  be  surprising  that  bromophenol  blue  shows 
varying  pH  in  a  sample  of  wood.  Experiments  were  carried  out 
to  find  the  effect  of  moisture  content  on  the  pH  of  wood. 

A  newly  planed  test  piece  was  painted  with  the  indicator  and 
then  cut  into  three  equal  sections.  One  section  was  put  in  a 
closed  box  saturated  with  water  vapor;  the  center  section  was 
allowed  to  stand  in  the  atmosphere;  and  the  third  section  was 
put  in  an  oven  at  70°  C.  After  24  hours,  the  colors  of  the  three 
sections  were  compared.  As  was  expected,  the  pH  of  the  heated 
section  dropped,  and  the  pH  of  the  humidified  section  rose,  while 
the  center  section  remained  the  same  and  served  to  show  that 
there  was  a  definite  change  in  each  of  the  other  two. 

Quantitative  values  of  the  pH  could  not  be  determined  because 
the  color  limits  of  the  indicator  were  approached.  This  proved, 
however,  that  oven-dry  wood  and  the  “saturated”  wood  had  a 
difference  of  at  least  1.5  pH  units  in  the  case  of  yellow  birch.  In 
a  matter  of  a  few  hours,  the  surface  of  the  wood  regained  its  origi¬ 
nal  air-dry  moisture  content. 

The  establishment  of  a  definite  relation  between  moisture  con¬ 
tent  and  pH  of  wood  is  not  practical,  in  view  of  the  fact  that  the 
moisture  content  varies  in  different  woods  and  in  different  parts 
of  the  same  wood.  The  fact  remains,  however,  that  the  value 


of  the  pH  is  very  sensitive  to  moisture  content.  Even  the  chang¬ 
ing  humidity  conditions  of  the  atmosphere  from  day  to  day  pro¬ 
duce  a  corresponding  change  in  the  pH  of  the  wood  This  indi¬ 
cates  that  the  buffering  system  in  wood  mentioned  by  Campbell 
and  Packman  (4)  cannot  be  very  effective  in  regard  to  humidity 
changes. 

pH  IN  DIFFERENT  WOODS 

Samples  of  several  different  woods  were  obtained  from  the 
Department  of  Forestry  and  tested  with  bromophenol  blue.  The 
intrinsic  dark  colors  of  some  species  made  it  difficult,  but,  for  the 
most  part,  readings  were  possible.  Values  ranged  from  3.2 
(B  C.  cedar)  to  4.5  (white  ash)  (see  Table  II).  Values  are  by  no 
means  absolute,  because  pH  may  vary  in  each  species  and  read¬ 
ings  were  made  using  the  buffered  birch  samples  as  standards. 

No  relation  could  be  found  between  pH  and  the  listed  moisture 
content  of  various  species,  nor  was  there  any  relation  between 
pH  and  specific  gravity.  There  was  no  appreciable  difference  in 
the  average  pH  of  the  two  types — i.e.,  coniferous  and  deciduous. 

pH  OF  THE  GLUE 

The  pH  of  the  glue  before  application  can  usually  be  measured 
with  the  glass  electrode.  Data  relating  to  the  effect  of  the  pH  of 
the  glue  on  the  strength  of  plywood  are  tabulated  by  Dowling  (-5), 
but  his  measurements  were  made  before  pressing  and  he  did  not 
attempt  to  measure  the  ultimate  pH  of  the  glue  after  curing  and 
setting. 

Experiments  were  carried  out  with  color  indicators  in  an  at¬ 
tempt  to  add  the  dye  in  the  glue  mixture  and  determine  the  pH 
after  setting.  With  dark-colored  glues  like  phenol-formaldehyde 
the  method  was  impractical,  but  with  cold-setting  glues  like  urea 
formaldehyde  favorable  results  were  obtained.  It  was  observed 
that,  because  of  reaction  of  the  catalyst,  the  pH  dropped  as 
polymerization  progressed  in  the  case  of  urea-formaldehyde. 
No  change  was  noticeable  in  the  pH  of  casein  on  setting. 

pH  AT  THE  GLUE  LINE 

Experiments  were  then  carried  out  involving  the  application  of 
color  indicators  to  the  glue  and  wood  in  cross  sections  of  plywood. 


Table  II.  Relative  pH  of  Different  Wood  Species 


Species 

Specific 

Gravity 

Moisture 
Content,  % 

pH 

Coniferous 

Balsam  (eastern) 

4.0 

Cedar  (B.C.) 

3.2 

Cedar  (eastern) 

3.5 

Cypress 

3.9 

Fir  (B.C.) 

0.53 

4.55 

3.4 

Hemlock  (eastern) 

3.8 

Hemlock  (western) 

6!  45 

3.6 

Larch  (white) 

3.6 

Pine  (eastern  white) 

0M2 

3.4 

Pine  (jack) 

0.51 

3.7 

Pine  (red) 

7.3 

3.7 

Redwood 

3.6 

Spruce  (black) 

6' 43 

3.4 

Spruce  (Sitka) 

0.54 

3.5 

Spruce  (white) 

0.42 

3.9 

Tamarack  (eastern) 

0.59 

3.6 

Deciduous 

Ash  (black) 

3.7 

Ash  (white) 

0.66 

4.5 

Basswood 

3.4 

Beech 

3.3 

Birch 

0 !  64 

5.7 

3.8 

Cherry 

3.5 

Chestnut 

3  2 

Elm  (white) 

O' 59 

3.6 

Hickory 

0.80 

3.2 

Maple  (hard) 

0.78 

3.6 

Maple  (soft) 

3.8 

Oak  (red) 

3.3 

Oak  (white) 

0.72 

6.2 

3.5 

Poplar 

0.43 

5.8 

3.9 

Sycamore 

0.56 

4.1 

Walnut 

5.4 

3.5 

Whitewood 

3.9 

Willow 

6 '46 

4.4 
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Ihlorophenol  red  was  painted  on  the  cross  section  of  a  finished 
ample  of  three-ply  birch  bonded  with  alkaline  phenol  formalde- 
lyde.  After  the  dye  was  dry  the  specimen  was  examined  under 
he  microscope.  Beautiful  distinction  was  manifested  between 
he  glue  line  and  the  veneers.  The  glue  line  itself  and  the  wood 
it  the  interface  turned  a  bright  red  color  (indicating  a  pH  of  ap- 
jroximately  9),  while  the  wood  not  in  contact  with  the  glue  was 
re llow.  Penetration  of  the  glue  into  the  veneer  became  apparent 
md  single  tendrils  of  resin  stood  out  clearly.  Thus  a  good  pic- 
ure  of  the  glue  line  and  veneers  in  cross  section  was  produced, 
showing  the  distribution  of  the  glue  and  the  effect  of  the  alkaline 
constituents  of  the  glue  on  the  wood  in  contact  with  it. 

The  same  indicator  was  applied  to  the  surface  of  a  veneer  in 
the  same  sample  of  plywood.  Penetration  areas  wrere  well  de¬ 
fined  and  in  some  cases  penetration  not  visible  without  the  indi¬ 
cator  was  brought  out. 

With  urea-formaldehyde  the  effect  was  not  so  clear,  because  the 
pH  of  the  birch  itself  is  too  nearly  that  of  the  glue  line  and  no 
dear  distinction  was  visible.  Bromophenol  blue  was  found  more 
suitable  for  urea  resins.  With  casein  both  chlorophenol  red  and 
aromophenol  blue  are  satisfactory. 

The  application  of  bromophenol  blue  to  the  glue  line  readily 
iistinguished  an  alkaline  glue.  Urea-formaldehyde  and  casein 
-an  thus  be  differentiated,  even  though  they  are  similar  in  ap¬ 
pearance.  The  phenolics  are  distinguishable  by  their  dark  color. 


Color  photographs  were  taken  of  typical  specimens  and  good 
results  were  obtained.  The  authors  will  be  pleased  to  make  the 
films  available  to  interested  readers. 

SUMMARY 

The  use  of  fluorescent  dyes  as  pH  indicators  for  plywood  has 
been  investigated  and  found  to  be  impractical.  It  is  possible  to 
determine  the  relative  pH  of  wood  by  the  use  of  ordinary  color 
indicators. 

Experiments  have  proved  that  the  pH  of  any  wood  species  is 
closely  related  to  its  moisture  content  and  wood  structure.  The 
pH  of  light-colored  glues  was  measured  even  after  setting. 

Color  indicators  have  yielded  valuable  information  regarding 
pH  and  glue  penetration  in  plywood. 
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Determination  of  Dipentaerythritol  in  Mixtures  of 
Pentaerythritol  and  Dipentaerythritol 

JOSEPH  A.  WYLER,  Trojan  Powder  Co.,  Allentown,  Pa. 


BECAUSE  pentaerythritol  and  dipentaerythritol  are  now 
established  as  raw  materials  for  the  resin  chemist,  greater 
accuracy  in  the  analysis  of  commercial  pentaerythritols  is  be¬ 
coming  of  prime  importance. 

Pentaerythritol  (also  called  monopentaerythritol)  has  the 
formula 

HOH2C  ch2oh 

\/ 

C 

/\ 

hoh2c  ch2oh 

and  is  usually  sold  as  a  “pure”  product  or  in  admixture  with 
varying  proportions  of  dipentaerythritol. 

The  purest  form  of  pentaerythritol  usually  sold  commercially 
contains  about  2  to  3%  of  dipentaerythritol  and  about  0.1  to 
10.2%  of  tripentaerythritol.  It  usually  consists  of  clear,  colorless 
octahedrons  melting  at  about  254  +  °  C.  Strictly  pure  penta¬ 
erythritol  melts  at  260.6°  C. 

The  purest  form  of  dipentaerythritol  sold  commercially  con¬ 
tains  about  8  to  10%  of  tripentaerythritol,  a  minute  amount  of 
tetrapentaerythritol,  and  possibly  a  few  tenths  per  cent  of  mono¬ 
pentaerythritol.  It  usually  exists  in  the  form  of  colorless,  opales¬ 
cent,  platelike  crystals  of  melting  point  about  218-220°  C. 
Strictly  pure  dipentaerythritol  melts  at  221  °  C. 

The  chemical  formula  for  dipentaerythritol  is: 

HOH2C  ch2oh 

HOH2C^)C.CH2.O.CH2.C  ch2oh 
hoh2c  ch2oh 

In  addition  to  pure  pentaerythritol  (which  is  also  often  referred 
jto  as  nitration  grade  or  as  high  melting  point  pentaerythritol) 
iand  pure  dipentaerythritol,  various  mixtures  of  pentaerythritol 
land  dipentaerythritol,  such  as  the  90-10,  85-15,  75-25,  and  70-30 


mixtures,  have  found  their  way  into  industry.  Consequently, 
there  is  a  real  need  for  a  satisfactory  method  for  the  determination 
of  dipentaerythritol  in  such  mixtures. 

The  benzilidine,  the  various  acetyl  procedures,  and  other 
methods  based  on  the  determination  of  hydroxyl  groups  have 
been  tested  and  found  wanting  in  some  important  respect. 

The  method  described  below  has  been  developed  and  used  in 
the  laboratories  of  the  Trojan  Powder  Company  for  a  number  of 
years,  with  results  which  have  been  more  reliable  and  meaningful 
than  those  obtained  by  any  heretofore  known  procedure.  An 
understanding  of  certain  phenomena  related  to  aqueous  solutions 
of  the  pentaerythritols  will  aid  the  chemist  using  the  method  in 
obtaining  reasonably  accurate  and  duplicatable  results. 

Aqueous  solutions  of  the  pentaerythritols  are  not  what  the 
physicist  would  call  ideal  solutions,  but  are  very  complex  mix¬ 
tures,  depending  upon  their  proportions,  concentrations,  and 
temperatures.  Consequently,  such  properties  as  the  solubility 
of  each  pentaerythritol  in  water,  the  solubility  of  dipentaeryth¬ 
ritol  in  aqueous  solutions  of  monopentaerythritol,  the  solubility 
of  tripentaerythritol  in  solutions  already  containing  monopenta¬ 
erythritol  and  dipentaerythritol,  etc.,  and  the  nature  of  the  crys¬ 
tals  obtained  from  these  solutions  are  not  expressible  in  simple 
terms.  There  is  no  doubt  that  molecular  complexes  and  equilib¬ 
rium  mixtures  play  an  important  function  in  aqueous  solutions  of 
pentaerythritols  and  the  phenomenon  of  hydrogen-bonding  seems 
to  be  an  underlying  cause. 

The  present  method  for  the  determination  of  dipentaerythritol 
is  based  upon  the  precipitation  of  dipentaerythritol  from  aqueous 
solutions  containing  a  mixture  of  monopentaerythritol  and  di¬ 
pentaerythritol,  such  precipitation  being  effected  by  ensuring  the 
presence  of  at  least  a  certain  minimum  ratio  of  dipentaerythritol 
to  pentaerythritol  in  the  clear  solution  before  any  precipitation, 
or  crystallization,  is  allowed  to  take  place.  This  minimum  ratio 


778 


Vol.  18,  No.  12 


INDUSTRIAL  AND  EN 


of  dipentaerythritol  to  pentaerythritol  is  provided  in  many  cases 
by  actually  adding  a  weighed  amount  of  pure  dipentaerythritol 
to  the  sample  and  then  applying  a  corresponding  correction  on  the 
final,  weighed  dipentaerythritol  crystals  obtained,  to  allow  for 
this  added  dipentaerythritol.  In  terms  of  units  of  weight,  the 
minimum  proportion  of  dipentaerythritol  to  pentaerythritol 
which  has  been  found  operative  in  this  method  is  about  1  part 
of  dipentaerythritol  to  1  part  of  pentaerythritol — to  a  2.5-gram 
sample  consisting  of  2.0  grams  of  pentaerythritol  and  0.5  gram  of 
dipentaerythritol,  one  should  add  at  least  1.5  grams  of  pure  di¬ 
pentaerythritol  before  proceeding  with  the  analysis.  The  pro¬ 
cedure  given  below  is  recommended  as  generally  applicable  over 
a  wide  range  of  commercial  pentaerythritol  products. 


METHOD 

Exactly  2.500  grams  of  the  sample  (in  a  tared  aluminum  dish) 
and  2.500  grams  of  pure  dipentaerythritol  are  weighed  out.  The 
sample  is  transferred  to  a  weighed  (to  the  nearest  0. 1  gram)  1 25-ce 
Erlenmeyer  flask,  60  grams  of  distilled  water  are  added  and  the 
flask  is  shaken  gently,  and  heated  (on  an  electric  hot  plate)  to 
take  all  the  sample  into  solution.  To  prevent  undue  loss  of  water 
during  this  heating,  a  clean  rubber  stopper  should  be  placed  in 
the  neck  of  the  flask  and  loosened  a  few  times  to  relieve  any  ex¬ 
cess  pressure  in  the  flask.  The  heating  and  shaking  should  be 
continued  3  to  5  minutes,  until  a  clear  solution  results. 

If  an  undue  amount  of  water  has  been  driven  out  of  the  flask 
during  this  dissolving  stage,  the  flask  with  its  contents  should  b% 
placed  upon  a  balance  and  water  added,  drop  by  drop,  to  ensure 
the  presence  of  60  grams  of  water.  The  flask  should  be  allowed 
to  stand  in  the  room  for  at  least  0.5  hour,  with  occasional  gentle 
shaking,  then  transferred  to  a  water  bath  at  a  temperature  of 
18  C.  (not  less  than  15  C.),  and  allowed  to  remain  here  overnight. 

The  next,  morning  the  total  weight  of  the  flask  and  its  contents 
is  checked  to  be  certain  that  60  =±=  0.1  grams  of  water  are  present 
in  the  mixture.  Usually  the  addition  of  a  few  drops  of  water  is 
necessary. 

The  flask  with  its  contents  is  now  placed  in  a  water  bath  at 
25°  C.  and  gently  shaken;  the  stopper  is  removed,  and  the  crys¬ 
tals  of  dipentaerythritol  which  have  separated  arq  stirred  by 
means  of  a  glass  rod,  keeping  the  contents  at  25  °  C.  When  the 
crystals  have  been  broken  up  and  the  mixture  has  been  at  25°  C. 
for  at  least  10  minutes  they  are  transferred  to  a  weighed  15-ml. 
Gooch-type,  fritted-glass  crucible  of  medium  porosity.  This 
transfer  should  be  made  by  means  of  40  ml.  (measured)  of  de¬ 
natured  alcohol  (Formula  1)  applied  by  means  of  a  small  wash 
bottle.  The  crystals  are  then  washed  with  10  ml.  of  ethyl  ether 
and  dried  at  110°  C.  for  1  to  2  hours,  or  to  constant  weight. 


CALCULATIONS 

The  weight  of  dipentaerythritol  actually  in  the  original  sample 
is  calculated  from  the  final  dry  weight  obtained  by  first  deducting 
the  weight  of  pure  dipentaerythritol  added  and  then  applying  a 
correction  for  the  amount  of  dipentaerythritol  remaining  in  the 
filtrate  and  alcohol  washings.  This  correction  has  been  carefully 
determined  and  found  to  be  0.145  gram  for  the  conditions  speci¬ 
fied  above.  If  these  conditions  are  altered,  this  value  will  be 
different. 

Method  of  Calculation. 

%  dipentaerythritol  =  +  B  X  100 

/.5UU 

where  A  =  weight  of  dry  crystals  obtained  and  B  =  solubility 
correction,  or  in  this  case,  0.145  gram 

The  2.500  figure  in  the  numerator  is  the  weight,  in  grams,  of 
the  added  dipentaerythritol.  The  2.500  figure  in  the  denomina¬ 
tor  is  the  weight  of  original  sample. 

In  an  actual  test,  A  was  found  to  be  2.857  and  2.850  grams  for 
separate  determinations.  Hence,  the  per  cent  dipentaerythritol 
in  the  sample  is: 


and 


2.857  -  2.500  +  0.L45 
2.5 


X  100  =  20.08% 


2.850  -  2.500  +  0.145 
- 2^ — — -  X  100  =  19.80% 


The  mixture  used  in  this  analysis  was  made  from  weighed 
quantities  of  pure  pentaerythritol  and  pure  dipentaerythritol  in 
the  proportions  of  80  to  20. 
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Table  I.  Determination  of  Dipentaerythritol 


Known  Composition  of 

Original  Mixture  Composition  Found  by  Analysis 


Mixture 

Penta- 

Dipenta- 

Pentaerythritol 

No. 

erythritol 

% 

erythritol 

% 

(by  difference) 

% 

erythritol 

% 

1 

99 

1 

98.6 

Av. 

1.1,  1.4,  1.7, 
1.4 

1.3 

2 

98 

2 

98.1 

Av. 

1.6.  2.3,  1.9, 
1.9 

18 

3 

97 

3 

96.8 

Av. 

3.2,  2.9,  3.5, 
3.2 

3.3 

4 

93 

7 

93.1 

Av. 

7.0,  6.5,  7.2, 
6.9 

6.8 

•5 

90 

10 

90.15 

Av. 

9.85,  9.85 
9.85 

6 

80 

20 

80.07 

Av. 

20.05,  19.80 
19.93 

7 

70 

30 

70.02 

Av. 

29.85,  30.10 
29.98 

8 

45 

55 

45.08 

Av. 

54.92,  54.92 
54.92 

9 

40 

60 

40.03 

Av. 

60.04,  59.90 
59.97 

10 

35 

65 

35.00 

Av. 

64.92,  65.08 
65.00 

REMARKS 

An  idea  of  the  accuracy  and  precision  of  this  method  can  be 
obtained  from  Table  I. 

As  it  is  necessary  to  have  at  least  1  part  of  pure  dipentaeryth¬ 
ritol  for  each  part  of  pure  pentaerythritol,  there  is  no  necessity 
for  using  an  added  amount  of  dipentaerythritol,  when  working 
with  mixtures  containing  more  than  50%  of  dipentaerythritol. 
In  the  results  listed  in  Table  I,  beginning  with  mixture  8,  no 
dipentaerythritol  was  added  and  a  5-gram  sample  of  the  mixture 
was  used  for  analysis  instead  of  2.5  grams. 

Unless  the  dipentaerythritol  used  for  this  method  is  of  the 
highest  purity,  serious  errors  result,  particularly  in  the  solubility 
correction  factor. 

In  extreme  cases,  a  blank  using  a  known  mixture  of  penta- 
erythntol  and  dipentaerythritol,  having  about  the  same  composi¬ 
tion  as  the  unknown,  should  be  run  simultaneously  with  the 
sample  under  test,  in  order  to  establish  the  solubility  correction 
value  for  this  specific  set  of  conditions. 

The  importance  of  uniform  technique  throughout  this  method 
cannot  be  overemphasized. 

The  conditions  mentioned  for  the  cooling  and  rewarming  to 
25°  C.  must  be  strictly  adhered  to,  since  they  have  a  considerable 
effect  upon  the  precipitation  of  the  dipentaerythritol. 

The  crystals  which  form  in  the  flask  should  not  be  permitted 
to  cake  to  a  hard  mass,  but  should  be  present  as  relatively  fine, 
individual  plates  readily  removable  by  means  of  a  stirring  rod  and 
a  stream  of  alcohol  from  a  wash  bottle. 

It  is  very  important  that  the  sample  taken  for  analysis  be 
representative  of  the  mixture  under  examination.  Dipenta¬ 
erythritol  has  a  very  low  packing  density  and  a  pronounced 
tendency  to  segregate  when  in  admixture  with  the  denser  and 
more  compact  pentaerythritol  crystals. 

This  method  has  been  used  on  thousands  of  samples  of  com¬ 
mercial  pentaerythritol  products  and  has,  in  the  hands  of  skilled 
technicians,  given  satisfactory  and  meaningful  results. 
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An  apparatus  and  method  for  determining  the  quantity  and  com- 
(position  of  gases  in  vacuum-packed  and  gas-packed  food  containers 
[are  described.  The  method  is  applicable  to  both  large  and  small 
containers,  flexible,  semirigid,  or  rigid.  Gas  contents  as  small  as  1 
fee.  may  be  measured  and  analyzed  with  fair  accuracy,  and  gas  con¬ 
sents  of  5  cc.  or  more  permit  accuracy  of  the  order  of  ±  5%  or  better. 
Results  obtained  on  a  number  of  vacuum-packed  foods,  particularly 
coffee  and  dry  whole  milk,  are  presented,  and  application  of  the 
(method  to  detection  of  leakage,  determination  of  oxygen  and  ni¬ 
trogen  permeabilities  of  packaging  materials,  and  determination  of 
true  densities  of  dry  foods  is  described. 

IN  THE  evaluation  of  various  packaging  materials,  methods 
and  conditions  for  vacuum  packing,  especially  of  dry  or  dehy¬ 
drated  food  products  in  flexible  containers,  means  of  determining 
the  amount  and  composition  of  residual  gases  in  the  packages,  as 
well  as  the  changes  in  these  gases,  whether  through  sorption, 
desorption,  generation,  permeation,  or  leakage  during  storage, 
have  proved  of  great  value.  Strachan  and  Embree  (5)  have 
described  a  device  and  method  for  sampling  and  analysis  of  the 
gas  in  large  cans  of  gas-packed  dehydrated  foods,  while  a  U.  S. 
Department  of  Agriculture  circular  (J)  has  described  a  similar 
method.  Unpublished  work  is  being  done  in  other  laboratories 
on  the  measurement  and  analysis  of  gases  in  canned  food  prod¬ 
ucts.  All  these  methods,  however,  appear  to  lack  the  versa¬ 
tility  and  sensitivity  achieved  with  the  author’s  design  of  equip¬ 
ment  and  procedure,  especially  as  applied  to  small  packages  con¬ 
taining  113.4  grams  (4  ounces)  or  less  of  dry  food  products. 

BELL-JAR  METHOD  OF  MEASURING  VACUUM 

A  widely  used  approximate  method  for  determining  the  residual 
vacuum  in  canned  goods  is  to  reduce  the  external  pressure  until 
the  cans  begin  to  bulge.  This  method  was  readily  applicable  to 
flexible  packages  with  considerably  greater  accuracy  because  of 
the  much  smaller  pressure  differential  required  to  bulge  the 
i  flexible  package  walls  noticeably.  Essentially,  the  method  con¬ 
sists  merely  of  placing  the  package  under  a  glass  bell  jar  connected 
to  a  vacuum  pump  and  a  vacuum  gage  or  a  manometer,  reducing 
the  pressure  in  the  bell  jar  to  the  point  at  which  the  first  swelling 
or  bulging  of  the  package  is  visible,  and  reading  the  gage  or  manom¬ 
eter  to  obtain  a  direct  measure  of  the  residual  vacuum  or  abso¬ 
lute  pressure  in  the  package.  This  has  been  used  as  a  very  rapid 
method,  capable  of  testing  from  one  to  three  packages  individ¬ 
ually  per  minute,  using  a  small  glass  bell  jar,  a  dial  vacuum  gage 
calibrated  in  inches  of  mercury,  a  42.5-liters  (15  cubic  feet)  per 
minute  vacuum  pump,  and  quick-acting  control  and  release 
valves.  Comparison  of  residual  vacuum  determinations  by  this 
method  with  more  reliable  values  on  the  same  packages  obtained 
by  calculation  from  total  residual  gas  content  and  gas  space 
volume,  as  described  below,  indicates  an  over-all  probable  error 
of  not  more  than  ±25.4  millimeters  (1  inch),  and  usually  not 
.more  that  ±0.5  inch,  for  the  rapid  bell-jar  method,  without  cor¬ 
rection  for  ordinary  variations  in  room  temperature  and  baro¬ 
metric  pressure. 

DETERMINATION  OF  GAS  CONTENT  OF  PACKAGES 

Although  the  amount  and  composition  of  gases  have  been  de¬ 
termined  in  1 -pound  cans  of  vacuum-packed  coffee,  with  gas  pres¬ 
sures  often  greater  than  1  atmosphere  due  to  evolution  of  gases 
by  the  coffee  after  packing,  the  system  used  appeared  not  to  be 


directly  applicable  to  the  problem.  The  author  was  dealing  with 
packages  mostly  containing  from  3  to  5  ounces  of  product,  and 
some  of  the  products  evolved  very  little  gas  after  vacuum  pack¬ 
ing,  so  that  he  often  had  to  deal  with  1  cc.  or  less  of  gas  per  pack¬ 
age.  Furthermore,  the  flexible  packaging  materials  with  which 
he  was  working,  usually  laminated  sheets  such  as  paper  to  foil 
with  a  heat-sealing  inner  coating,  offered  difficulties  in  the  way  of 
attaching  a  gas-collection  system. 

After  several  trial  procedures,  an  apparatus  was  designed  and 
constructed  which  not  only  effectively  overcame  most  of  the  pre¬ 
vious  difficulties,  but  had  a  number  of  other  useful  applications. 
This  apparatus  includes  a  gas-measuring  system,  with  means  for 
connecting  a  wide  variety  of  hermetically  sealed  packages  to  the 
system  in  such  manner  as  to  sample  their  gas  contents  without 
loss  or  contamination,  and  a  gas-analysis  system.  The  essential 
details  of  the  apparatus  are  illustrated  in  Figure  1.  In  practice, 
the  glass  parts  were  made  to  order  of  Pyrex  and  the  entire  assem¬ 
bly  was  mounted  for  convenient  manipulation  on  a  specially  con¬ 
structed  stand  of  wood  and  metal. 

The  semimicro  gas-analysis  buret,  G,  is  approximately  70  cm. 
long.  It  is  marked,  from  the  1-mm.  inside  diameter  capillary 
tip,  by  0.02-cc.  divisions  along  a  5-mm.  inside  diameter  barrel  to 
10  cc.,  whence  marking  continues  by  0.2-cc.  divisions  along  a 
15-mm.  inside  diameter  barrel  to  20  cc.  just  above  the  stopcock. 
This  buret  is  interchangeable  with  another  of  similar  design  and 
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the  same  length,  but  of  100-cc.  capacity,  marked  by  0.05-cc. 
divisions  from  the  1-mm.  tip  along  an  8-mm.  inside  diameter 
barrel  to  10  cc.  and  by  0.5-cc.  divisions  along  a  24-mm.  inside  di¬ 
ameter  barrel  from  there  to  100  cc.  just  above  the  stopcock.  The 
same  leveling  tube,  H,  for  acidulated  water,  is  used  with  either 
buret. 

Gas  analysis  is  conducted  by  means  of  a  number  of  Richards’ 
pipet  assemblies,  L,  with  suitable  reagents  for  determination  of 
various  gases  as  desired.  The  author  has  used  33%  potassium 
hydroxide  solution  for  carbon  dioxide,  Fieser’s  solution  for  oxy¬ 
gen,  and  ammoniacal  cuprous  chloride  for  carbon  monoxide  when 
present,  the  residue  being  nitrogen.  The  specially  designed 
2-mm.  inside  diameter  transfer  tubes, 
sloping  upward  and  reduced  to  1- 
mm.  near  their  carefully  tapered  tips, 
permit  alternate  connection  of  the 
tube  from  the  gas-collection  system 
and  those  from  the  several  Richards’ 
pipet  assemblies  to  the  gas-analysis 
buret,  through  a  short  piece  of  2-mm. 
inside  diameter  gum  rubber  tubing 
fitted  with  a  pinchclamp,  without 
significant  loss  or  contamination  of 
the  gas  sample  or  interchange  of  the 
reagents  in  the  Richards’  pipets  with 
the  acidulated  water  in  the  buret. 

Careful  operative  technique  with  the 
equipment  described  permits  deter¬ 
mination  of  the  oxygen  in  a  1-cc. 
sample  of  ordinary  air  with  an  ac¬ 
curacy  of  about  ±10%,  or  in  a 
10-cc.  sample  with  an  accuracy  of 
about  ±1%. 

The  special  gas-collection  and  measuring  buret,  A,  has  a  2-mm. 
inside  diameter  tip  above  the  upper  stopcock,  is  marked  by  0.05- 
cc.  divisions  from  this  stopcock  along  an  8-mm.  inside  diameter 
barrel  to  10  cc.,  and  by  0.5-cc.  divisions  along  a  24-mm.  inside  di¬ 
ameter  barrel  to  100  cc.  at  a  point  between  the  side,  arm  and  the 
lower  stopcock,  d ,  where  the  barrel  is  reduced  to  5-mm.  The 
mercury  leveling  tube,  B,  is  similar  in  size  and  shape  to  H.  The 
connecting  manifold,  C,  and  manometer  D  are  2  mm.  in  inside 
diameter  and  as  short  as  convenient.  The  volume  of  the  cap¬ 
illary  system,  from  stopcock  a  to  stopcock  c  to  surface  of  package 
attached  to  device  E,  is  just  3.0  cc.,  including  the  manometer  up 
to  its  mercury  column.  All  stopcocks  are  lapped  in  and  lubri¬ 
cated  for  high-vacuum  use,  while  connections  to  C  are  made  with 
short  pieces  of  heavy-walled  gum  rubber  tubing,  well  covered 
with  petrolatum.  Air  leakage  into  buret  A  and  manifold  C, 
through  the  five  stopcocks,  three  rubber  connections,  one  rubber 
gasket,  and  past  the  shaft  of  the  puncturing  pin,  does  not  exceed 
0. 1  cc.  per  hour  even  at  full  vacuum,  which  introduces  no  appre¬ 
ciable  error  in  use  of  the  apparatus. 

The  package  to  be  tested  is  supported  on  the  adjustable  spring 
table,  F ,  by  which  it  is  held  firmly  against  the  rubber  gasket  of 
the  special  punct  uring  device,  E.  This  device  is  shown  in  section 
m  Figure  2,  where  the  pin  is  in  the  depressed  or  puncturing  po¬ 
sition.  Normally  this  pin  is  held  up  by  the  spring,  so  that  the 
tip  is  retracted  well  within  the  metal  shell,  even  against  atmos¬ 
pheric  pressure,  until  it  is  pushed  downward  into  the  puncturing 
position  by  additional  hand  pressure  on  its  head.  The  steel 
shaft  of  this  pin  is  carefully  machined  and  lapped  into  the  brass 
barrel,  so.  that  liberal  application  of  petrolatum  serves  both  to 
lubricate  it  and  to  give  a  vacuum-tight  seal.  The  rubber  gasket 
is  also  seated  and  sealed  with  petrolatum. 

The  method  of  sealing  the  package  securely  to  the  puncturing 
device  depends  on  the  type  of  package.  With  metal  cans,  metal- 
covered  glass  jars,  or  firm  vacuum  packages  of  flexible  material 
with  a  smooth,  nonporous  outer  surface,  it  is  sufficient  to  press 
the  package  firmly  against  the  rubber  gasket  by  means  of  the  ad¬ 
justable  spring  table,  using  petrolatum  under  and  around  the 
gasket  to  complete  the  seal.  With  flexible  packages  of  laminated 
sheet  material  in  which  the  outer  layer  is  paper,  it  is  necessary  to 
strip  the  paper  carefully  away  to  a  nonporous  layer  of  the  lami¬ 
nated  sheet,  such  as  cellophane  or  metal  foil,  taking  care  not  to 
puncture  this  layer,  and  seal  this  smooth  surface  to  the  gasket. 
When  the  surface  of  the  package  is  irregular,  as  with  peanuts 
vacuum-packed  in  flexible  material,  an  area  slightly  larger  than 
the  gasket  is  made  level  by  applying  a  molten  mixture  of  equal 
PjP'ts  paraffin  and  petrolatum  and  allowing  it  to  solidify. 
Flexible  vacuum-packed  coffee  packages  which  have  become 
swollen  by  evolution  of  gases  are  prepared  by  sealing  a  metal 
washer  to  a  smooth,  nonporous  layer  of  the  package  material  with 
a  molten  mixture  of  paraffin  and  amorphous  wax,  then  sealing 
this  washer  against  the  rubber  gasket  with  petrolatum  in  such 
position  that  the  puncturing  pin  can  pass  through  the  hole  in  the 
washer. 
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Figure  2.  Package- 
Puncturing  Device 


The  tightness  of  the  seal  between  the  package  and  the  punctur 
mg  device  is  checked,  before  puncturing  the  package,  by  drawinj 
a  full  vacuum  on  the  3-cc.  capillary  system,  closing  the  stopcocl 

to,  n  nrvinp’  arrU  .observing  the  manometer.  Since  leakage  o 
only  0.002  cc.  of  air  into  this  system  raises  the  pressure  bv  0.. 
mm.,  even  a  very  slight  leak  is  detected  in  a  few  minutes  am 
eliminated  by  application  of  more  petrolatum  around  the  easke 
or  puncturing  pin.  6 

When  the  tightness  of  these  seals  has  been  verified,,  the  entiri 
gas-collection  system  is  vacuumized,  including  the  transfer  tub< 
to  the  gas-analysis  buret.  Then,  with  the  several  stopcocks  ir 
appropriate  positions,  the  package  is  punctured  by  pressing 
firmly  on  the  head  of  the  puncturing  pm,  and  the  gas  from  th< 
package  is  allowed  to  expand  into  the  vacuumized  system.  L 
there  is  very  little  gas  in  the  package,  it  is  first  admitted  only  tc 
the  3-cc.  capillary  system,  and  the  equilibrium  pressure  is  read  or 
the  manometer.  Then  it  is  admitted  to  the  100-cc.  gas-measur¬ 
ing  buret,  and  the  manometer  is  read  again.  In  the  absence  ol 
complicating  factors,  such  as  an  equilibrium  water-vapor  pressure 
or  progressive  desorption  of  gas  from  the  packaged  product  these 
two  manometer  readings,  together  with  the  known  volumes’of  the 
capillary  system  and  gas  buret,  permit  calculation  of  the  unknown 
gas-space  volume  of  the  package. 

The  stopcock  in  the  buret  side  arm  is  now  closed,  and  the  vol¬ 
ume  of  gas  in  the  buret  is  measured  at  1-atmosphere  pressure 
Fart  or  all  of  this  gas,  depending  on  its  amount,  is  passed  through 
the  transfer  tube  to  the  gas-analysis  buret.  It  may  be  held  there 
for  subsequent  analysis,  or  successive  portions  of  gas  from  the 
same  package  may  be  added  to  it,  if  necessary  to  obtain  a  larger 
sample  for  analysis.  Each  successive  portion  of  gas  is  withdrawn 
from  the  package  by  lowering  the  mercury  leveling  tube  until  the 
mercury  falls  below  the  side  arm,  opening  the  side-arm  stopcock 
to  allow  the  remaimng  gas  to  expand  into  the  buret,  closing  the 
side-arm  stopcock,  measuring  the  gas  in  the  buret  at  1  atmos¬ 
phere,  then  transferring  this  gas  to  the  gas-analysis  buret  or  dis¬ 
carding  it,  as  desired. 


GAS  MEASUREMENT  CALCULATIONS 


When  dealing  with  dry  powdered  or  granular  packaged  mate¬ 
rials  which  do  not  exhibit  significant  sorption  or  desorption  of 
gases,  the  gas-measurement  calculations  are  relatively  simple. 


Remembering  that  the  volume  of  the  gas-measuring  buret  is 
100  cc.,  and  of  the  capillary  system  3  cc.,  let  F0  be  the  gas-space 
volume  of  the  package  in  cubic  centimeters,  V  be  the  total  gas 
content  of  the  package  measured  in  cubic  centimeters  at  room 
temperature  and  1  atmosphere,  P o  be  the  total  gas  pressure  in 

atmospheres  in  the  package  before  puncturing,  and  rx,  r2,  r3 _ be 

the  buret  readings  as  each  successive  portion  of  gas  from  the  pack¬ 
age  is  measured  at  1  atmosphere.  From  the  simple  PV  re¬ 
lationship,  F  =  P0F0,  O.OlnCFo  +  103)  =P0Fo,  0.01r2(F0  +  103)  = 
O.OlrRFo  +  3),  0.01r3(F0  +  103)  =  0.01r2(F0  +  3),  etc.  It  readilv 
follows  that  rx  =  100F/  Fn  +  103),  r2=  100F(F„  +  3)/(F0  +  103)2 


r3  =  100F  X  (F0  +  3) 2/Fo  +  103)  = 


etc. 


From  this,  it  is  apparent 


that.r2/ri  =  r-i/r2 - r„/rn_i  =  (Fo  +  3)./(Fo  +  103)=fc,  a  constant. 

Obviously,  F  is  the  sum  of  a  geometric  series  whose  first  term  is  rx 
and  whose  ratio  is  the  constant,  k.  Therefore  F=r,  +  r2--- 
+  r»/(  1  -  k),  and  F0=  (103 k  -  3)/(l  -  k). 


In  practice,  if  there  is  a  substantial  amount  of  gas  in  the  pack¬ 
age,  and  no  significant  desorption  of  gas  occurs  during  removal  of 
successive  portions,  we  take  the  average  value  of  k  from  the  in¬ 
verse  ratios  of  successive  r  values,  and  obtain  the  values  of  P,„ 
Foj  and  F  from  the  above  relationships.  Random  variations  in 
successive  k  values  indicate  experimental  error,  while  progres¬ 
sive  increase  in  successive  k  values  generally  indicates  either  de¬ 
sorption  of  gas  from  the  packaged  product  or  a  leak  in  the  pack¬ 
age  or  system. 

If  the  amount  of  gas  in  the  package  is  very  small,  or  a  signifi¬ 
cant  amount  of  gas  is  desorbed,  a  more  accurate  determination  of 
Fo  is  made,  after  sampling  the  gas  for  analysis. 

In  one  case,  air  is  admitted  to  the  package  and  capillary  system 
to  exactly  1  atmosphere,  while  the  buret  is  vacuumized.  Then 
this  air  is  allowed  to  expand  into  the  buret,  trapped  off,  and  meas¬ 
ured  at  1  atmosphere  as  ra.  Again,  from  the  PV  relationship 
0.01ra(Fo  +  103)  =  Fo  +  3,  or  0.01ra  =  (Fo  +  3)/(F0  +  103)  =A% 
the  constant  previously  derived.  Then,  by  substitution,  F0  = 
(103ra  —  300) /(100  —  ra).  In  the  other  case,  which  is  generally 
more  convenient,  the  package  and  capillary  systems  are  thoroughly 
pumped  out  to  remove  all  sorbed  gas,  then  the  pump  stopcock  is 
closed,  and  air  at  1  atmosphere  in  the  100-cc.  gas-measuring 
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Table 

1. 

Relationship 

of 

< 

o 

to  k 

and 

to  rr 

k 

rr 

Vo 

t 

rT 

Vo 

k 

rr 

Vo 

k 

Tr 

Vo 

b. 

11 

89 

9 

4 

0 

31 

69 

41 

9 

0 

51 

49 

101 

0. 

71 

29 

242 

0 

12 

88 

10 

6 

0 

32 

68 

44 

1 

0 

52 

48 

105 

0 

72 

28 

254 

0. 

13 

87 

11 

9 

0 

33 

67 

46 

3 

0 

53 

47 

no 

0 

73 

27 

267 

0 

14 

86 

13 

3 

0 

34 

66 

48 

5 

0 

54 

46 

114 

0 

74 

26 

282 

0 

15 

85 

14 

6 

0 

35 

65 

50 

8 

0 

55 

45 

119 

0 

75 

25 

297 

0 

16 

84 

16 

0 

0 

36 

64 

53 

2 

0 

56 

44 

124 

0 

76 

24 

314 

0 

17 

83 

17 

5 

0 

37 

63 

55 

7 

0 

57 

43 

130 

0 

77 

23 

332 

0 

18 

82 

19 

0 

0 

38 

62 

58 

3 

0 

58 

42 

135 

0 

78 

22 

352 

0 

19 

81 

20 

5 

0 

39 

61 

60 

9 

0 

59 

41 

141 

0 

79 

21 

373 

0 

20 

80 

22 

0 

0 

40 

60 

63 

7 

0 

60 

40 

147 

0 

80 

20 

397 

0 

21 

79 

23 

6 

0 

41 

59 

66 

5 

0 

61 

39 

153 

0 

81 

19 

423 

0 

22 

78 

25 

2 

0 

42 

58 

69 

4 

0 

62 

38 

160 

0 

82 

18 

453 

0 

23 

77 

26 

9 

0 

43 

57 

72 

4 

0 

.63 

37 

167 

0 

83 

17 

485 

0 

24 

76 

28 

6 

0 

44 

56 

75 

6 

0 

64 

36 

175 

0 

84 

16 

522 

0 

25 

75 

30 

3 

0 

i5 

55 

78 

8 

0 

65 

35 

183 

0 

85 

15 

564 

0 

26 

74 

32 

1 

0 

46 

54 

82 

2 

0 

66 

34 

191 

0 

86 

14 

611 

0 

27 

73 

34 

0 

0 

47 

53 

85 

7 

0 

67 

33 

200 

0 

87 

13 

666 

0 

28 

72 

35 

.9 

0 

48 

52 

89 

3 

0 

68 

32 

210 

0 

88 

12 

730 

0 

29 

71 

37 

.9 

0 

49 

51 

93 

1 

0 

69 

31 

220 

0 

89 

11 

806 

0 

30 

70 

39 

.9 

0 

50 

50 

97 

0 

0 

70 

30 

230 

0 

90 

10 

897 

luret  is  allowed  to  expand  into  the  vacuumized  package  and 
apillary  system.  At  equilibrium  the  side-arm  stopcock  is  closed 
,nd  the  air  remaining  in  the  buret  is  measured.  Calling  this 
eading  rT,  we  have,  from  the  PV  relationship,  100  =  0.01/-,. 
Vo  +  103)  and  100  —  rr  =  0.01rr(F  +  3).  Dividing  the  second  of 
hese  equations  by  the  first,  we  find  k  =  1  —  0.01rr,  and,  by  sub- 
titution,  Vo  =  (100/0. 01rr)  —  103.  Table  I  gives  Co  for  various 
-alues  of  k  and  rr. 

DETERMINATION  OF  TRUE  DENSITY 

This  apparatus  permits  reasonably  accurate  determination  of 
he  true  density  of  dry  powdered  or  granular  materials,  such  as 
•offee,  milk  powder,  and  dehydrated  soups,  which  are  not  well 
luited  to  true  density  determinations  by  liquid  displacement, 
[n  this  case,  density  is  actually  determined  by  gas  displacement. 
It  is  merely  necessary  to  determine  the  weight  of  the  package 
iontents  and  divide  this  by  the  total  net  volume  less  the  gas  space 
volume,  to  obtain  the  true  density  of  the  packaged  product. 

In  the  case  of  flexible  vacuum  packages,  where  there  is  no  free 
lead  space,  and  the  package  contents  are  firmly  compressed  by 
jxternal  atmospheric  pressure,  the  apparent  or  bulk  density  of  the 
product  is  given  by  dividing  the  net  weight  by  the  total  net 
volume.  There  is  then,  of  course,  a  definite  relationship  between 
true  density,  apparent  density,  net  weight,  and  gas  space  volume. 
When  working  with  a  packaged  material  that  is  very  uniform  in 
apparent  and  true  densities,  it  is  convenient  to  use  this  relation¬ 
ship  for  checking  the  accuracy  of  F0  determinations  on  individual 
packages,  or  indeed  as  a  means  of  obtaining  the  most  reliable 
value  of  Vo  for  the  individual  package. 

As  an  example  of  this,  standard  Ottawa  test  sand  was  used  in 
work  on  experimental  flexible  vacuum  packaging  to  test  the  ef¬ 
fectiveness  of  different  packaging  materials  and  methods.  This 
sand,  being  substantially  pure  quartz,  has  a  true  density  of  2.65 
grams  per  cc.  In  the  50-  to  70-mesh  size,  found  most  suitable  for 
this  experimental  packaging  work,  its  apparent  density  is  con¬ 
sistently  1.62  grams  per  cc.  The  gas  space  volume  per  gram  of 
packaged  sand  is  then  1/1.62  —  1/2.65  =  0.24  cc. 

ACCURACY  OF  VOLUME  AND  PRESSURE  DETERMINATION 

In  addition  to  experimental  errors  in  reading  the  buret,  other 
errors  may  be  introduced  through  failure  to  level  the  mercury 
tube  properly,  leaks  in  the  system,  variations  in  temperature, 
failure  to  establish  complete  pressure  equilibrium  before  closing 
the  side-arm  stopcock,  sorption  or  desorption  of  water  vapor  or 
gases,  and  in  various  other  ways.  However,  with  careful  tech¬ 
nique,  and  by  conducting  all  measurements  in  a  room  main¬ 
tained  at  75°  ±2°  F.,  the  author  has  obtained  reasonably  accu¬ 
rate  and  reproducible  results  over  a  considerable  range  of 
gas-space  volumes  and  pressures. 


In  order  to  check  the  accuracy  of  the  method,  it  has  been  ap¬ 
plied  to  known  conditions  from  time  to  time.  As  an  example,  a 
small  round-bottomed,  ring-necked  flask  was  tightly  fitted  with  a 
rubber  stopper  carrying  a  short  capillary  connecting  tube.  The 
volume  was  determined,  by  weight  of  water  contained,  as  128.6 
cc.  This  flask,  clean  and  dry,  was  then  connected  to  the  capil¬ 
lary  system  in  place  of  the  special  puncturing  device,  and  its  gas- 
space  volume  was  determined  repeatedly  by  the  methods  de¬ 
scribed.  Typical  data  for  a  number  of  repeat  runs,  with  varying 
amounts  of  air  in  the  flask  at  the  start  of  the  run,  are  given  in 
Table  II. 


Table  II.  Gas-Space  Volume  Results  on  a  Known  Volume 

Flask 

Vacuumized, 
Buret  at  1 

Run  1  Run  2  Run  3  Atmosphere 


r 

k 

Vo 

r 

k 

Vo 

T 

k 

Vo 

rT 

Vo 

55.5 

45.0 

30.5 

0.568 

129 

0.567 

128 

0.574 

132 

43.0 

130 

31.5 

0.572 

131 

25.5 

0.569 

129 

17.5 

0.560 

124 

43.5 

127 

18.0 

0.562 

125 

14.5 

0.570 

130 

9.8 

0.566 

128 

53.2 

129 

10.1 

8.25 

5.55 

0.565 

127 

0.570 

130 

0.567 

128 

43.3 

128 

5.7 

0.570 

130 

4.7 

0.564 

126 

3.15 

0.572 

131 

43.2 

129 

3.25 

2.65 

1.80 

Av. 

0.567 

128. 

2 

0.568 

128. 

8 

0.568 

128. 

8 

128.6 

The  true  density  of  50-  to  70-inesh  Ottawa  test  sand  was  found 
to  be  2.65  grams  per  cc.  by  displacement  of  water,  in  excellent 
agreement  with  the  literature  values  of  2.653  to  2.660  grams  per 
cc.  for  the  density  of  quartz.  Then  175.0  grams  of  this  sand, 
clean  and  dry,  were  placed  in  the  flasks  described  above,  and  its 
gas-space  volume  was  again  determined.  The  results  are  given 
in  Table  III. 


Table  III.  True  Density  of  Sand  by  Gas  Displacement 


Flask 

Vacuumized 

Buret  at  1 

Run  1 

Run  2 

Run  3 

Atmosphere 

r 

k 

Vo 

r 

k 

Vo 

r 

k 

Vo 

rr 

Vo 

38.0 

0.395 

62.3 

29.0 

0.397 

62.9 

31.5 

0.397 

62.9 

15.0 

11.5 

12.5 

60.5 

62.3 

0.394 

62.0 

4.55 

0.396 

62.6 

4.95 

0.396 

62.6 

60.3 

62.9 

5.90 

0.398 

63.1 

0.395 

62.3 

0.394 

62.0 

2.35 

1.80 

1.95 

60.5 

62.3 

Av. 

0.396 

62.5 

0.396 

62.6 

0.396 

62.5 

62.5 

True  volume  of  175.0  grams  of  sand  =  128.6  —  62.5  —  66.1  cc. 
True  density  of  sand  =  175.0  -s-  66.1  =  2.65  grams  per  cc. 


Table  II  shows  that  Vo  values  based  on  single  k  values  deviated 
as  much  as  3%  and  Va  values  based  on  single  rr  values  deviated 
more  than  1%  from  the  known  value,  but  that  average  deter¬ 
mined  Vo  values  were  in  excellent  agreement  with  the  known 
value.  Deviations  of  individual  F0  values  in  Table  III  from  the 
average  are  somewhat  less,  and  the  true  density  of  sand  based  on 
the  average  V0  values  is  in  complete  agreement  with  that  ob¬ 
tained  by  displacement  of  water. 

APPLICATION  TO  FOOD  PRODUCTS  SEALED  IN  RIGID  CONTAINERS 

Although  primarily  interested  in  the  gas  content  of  flexible 
vacuum  packages,  the  author  has  applied  the  apparatus  and 
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Weights,  Grams 


Gross  181.6 

Tare  56.3 

Net  125.3 


Volumes,  Cc. 

Gross  220.2 

Tare  7  2 

Net  213.0 

Temperature,  75°F. 
Barometer,  760  mm. 


Tabic  IV,  Peanuts  Vacuum-Packed  in  a  Can 


Gas  Measurement 
t  k  V o 

7 . 25 

0.496  95.4 

3.60 

0.486  91.6 

1.75 

Av.  0.491  93.5 

Package  Vacuumized, 
Buret  at  1  Atmosphere 
r  =  50.5  cc. 
r  Vo  =  95.0  cc. 


Gas  Analysis 


Sample,  9.24  cc. 

C02  1.16  =  12.6% 
Oa  0.00  =  0.0% 

N2  8.08  =  87.4% 

Av.  Vo  =  94.0 


CO2  =  1.85  cc. 

N2  =  12.85  cc. 


True  Density 


125-3 

213-94  ~  l'°°  Srams  per  cc. 

Po  -  V/Vo  =  0.156  atm. 
Vacuum  =  25.3  inches 
Oxygen  reacted  with  peanuts 
during  storage0  =  3.4  cc 
=  0.025  N.T.P.  cc.  per 
gram 


“  Assuming  all  nitrogen  present  in  residue  from  air  sealed  in  package. 


Table  V.  Whole  Milk  Powder  Gas-Packed  in  a  Can 


set  of  results  on  this  type  of  packag6 
examined  25  days  after  packing. 

Here  we  have  an  example  o 
a  semirigid  container  which  h 
swollen  somewhat  at  the  start  o 
the  test,  because  of  an  interna 
gas  pressure  greater  than  1  atmos 
phere,  and  of  a  packaged  producl 
which  progressively  desorbs  ga; 
as  the  pressure  is  reduced,  both 
conditions  complicating  interpre¬ 
tation  of  the  data  and  making 
the  results  less  certain.-  How¬ 
ever,  results  on  a-number  of  similar 
packages  on  the  game  lot  of  coffee 
were  in  agreement  within  ±5%  or 
better. 


Weights,  Grams 


Gross  184.9 

Tare  60.9 

Net  124.0 


Volumes,  Cc. 

Gross  207 . 0 

Tare  7  8 

Net  199.2 

Temperature,  75°  F. 
Barometer,  761  mm. 


Gas  Measurement 

r  k  Vo 

21.5 

0.490  93.1 

10.5 

0.495°  95.0“ 
5.20“ 

0.520“  105“ 

2.70“ 

Package  Vacuumized, 
Buret  at  1  Atmosphere 
rr  —  51.0  cc. 

Vo  =  93.1  cc. 


Gas  Analysis 


Sample  20.0  cc. 

C02  17.0  =  85.0% 

O2  0.08  =  0  4% 

N2  2.92  =  14.6% 

Av.  Vo  =  93.1  cc. 
rr  _  n 


r^k  =  42.2 
CO2  =  35.87  cc. 

O2  =  0.17  cc. 

N2  =  6.16  cc. 


“  These  values,  high  due  to  desorption  of  gas,  omitted  from  averages 
6  Assuming  all  nitrogen  present  is  residue  from  air  sealed  in  package.' 


method  to  food  products  packed  in  various  sizes  of  cans  and  glass 
jars  with  metal  or  paperboard  covers.  The  usual  procedure  with 
such  packages  is  to  weigh  them  and  determine  their  gross  volume 
by  displacement  of  water,  then  to  seal  them  to  the  apparatus  and 
determine  the  gas  space  volume  and  gas  content  and  composi¬ 
tion,  and  finally  to  empty  the  contents  and  determine  the  tare 
weight  and  volume.  The  true  density  of  the  solid  contents  may 
be  calculated  from  these  data.  The  results  obtained  on  a  vac¬ 
uum  packed  can  of  peanuts  are  given  in  Table  IV. 

Examination  of  the  data  in  Table  IV  indicates  that  the  package 
was  free  from  leaks,  that  there  was  little  desorption  of  gas  from 
the  peanuts  during  examination,  that  the  peanuts  were  relatively 
freshly  roasted  when  packed,  since  they  evolved  some  carbon 
dioxide  after  packing,  that  they  were  sealed  at  approximately 
24.8-mch  vacuum,  and  that  during  storage  substantially  all  the 
oxygen  of  the  residual  air  in  the  package  reacted  with  the  pea¬ 
nuts.  The  age  of  this  package  of  peanuts  was  not  known,  but 
it  was  at  least  several  months.  The  peanuts  were  crisp  and  dry, 
but  very  slightly  stale  and  rancid,  owing  to  the  action  of  the  oxy¬ 
gen  absorbed. 

The  results  obtained  on  a  can  of  commercially  gas-packed  whole 
milk  powder  purchased  on  the  open  market  are  given  in  Table  V. 

The  fact  that  the  true  density  found  here  is  lower  than  the 
^27  value  reported  by  Muers  and  Anderson  U)  is  attributed  to  ■ 
effectively  sealed  gas  spaces  inside  the  particles,  and  indicates 
0.07  cc.  of  such  contained  gas  per  gram  of  powder,  in  agreement 
with  the  values  which  they  reported  for  normal  whole  milk  pow¬ 
ders.  When  the  milk  from  this  package  was  reconstituted  to 
normal  whole  milk  concentration,  it  was  found  to  be  very  slightly 
iancid.  This  would  be  expected  from  the  indicated  amount  of 
oxygen  m  the  package  when  sealed,  which  is  slightly  in  excess  of 
the  maximum  safe  limit  of  0.01  cc.  per  gram  reported  by  Lea 
Moran,  and  Smith  (3). 

Although  the  apparatus  was  primarily  designed  for  examination 
of  smaller  packages,  it  has  been  applied  satisfactorily  to  1-pound 
cans  of  vacuum-packed  coffee.  Table  VI  presents  a  typical 


True  Density 


124.0 

199.2-93  1  ~  117  grams 
per  cc.  . 

Po  =  V/Vo  =  0.454  atm. 
Vacuum  =  16.4  inches 
Oxygen  reacted  with  milk 
during  storage  *>  =  1.47  cc 
=  0.011  N.T.P.  cc.  per 
gram 


APPLICATION  TO  FOOD  PRODUCTS  IN 
FLEXIBLE  VACUUM  PACKAGES 


The  method  has  been  ap¬ 
plied  to  large  numbers  of  flexible 
vacuum  packages  of  dry  food 
products,  including  coffee,  whole 
milk  powder,  ice  cream  mix, 
dehydrated  soups,  and  peanuts, 


in  =*=5%  or  better  on  duplicate 
packages  of  the  same  lot. 

- - - To  illustrate  results  on  a  flexibh 

package  with  above  1  atmosphere 
internal  gas  pressure,  the  data  ir 
Table  VII  are  for  freshly  roasted 
np-grind  coffee,  of  the  same  lot  as  that  in  Table  VI,  but 
vacuum-packed  in  a  nonpermeable  flexible  package  1.5  hour-; 
after  grinding,  and  examined  19  days  after  packing 
The  figures  for  true  density  of  this  sample  of  drip-grind  coffee 
are  m  close  agreement  when  packed  in  the  rigid  and  in  the  flexible 
package,  as  shown  in  Table  VI  and  VII. 

Application  of  the  method  to  flexible  vacuum  packages  with 
very  little  residual  gas  is  illustrated  in  Table  VIII,  covering  exami¬ 
nation  of  a  package  of  dry  whole  milk,  sealed  at  29  5-inch 

weeks 'la  tor  &  n°npermeable  flexible  Package,  and  examined  6 

The  calculation  of  gas  contained  in  the  dry  milk  particles  is 
based  on  the  true  density  of  1.27  grams  per  cc.  reported  by  Muers 
and  Anderson  (3)  and  the  value  of  1.14  found  by  gas  displace¬ 
ment.  This  amounts  to  9.4  cc.  for  the  105  grams  of  dry  milk  in 
hat  package,  and  offers  an  explanation  of  the  source  of  the  6.0 

f  f'r  ^Td  “  the  package’  as  compared  with  less  than  2  cc. 
lat  should  have  been  left  in  the  free  gas  space  of  the  package 
w-hen  it  was  sealed  at  29.5-inch  vacuum.  This  package,  and 
o  ers  of  the  same  lot,  showed  a  bell-jar  vacuum  of  29.5  inches 
immediately  after  sealing,  dropped  to  29  inches  overnight,  and 
reached  substantial  equilibrium  at  27  inches  in  about  a  week. 

his  is  clear  evidence  that  the  increasing  internal  gas  pressure 
was  not  due  to  leakage,  but  to  gradual  desorption  of  gas  from  the 
milk  powder. 


Apparently,  air  contained  inside  the  walls  of  the  dry  milk 
particles  was  not  entirely  removed  during  vacuumizing  and 
sealing  of  the  package,  but  gradually  diffused  into  the  space 
between  the  particles  after  the  package  was  sealed,  until  equilib¬ 
rium  was  established. 

Among  the  many  studies  of  gas  content  of  food  products  in 
exible  vacuum  packages  to  which  the  method  has  been  applied 
an  interesting  example  is  that  of  the  relationship  between  fine¬ 
ness  of  grind  and  time  between  grinding  and  packing  of  freshly 
roasted  coffee  and  the  amount  and  composition  of  gas  evolved  by 
the  vacuum-packed  coffee  at  equilibrium. 
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A  representative  15-pound  sam¬ 
ple  of  a  regular  commercial  blend 
i>f  Colombian  and  Costa  Rican  cof- 
ee  was  taken  from  a  450-pound 
ot  immediately  after  roasting. 
Twenty  minutes  later,  this  sample 
vas  ground  on  a  small  power 
;rinder,  one  third  of  it  to  “regular 
;rind”  size,  one  third  to  “drip- 
;rind”  size,  and  one  third  to 
‘pulverized”  size.  These  three 
grinds  were  then  packed  at  29.5- 
nch  vacuum  in  lots  of  five  packages 
if  each  grind,  at  four  different  time 
ntervals  after  grinding.  Bell-jar 
vacuum  determinations  were  made 
in  these  packages  at  intervals  for 
10  days,  by  which  time  substantial 
iressure  equilibrium  had  been 
eached.  The  packages  were  then 
examined  for  gas  content.  The  bell- 
ar  vacuum  results  are  given  in 
Table  IX,  each  value  representing 
he  average  for  five  packages. 

The  results  of  the  examination  of 
hese  packages  for  gas  content  and 
;as  composition  are  summarized  in 
Table  X,  each  value  representing 
he  average  for  five  packages.  In 
;eneral,  results  for  individual  pack- 
iges  did  not  deviate  from  the  group 
iverages  by  more  than  ±2  to 
*5%. 

Results  such  as  those  in  Tables 
X  and  X,  for  a  particular  blend 
md  roast  of  coffee,  permit  selection 
if  fineness  of  grind  and  time  interval 
letween  grinding  and  packing  re¬ 
tired  to  prevent  swelling  of  flexible 
racuum  packages  due  to  gases 
ivolved  after  sealing.  They  also 
how  the  amount  of  residual  oxy- 
;en  in  the  packages,  which  eventu- 
dly  reacts  substantially  completely 
vith  the  coffee.  Studies  are  planned 
o  correlate  the  amount  of  ab- 
orbed  oxygen  with  the  staleness 
ir  rancidity  of  the  coffee  after 
various  times  and  conditions  of 
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Table  VI.  Drip-Grind  Coffee  Vacuum-Packed  in  a  Can 


Weights,  Grams 


Gross  606 . 5 
Tare  151.5 
Net  455.0 

Volumes,  Cc. 

Gross  1010 
Tare  20 
Net  990 

Temperature,  75°  F. 
Barometer,  762  mm. 


Gas  Measurement 


90.0 

75.5 

63.5 


k 

0.839 

0.841 


To 

518a 

526° 


Package  Vacuumized, 
Buret  at  1  Atmosphere 


rr  =  17.0  ce. 

Vo  —  485  cc.  b 
Probable  Vo  =  510  cc.' 


Gas  Analysis 


Sample  50 . 0  cc. 

C02  40.5  =  81.0% 
02  0.45  =  0.9% 

CO  3.30  =  6.6% 

N2  5.75  =  11.5% 

V'  =  ^  __  ;  =  550  cc. 

C02  =  445  cc. 

CO  =  36  cc. 

02  =  5  cc. 

N2  =  63  cc. 


True  Density 


455 

990-510 


0.95  gram  per 
cc. 


Pa  —  V /Vo  —  1.08  atmos¬ 
pheres 

Vacuum  =  —2.4  inches 
Oxygen  reacted  with  coffee 
during  storage  =  12  cc. 
=  0.024  N.T.P.  cc.  per 
gram 


?  Values  somewhat  high,  Owing  to  progressive  desorption  of  gas. 
'  Value  low,  because  ends  of  can  are  now  pushed  in  somewhat. 
c  Approximate  value  at  start  of  test,  probably  ±5  to  10  cc. 


Drip-Grind  Coffee  Vacuum-Packed  in  a  Flexible  Package 


Table  VII. 

Weights,  Grams 

Gross  92.2 
Tare  6.8 
Net  85.4 

Volumes,  Cc. 

Gross  175 1> 

Tare  5 
Net  170 

Temperature,  75°  F. 
Barometer,  758  mm. 


Gas  Measurement 

ri  =  53.5  cc. 
rr  =  55.5  cc. 

Vo  =  77.2  cc. a 

Gas  Analysis 
Sample  50.0  cc. 

C02  44.1  =  88.2% 
02  0.15  =  0.3% 

CO  3.20  =  6.4% 

Ns  2.55  =  5.1% 


Gas  Content 
V  =  n(Fo  +  103)  = 
100 

96 . 5  cc. 
COs  —  85.1  cc. 

CO  =6.2  cc. 

Os  =  0.3  cc. 

N2  =  4 . 9  cc 
Oxygen  reacted  with 
coffee  during  storage 
=  1.0  cc.  =  0.011 
N.T.P.  cc.  per  gram 
Pa  =  V/Va  =  1.25  at¬ 
mosphere' 


Density 
True  =  85.4 

170-77 . 2  =  0.92 
gram  per  cc. 

Bulk  =  85.4/170  =  0.50 
gram  per  cc. 


a  With  package  walls  collapsed  against  contents. 

6  From  measurement  of  package  dimensions  before  evolution  of  gas  caused  it  to  swell. 
c  If  package  walls  had  not  swelled. 


Tabic  VIII.  Dry  Whole  Milk  in  a  Flexible  Vacuum  Package 


Weights, 

Grams 


Gross  112.0 
Tare  7.0 
Net  105.0 


Volumes,  Cc. 
Gross  155 
Tare  5 
Net  150 


Gas  Measurement 
r  k  Vt 

0.374  56.7 

1.40 

rr  =  62.0  cc. 

Vo  =  58.3  cc. 

Av.  Vo  =  57.5  cc. 


Bell-jar  vacuum  =  27  inches 


Gas  Analysis 


Density 


Sample  5.00  cc. 

02  1.00  =  20.0% 

N2  4.00  =  80.0% 

V  =  «  n 

1  —  k  =  6 . 0  cc. 
02  =  1 . 2  cc. 

N2  =  4 . 8  cc. 

Pa  =  V/Va  —  0.103  at¬ 
mosphere 


True  =  -  _  ,  =  1.14  grams  per  cc. 

150-57 . 5 

Bulk  =  105/150  =  0.70  gram  per  cc. 

Gas  contained  in  dry  milk  particles  = 
1/1.14-1/1.27  =  0.09  cc.  per  gram 

Vacuum  =  26.9  inches 


forage. 

Approximate  determinations  of  true  density  were  made  on 
reshly  roasted  and  ground  coffee  by  displacement  of  a  light  pe- 
roleum  naphtha,  but  some  error  due  to  solubility  of  the  coffee 
•il  is  introduced.  The  results  vary  for  different  grinds  of  the 
ame  coffee,  increasing  with  the  fineness  of  grind,  indicating  sub- 
tantial  residual  entrapment  of  gases  in  the  cellular  structure. 
The  author  has  found  true  density  values  for  coffee  varying  from 
i.90  gram  per  cc.  for  a  lightly  roasted  regular  grind  to  1.30  grams 
ler  cc.  for  a  heavily  roasted  pulverized  coffee.  These  figures 
heck  those  shown  in  Table  X,  obtained  by  a  different  method. 


Table  IX.  Effect  of  Grind  and  Age  on  Gas  Pressure  Developed 

by  Coffee 

Average  bell-jar  vacuum  readings  for  groups  of  five  3-ounce  flexible  vacuum 
packages  of  one  lot  of  freshly  roasted  coffee,  in  three  grinds,  packed  at  four 
times  after  grinding 

^  Age  When  Packed,  Hours _ 


after  Regular  Grind  Drip  Grind  Pulverized  Grind 


Packing 

0.6 

1.3  3.5 
Inches 

4.1 

0.6 

1.3  3.5 
Inches 

4.1 

0.6 

1.3  3.5 

Inches 

4.1 

i 

6 

10 

14 

15 

7 

ii 

15 

16 

26 

26 

26 

26 

2 

'  2 

6 

11 

12 

4 

8 

12 

13 

25.5 

25.5 

25.5 

25.5 

4 

-1 

2 

7 

8 

1 

5 

8 

9 

25 

25 

25 

25 

8 

-2 

0 

4 

5 

0 

3 

6 

7 

24 

24 

24 

24 

14 

-4 

-2 

1 

2 

-2 

0 

2 

3 

23 

23 

23 

23 

40 

-5 

-3 

0 

1 

-3 

-1 

1 

2 

22 

22 

22 

22 

IMPLICATION  TO  GAS  LEAKAGE  OR  PERMEATION  INTO  PACKAGES 

Leakage  or  permeation  of  air  into  flexible  vacuum  packages 
nade  of  various  sheet  materials  can  be  determined  by  this 
nethod.  Test  packages  are  filled  with  the  50-  to  70-mesh 
Ottawa  sand  previously  described  and  sealed  at  29.5-inch 
•acuum.  These  packages  are  then  stored  under  any  desired 
onditions  and  tested  from  time  to  time  for  residual  vacuum  by 
he  bell-jar  method.  Representative  packages  are  examined  at 
uitable  intervals  for  gas  content  and  gas  composition.  Since 
he  sand  exhibits  no  significant  sorption  or  desorption  of  gases, 
ny  change  in  gas  content  on  storage  is  due  to  leakage  through 


Negative  values  represent  internal  pressures  above  1  atmosphere,  and  are 
only  estimates  of  conditions  that  would  have  prevailed  if  package  walls  had 
not  swelled. 


pinholes  or  faulty  seals  or  to  permeation  through  the  sheet  ma¬ 
terial  itself. 

In  general,  uniform  decrease  in  residual  vacuum  for  all  similar 
packages  made  of  a  particular  material  is  clear  evidence  of  gas 
entry  by  permeation  instead  of  leakage,  since  it  is  extremely  im¬ 
probable  that  any  two  packages  would  leak  at  exactly  the  same 
rate.  When  gas  entry  is  by  permeation  only,  determination  and 
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Tabjc  X.  Effect  of  Grind  and  Age  When  Packed  on  Gas  Evolved  in  40  Days  by  Coffee 
Vacuum-Packed  in  Impermeable  Flexible  Packages 


Regular  Grind 


Av.  true  density, 
grams  per  cc. 

Av.  bulk  density, 
grams  per  ec. 

Age  when  packed, 
hours 

Av.  net  weight, 
grams 

Av.  gas  space,  Vo, 
cc.a 

Av.  gas  content,  V, 

CC.  b 

Av.  pressure,  Pa, 
atm.c 

Av.  gas  composition 


Drip  Grind 


Pulverized  Grind 


0.6 

78.0 

74 

135 

1.82 


0.95 

0.50 

1.3  3.5 

76.8  81.6 
73  77 

115  90 

1.58  1.17 


4.1 

80.2 

76 

80 

1.05 


0.6 

81.0 

75 

115 

1.54 


1.00 

0.52 

1.3  3.5 

79.2  80.6 

73  75 

90  80 

1.23  1.07 


4.1 

80.8 

75 

75 

1.00 


0.6 

77.0 

70 

19.5 

0.278 


1.30 

0.60 

1.3  3.5 

77.0  81.0 

69  73 

19.0  19.5 

0.275  0.267 


CO2,  cc. 

125 

105 

80 

70 

106 

81 

71 

66.2 

12.5 

12.0 

CO,  cc. 

6.3 

6.0 

5.8 

5.7 

5.5 

5.6 

5.5 

5.4 

3.0 

2.8 

O2,  cc. 

0.5 

0.6 

0.5 

0.4 

0.4 

0.3 

0.3 

0.2 

0.2 

0.2 

N2,  cc. 

Av.  CO2,  N.T.P.  cc. 

3.2 

3.4 

3.7 

3:9 

3.1 

3.1' 

3.2 

3.2 

3.8 

4.0 

per  gram 

1.47 

1.26 

0.90 

0.80 

1.20 

0.94 

0.81 

0.75 

0.15 

0.14 

“  Calculated  from  average  true  and  bulk  densities,  independently  determined. 

6  Calculated  by  formula  V  =  n  (Fo  +  103)/100. 

c  Prom  P„  =  V/V0;  values  over  1.00  are  those  that  would  obtain  if  package  walls  were  rigid. 


12.0 

3.0 

0.2 

4.3 


4.1 
86.8 
78 

20.5 
0.263 

12.6 

3.2 
0.2 
4.5 


0.13  0.13 


Table  XI.  Sand  Vacuum-Packed  in  Permeable  Flexible  Packages 


Package  No. 

Net  weight,  grams 
Gas  space,  Vo,  cc. 

Day  examined,  D 
O2  pressure,  P,  atmosphere 
N2  pressure,  P,  atmosphere 


1  2  3 

265  275  276 

63.6  66.0  66.3 

0  0  10 

0.002  0.002  0.063 

0.008  0.007  0.051 


O2  permeability,  Ro,  N.T.P.  cc.  per  sq.  meter  per  day  71 
per  atmosphere 

N2  permeability,  Rif,  N.T.P.  cc.  per  sq.  meter  per  day  12 
per  atmosphere 

Air  permeability,  Ra,  N.T.P.  cc.  per  sq.  meter  per  24 
per  day  per  atmosphere,  calculated  from  O2  and 
Ns  permeabilities 

Directly  determined  on  sheet  material 


286 

68.6 

10 

0.064 

0.052 

74 

12 

25 


271 
65  0 
42 

0.163 

0.166 


293 

70.4- 

42 

0.152 

0.152 


269 

64.6 

98 

0.201 

0.316 


8 

277 

66.5 

98 

0.202 

0.307 


Av. 

277 

66.5 


71 

66 

64 

68 

69 

11 

10 

10 

10 

11 

24 

22 

21 

22 

23 

27 


analysis  of  the  gas  in  the  package  permit  calculation  of  the  perme¬ 
ability  of  the  package  material  to  the  surrounding  gas  or  gases 
during  storage.  In  work  thus  far,  the  author  has  used  only 
storage  in  air  at  75°  F.,  50%  relative  humidity,  ambient  atmos¬ 
pheric  pressure,  which  has  permitted  determination  of  the  perme¬ 
ability  of  various  packaging  materials  to  oxygen  and  to  nitrogen 
under  these  conditions.  The  method,  however,  should  be 
equally  useful  for  determining  permeability  to  other  gases  under 
other  temperature  and  humidity  conditions  by  suitable  alteration 
of  the  storage  conditions. 

For  gas  entering  a  package  by  permeation,  with  no  sorption  or 
desorption  by  the  package  contents,  dV  =  1.087  RA  ( Px  —  P)dD, 
where  V  is  the  volume  of  gas  inside  the  package,  if  measured  in 
cubic  centimeters  at  75°  F.,  1  atmosphere,  R  is  the  permeability 
of  the  package  material  in  N.T.P.  cc.  per  square  meter  per  day 
for  1-atmosphere  pressure  difference,  A  is  the  area  of  the  package 
material  in  square  meters,  Px  is  the  external  gas  pressure  in  at¬ 
mospheres,  P  is  the  internal  gas  pressure  in  atmospheres,  and  D 
is  time  in  days.  But,  since  V  =  PV 0,  where  Vo  is  the,  gas-space 
volume  of  the  package  in  cubic  centimeters,  dV  =  V0 dP;  whence 
we  have  ln(Px-Pi)-ln  (Px-P2)  =  1.087  RA  (D2-Di)/V0. 

This  relation,  which  holds  for  each  gas  independently  of  the 
other  gases  present,  permits  calculation  of  the  permeability  of 
the  package  material  from  data  on  the  gas  content  of  the  package, 
obtained  by  the  author’s  method  a  suitable  number  of  days  after 
packing.  Conversely,  when  the  permeability  of  the  package 
material  to  oxygen  and  to  nitrogen  is  known,  it  permits  calcula¬ 
tion  of  air  permeation  into  the  package  and  prediction  of  internal 
pressure  at  any  future  date. 

Most  test  packages  of  sand  for  this  work  have  been  of  one 
standard  size,  containing  approximately  300  grams  of  sand, 
where  A  =  0.030  square  meters  and  V0  is  approximately  72  cc. 
The  actual  value  of  V0  for  these  packages  is  0.24  times  the  net 


weight  of  sand,  as  shown 
above.  When  these  pack¬ 
ages  are  sealed  at  29.5-inch 
vacuum,  the  residual  air  left 
in  each  package  is  approxi¬ 
mately  1.4  cc.,  or  0.3  cc.  of 
oxygen  and  1.1  cc.  of  nitro¬ 
gen,  so  that  for  oxygen  Pi  = 
0.004  and  Px  =  0.21,  while 
for  nitrogen  Pi  =  0.015  and 
=  0.79. 

In  studying  the  properties 
of  a  given  packaging  ma¬ 
terial,  a  considerable  num¬ 
ber  of  test  packages  are  filled 
with  sand  and  sealed  at 
29.5-inch  vacuum.  All  are 
checked  for  uniformity  of 
residual  vacuum  by  the  bell- 
jar  method,  which  inciden¬ 
tally  serves  to  detect  any  that 
are  leaking  moderately.  A 
few  representative  packages 
are  examined  for  amount  and 
composition  of  gas,  to  estab¬ 
lish  the  Pi  of  oxygen  and 
nitrogen  at  time  Dx.  The 
remaining  packages  are 
checked  for  uniformity  of 
decrease  in  residual  vacuum 
at  suitable  intervals.  When 
there  has  been  a  substantial 
drop  in  vacuum,  say  to  25 
inches  or  so,  one  or  more 
packages  are  examined  for 
amount  and  composition  of 
gas.  This  permits  calculation  of  the  permeability  of  the  package 
material  to  oxygen  and  nitrogen  and  prediction  of  the  amounts  of 
each  of  these  gases  in  the  remaining  packages  as  of  any  future  date. 

As  an  illustration  of  the  application  of  this  method  data  are 
given  in  Table  XI  on  eight  packages  of  sand  packed  at  29.8- 
inch  vacuum  in  a  cellulose  acetate— Pliofilm  lamination. 

The  values  of  air  permeability  hold  only  for  the  condition  that 
the  ratio  of  partial  pressure  of  oxygen  to  partial  pressure  of  nitro¬ 
gen  is  the  same  on  both  sides  of  the  sheet  as  their  ratio  in  normal 
air.  The  calculated  air  permeability  is  given  by  Ra  = 
0.21  R0  +  0.79  Rif,  while  the  direct  determination  of  air  perme¬ 
ability  was  by  a  method  developed  by  the  author  ( 2 ). 

Similar  determinations  on  various  cellophane-Pliofilm  lami¬ 
nations  have  shown  oxygen  permeabilities  ranging  from  6  to  30  and 
nitrogen  permeabilities  from  2  to  10  N.T.P.  cc.  per  square  meter 
per  day  per  atmosphere.  With  the  exception  of  one  experimental 
transparent  sheet  material  which,  in  a  limited  preliminary  study, 
has  shown  an  oxygen  permeability  of  less  than  1  N.T.P.  cc.  per 
square  meter  per  day  per  atmosphere,  these  are  the  lowest  per- 
.  meabilities  the  author  has  found  for  flexible  packaging  materials 
containing  no  metal  foil.  On  the  other  hand,  a  considerable 
number  of  materials  containing  0.0005  inch  or  thinner  alumi¬ 
num  foil  in  combination  with  other  materials,  including  cello¬ 
phane,  Pliofilm,  and  various  heat-sealing  coatings,  have  shown  no 
measurable  gas  permeability. 

The  maximum  permissible  gas  permeability  of  sheet  material 
used  for  flexible  vacuum  packaging  depends,  of  course,  on  the 
product  to  be  packaged  and  the  shelf  life  required  of  the  package 
If  it  is  merely  required  that  the  package  retain  a  substantially 
lower  pressure  than  atmospheric  for  a  few  months,  a  material 
such  as  cellulose  aeetate-Pliofilm  lamination  might  serve.  How¬ 
ever,  for  many  food  products,  protection  against  oxygen  is  of  ut-  I 
most  importance  and  is  the  primary  reason  for  resorting  to 
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facuum  packaging.  In  these  cases,  the  package  material  must 
>e  substantially  impermeable  to  oxygen  and  to  water  vapor  in 
nany  instances. 

Dry  whole  milk,  for  example,  must  not  be  permitted  to  absorb 
nore  than  some  0.04  cc.  of  oxygen  per  gram  (4)  if  it  is  to  remain 
ree  from  staleness  or  rancidity.  Only  about  10%  of  this  amount 
emains  in  the  package  when  it  is  vacuum-packed  under  the 
post  favorable  commercial  conditions.  A  4-ounce  flexible 
racuum  package,  with  a  total  sheet  material  area  of  0.03  square 
neter  and  an  oxygen  permeability  of  1  N.T.P.  cc.  per  square 
neter  per  day  per  atmosphere,  would  admit  0.007  cc.  of  oxygen 
>er  day,  reaching  the  maximum  permissible  limit  of  4  cc.  in  about 
.8  to  20  months,  and  might  be  considered  to  give  commercially 
cceptable  protection  against  oxygen.  At  the  same  time,  dry 
vhole  milk  should  not  be  allowed  to  gain  more  than  some  2%  in 
inoisture  content  during  storage,  indicating  a  maximum  permis- 
ible  water  vapor  permeability  of  0.13  gram  per  square  meter  per 
lay  for  the  sheet  material,  under  the  conditions  of  storage,  to 
;ive  adequate  protection  for  18  to  20  months.  Incidentally,  in 
his  case  the  rates  of  permeation  of  both  oxygen  and  water  vapor 
nto  the  package  would  remain  practically  constant,  not  falling 


off  logarithmically  with  time,  because  both  would  be  absorbed 
substantially  completely  by  the  dry  milk  instead  of  building  up 
any  appreciable  back  pressure. 
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Determination  of  Egg  Yolk  in  Egg  White 

J.  H.  COOK  AND  V.  C.  MEHLENBACHER 
Swift  &  Co.,  Research  Laboratories,  Chicago,  III. 


\  method  for  the  quantitative  determination  of  traces  of  egg  yolk  in 
white  involves  the  extraction  and  estimation  of  the  cholesterol  car¬ 
ried  into  the  whites  by  the  contaminating  yolks,  and  the  correlation 
>f  this  value  with  the  yolk  content.  Data  are  presented  establishing 
he  constancy  of  this  relationship. 

N  THE  production  of  bulk  egg  whites  problems  of  variation  in 

the  finished  product  may  arise  to  which  there  are  no  ready 
inswers.  The  quality  of  a  batch  of  egg  whites  has  generally  been 
istimated  by  functional  bakery  tests  which  include  measurement 
if  the  whipping  properties  of  the  whites  together  with  examina- 
,ion  of  a  test  cake.  These  tests  serve  to  detect  poor  quality,  but 
rive  no  clue  as  to  its  cause.  Possible  causes  may  include  un¬ 
inown  quality  characteristics,  conditions  of  storage,  or  the  pres- 
;nce  of  yolk  in  the  white.  It  is  this  last  item  with  which  this 
laper  deals. 

During  the  breaking  and  separating  process  it  is  possible  for  a 
small  amount  of  yolk  to  escape  into  the  white,  and  bakery  tests 
lave  shown  that  only  a  trace  of  yolk  is  needed  to  reduce  materially 
she  quality  and  performance  of  the  white.  In  fact,  as  little  as 
D.05%  yolk  in  the  white  leads  to  a  noticeable  lowering  in  quality, 
.vhile  the  presence  of  0.10%  yolk  may  result  in  a  product  which  is 
lelow  a  satisfactory  standard. 

The  quantitative  determination  of  minute  quantities  of  a 
material  as  complex  in  composition  as  egg  yolk  necessarily  in¬ 
volves  the  use  of  procedures  not  generally  encountered  in  routine 
malysis.  The  obvious  attack  is  to  select  some  constituent  pres¬ 
ent  in  the  yolk  but  not  present  in  the  white,  and  set  up  a  pro¬ 
cedure  for  its  determination.  To  be  of  much  value,  this  con¬ 
stituent  must  bear  a  close  correlation  to  the  actual  amount  of  yolk 
present — i.e.,  it  must  occur  in  approximately  the  same  percentage 
in  all  egg  yolks. 

Since  egg  white  contains  no  fat,  the  first  approach  to  the 
problem  was  an  attempt  to  extract  the  fat  present  in  yolk- 
contaminated  whites,  correlating  this  result  with  the  percentage 
of  fat  in  yolk.  These  efforts  were  unsuccessful  because  of  the 
extremely  small  quantity  of  fat  actually  contributed  by  a  trace 
of  yolk  and  difficulty  in  extracting  this  small  amount.  Attention 


was  then  turned  to  the  possibility  of  detecting  the  cholesterol 
carried  into  the  whites  by  the  contaminating  yolks. 

Cholesterol  in  trace  quantities  has  been  detected  by  colori¬ 
metric  means  for  many  years  and  much  has  appeared  in  the 
literature,  especially  in  the  field  of  blood  chemistry.  The  prob¬ 
lem  at  hand  appeared  to  be  that  of  quantitatively  isolating  the 
cholesterol  from  the  contaminated  white.  Procedures  of  this 
type  have  been  applied  to  other  dairy  products  including  ice 
cream,  one  such  procedure  being  the  Mojonnier  modification  of 
the  Roese-Gottlieb  method  used  by  Lampert  (2)  in  his  work  on  ice 
cream  mixtures.  This  procedure  served  as  a  basis  for  a  begin¬ 
ning,  but  several  important  changes  were  necessary  in  order  to 
obtain  quantitative  extraction,  since  the  original  method  was 
intended  for  use  on  mixtures  containing  much  higher  percentages 
of  yolk  than  those  encountered  here.  Further  modifications  were 
necessary  because  egg  white,  in  the  presence  of  alcohol,  one  of  the 
solvents  used  in  the  method,  coagulates  into  a  gelatinous  mass 
which  resists  extraction. 

The  method  used  to  develop  the  color  wras  based  on  the  Lieber- 
mann-Burchard  reaction  for  cholesterol.  Many  references  to 
this  method  appear  in  the  literature  and  the  results  reported  are 
numerous  and  varied.  The  procedure  is  essentially  as  follows: 

Extracted  cholesterol  is  dissolved  in  some  anhydrous  reagent 
such  as  chloroform.  An  aliquot  is  pipetted  into  a  dry  tube  and  a 
specific  volume  of  a  10  to  1  mixture  of  acetic  anhydride-sulfuric 
acid  reagent  is  added.  The  color  which  develops  is  matched  with 
that  obtained  with  standards  treated  in  the  same  manner,  pre¬ 
pared  from  pure  cholesterol  dissolved  in  the  same  solvent. 

The  Coleman  Universal  Model  11  spectrophotometer  with  PC-4 
filter  was  used  throughout  this  work,  and  round  cuvettes,  19  X 
105  mm.,  were  used  for  all  readings.  To  establish  ideal  conditions 
it  became  necessary  to  study  color  development  of  this  reaction. 

EXPERIMENTAL 

The  first  efforts  were  directed  toward  applying  the  Coleman 
spectrophotometer  to  reading  the  color  developed  by  the  Lieber- 
mann-Burchard  reaction.  Solutions  containing  pure  cholesterol 
in  chloroform  were  prepared  and  a  procedure  recommended  by 
Reinhold  (3)  for  color  development  was  used.  Five  milliliters  of 
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a  chloroform  solution  containing  pure  cholesterol  were  pipetted 
into  a  dry  test  tube,  2  ml.  of  a  10  to  1  mixture  of  freshly  distilled 
acetic  anhydride  and  sulfuric  acid  were  added,  and  the  solution 
was  allowed  to  stand  in  the  dark  at  35°  C.  for  24  minutes.  The 
green  color  which  developed  was  read  in  the  spectrophotometer 
against  pure  chloroform  in  the  solvent  cell.  The  transmittance 
was  determined  over  the  range  400  to  800  mM  using  the  appropri¬ 
ate  filters.  The  spectral  transmittance  curve  obtained  appears 
in  Figure  1.  The  point  of  maximum  absorption,  640  m/x,  was 
used  for  all  measurements. 


Color  developed  with  pure  cholesterol  in  chloroform  using  acetic  anhydride- 
sulfuric  acid  mix 


The  intensity  of  the  color  produced  by  the  Liebermann- 
Burchard  reaction  is  dependent  not  only  upon  the  cholesterol  con¬ 
tent,  but  also  upon  the  time  of  standing  and  the  temperature.  A 
study  was  made  of  these  factors  to  establish  the  most  suitable 
conditions.  When  color  development  wras  allowed  to  take  place 
at  35°  C.,  the  color  increased  sharply  in  intensity  during  the  first 
few  minutes  of  reaction,  after  wrhich  it  gradually  faded  to  a  much 
lighter  shade. 

Work  by  Ireland  ( 1 )  indicated  that  use  of  lower  temperatures 
during  color  development  leads  to  much  more  favorable  results. 
After  trying  several  temperatures,  it  was  found  that  color  de¬ 
velopment  at  18°  C.  in  the  dark  gave  the  best  results.  A  com¬ 
parison  of  the  rate  of  color  formation  at  35°  and  18°  C.  appears  in 
Figure  2. 

While  color  development  is  slower  at  18°  C.,  it  leads  to  condi¬ 
tions  of  higher  stabihty  near  the  point  of  maximum  intensity; 
the  change  in  transmittance  between  readings  at  the  20-  and  30- 
minute  intervals  is  0.5%.  This  ehminates  the  need  for  making 
readings  after  an  exact  time  has  elapsed  and  permits  an  analyst 
to  run  a  greater  number  of  samples  at  one  time.  The  curve  in 
Figure  2  indicates  that  the  color  near  the  point  of  maximum  in¬ 
tensity,  when  developed  at  35°  C.,  is  unsatisfactory,  as  it  remains 
at  this  intensity  only  momentarily  and  is  in  a  gradual  state  of 
change  thereafter.  After  standing  for  25  minutes  the  rate  of 
change  is  not  so  rapid,  extensive  fading  having  already  occurred. 
Transmittance  curves  for  known  amounts  of  cholesterol  subjected 
to  the  color  development  procedure  at  both  temperatures  are 
shown  in  Figure  3. 

As  indicated  in  the  graph,  the  lower  temperature  is  the  more 
favorable.  Standing  time  refers  to  standing  in  the  lightproof 
cabinet  until  immediately  before  reading. 

For  ordinary  work  a  suitable  container  can  be  made  by  wrap¬ 
ping  several  sheets  of  asbestos  paper  around  a  tin  can.  The  lid  is 
lined  writh  asbestos  with  a  small  hole  through  the  top  just  large 
enough  to  permit  a  thermometer  to  pass.  The  can  may  be  placed 
on  an  asbestos  pad.  Water  is  poured  into  the  cabinet  and  regu¬ 
lated  to  18  °  ±  0.5  °  C.  It  will  be  found  to  change  less  than  0.5  °  C. 
in  a  half  hour.  The  tubes  containing  the  chloroform  solution 
of  cholesterol  must  remain  in  the  bath  at  18  °  C.  until  they  come  to 
temperature.  The  bath  is  regulated  to  maintain  proper  tempera¬ 


ture  control  and  the  reagent  is  then  delivered  to  each  tube.  Th 
hd  is  replaced  until  the  time  for  development  has  elapsed. 

Some  difficulty  was  encountered  in  extracting  the  cholesterc 
by  the  Mojonnier  modification  of  the  Roese-Gottlieb  procedure 
which  calls  for  successive  additions  of  alcohol,  ether,  and  petrc 
leum  ether,  with  a  shaking  period  after  each  addition.  The  alee 
hoi  coagulated  the  egg  white  to  form  a  gelatinous  mass  whin 
resisted  extraction.  After  several  unsuccessful  modifications  i 
was  found  that  addition  of  25  ml.  of  ammonia  to  the  sample  be 
fore  introducing  the  solvents  left  it  in  a  highly  fluid  state.  Thre 
extractions  are  made,  but  the  ammonia  need  be  added  only  once 
This  procedure  is  set  up  to  determine  all  the  cholesterol  present  ii 
a  10-gram  sample  of  egg  white,  but  when  analyzing  yolk,  a  1 
gram  sample  is  used  and  the  extracted  cholesterol  is  dissolved  ii 
chloroform.  This  is  made  to  volume  in  a  250-ml.  volumetrii 
flask  and  a  5-ml.  aliquot  is  used  for  analysis. 

In  order  to  establish  the  cholesterol  content  of  egg  yolk,  numer 
ous  individual  yolks  were  analyzed.  Some  of  the  values  ob 
tained  appear  in  Table  I. 

These  data  confirm  results  reported  in  the  literature  and  he  in  a 
sufficiently  close  range  to  provide  useful  criteria  for  the  amoun 
of  yolk  present. 

Eggs  of  varying  histories  were  separated  and  the  uncon 
taminated  whites  were  analyzed  (Table  II)  to  determine  thi 
blank  value  which  would  be  obtained  when  no  yolk  was  present 


Table  I.  Cholesterol  Content  of  Egg  Yolk 


Yolk  No. 


1 

2 

3 

4 

5 

6 

7 

8 
'  9 
10 

Av. 


Cholesterol 

Cholesterol  Contributed  by 
Adding  0.05%  Yolk  to  10 
Grams  of  White 

% 

Gram 

1.30 

0.000065 

1.20 

0.000060 

1.35 

0.000067 

1.35 

0.000067 

1.45 

0 . 000072 

1.20 

0.000060 

1.35 

0.000067 

1.25 

0.000062 

1.30 

0.000065 

1.40 

0.000070 

1.32 

0.000065 

Figure  2.  Effect  of  Temperature  on  Transmittance  over  a  One- 
Hour  Standing  Period 
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MG.  CHOLESTEROL 

(IN  5  ML  .  CHLOROFORM) 

Figure  3.  Comparison  of  Calibration  Curves 
At  35°  and  18°  C.,  650 


Table  II.  Blank  Value  of  Pure  Egg  White 


Cholesterol  in  10 

White  Grams  of  Sample 

Gram 


Fresh  white 


White  from  6  months  old  cold  storage  egg 

Av. 


0.00011 
0.00011 
0.00011 
0.00011 
0.00012 
0.00011 
0  00012 
0.00011 
0.00012 
.  0.00012 
0.000114 


’his  blauk  value  appears  to  be  essentially  the  same  for  all  egg 
,'hites.  Analyses  of  a  large  number  of  samples  of  pure  egg 
rhites  confirm  the  constancy  of  this  figure. 

;  Having  established  the  cholesterol  content  of  yolk  and  the 
dank  obtained  with  pure  white,  mixtures  of  yolk  in  white  in 
arying  percentages  were  prepared  and  analyzed. 

Table  III  indicates  that  the  process  accounts  for  all  the 
holesterol  in  the  sample.  Agreement  between  actual  figures  and 
heoretical  values  is  extremely  close.  On  the  basis  of  these  find- 
lgs  it  is  possible  to  set  up  a  table  relating  the  weight  of  cholesterol 
ound  to  the  per  cent  yolk  responsible  for  its  presence  (Table  IV). 

A  reagent  blank  determination  should  also  be  made  by  adding 
he  total  amount  of  solvents  used  for  the  analysis  of  one  sample 
10  a  beaker  and  evaporating  them  on  the  steam  bath.  The  resi- 
lue  should  be  carried  through  all  the  steps  in  the  analysis  and  the 
kalue  obtained  subtracted  from  that  found  for  the  sample. 
)ccasional  contamination  of  solvents  will  lead  to  high  results  if  a 
correction  is  not  made. 


METHOD 

Reagents.  Ammonium  hydroxide  (sp.  gr.  0.90),  A.C.S. 
becification. 

Ethyl  Alcohol  (95%). 
i  Ethyl  ether,  A.C.S.  specification. 

Petroleum  ether,  b.p.  35-38°  C.,  A.C.S.  specification. 
Potassium  hydroxide,  A.C.S.  specification. 

!  Chloroform,  A.C.S.  specification. 

Cholesterol,  powdered,  reagent  quality. 


Table  III.  Analysis  of  Egg  Whites  Containing  Known  Amounts  of 

Added  Yolk 

Cholesterol  Theoretically 
Present  in  10  Grams  of 

Sample  Grams  of  Sample  Sample 

Gram 

Pure  white  +  0.05%  yolk 


Av. 


Pure  white  +  0. 10%  yolk 


Av. 


Pure  white  +  0.20%  yolk 


Av. 


Cholesterol  in  10 
Grams  of  Sample 
Gram 

0.00018 
0.00018 
0.00018 
0.00018 
0.00018 

0.00024 
0.00023 
0.00024 
0 . 00023 
0 . 00024 
0.00024 

0.00037 
0.00035 
0.00036 
0.00037 
0.00036 


0.00018 


0.00024 


0 . 00037 


Sulfuric  acid  (sp.  gr.  1.84),  A.C.S.  specification. 

Acetic  anhydride,  A.C.S.  specification. 

Solutions.  Acetic  anhydride-sulfuric  acid  mixture.  Add 
10  ml.  of  sulfuric  acid  (sp.  gr.  1.84)  slowly  and  with  cooling  to  100 
ml.  of  freshly  distilled  acetic  anhydride  in  a  200-ml.  glass-stop¬ 
pered  Erlenmeyer  flask.  Reagent  should  be  water-white. 

Preparation  of  Standard  Curve.  Weigh  accurately  50  =*= 
0.2  mg.  of  pure  cholesterol  into  a  clean  dry  500-ml.  volumetric 
flask.  Add  pure  chloroform  to  dissolve  and  make  to  volume  with 
chloroform.  This  solution  contains  0.1  mg.  of  cholesterol  per  ml. 

Pipet  1,  2,  3,  4,  and  5  ml.  of  the  cholesterol  solution  into  five 
clean  dry  15  X  150  mm.  test  tubes,  and  make  total  volume  of 
each  to  5  ml.  with  chloroform.  Place  in  a  lightproof  constant- 
temperature  bath  at  18  °  C.  for  5  minutes.  Check  temperature  of 
bath  at  the  end  of  5-minute  period  and  readjust  to  18°  C.  if 
necessary. 

Add  2  ml.  of  acetic  anhydride-sulfuric  acid  mixture  (18°  C.)  to 
each  tube,  mixing  each  thoroughly  with  a  clean,  dry,  glass  rod. 
Do  this  as  quickly  as  possible,  allowing  a  minimum  of  light  to 
enter  the  cabinet.  Replace  cover  on  cabinet  and  allow  to  stand 
for  25  minutes. 

Leave  each  tube  in  the  cabinet  until  immediately  before  read¬ 
ing.  Using  an  appropriate  filter  determine  the  transmittance  in 
a  spectrophotometer  set  at  640  m,u  with  a  solvent  cell  of  pure 
chloroform  set  at  100%  transmittance.  Plot  transmittance 
against  concentration  of  cholesterol  using  semilogarithmic  paper. 
This  is  the  standard  curve. 

Procedure.  Weigh  10  ±  0.1  grams  of  liquid  egg  white  into  a 
200-ml.  glass-stoppered  flask,  add  25  ml.  of  ammonium  hydroxide 
(sp.  gr.  0.90),  and  swirl  to  mix.  Add  10  ml.  of  95%  alcohol  and 
shake  for  ).  minute.  Add  25  ml.  of  ethyl  ether  and  shake  for  1 
minute.  Add  25  ml.  of  petroleum  ether  and  shake  for  1  minute. 
Allow  to  stand  until  the  clear  solvent  layer  separates  at  the  top. 
If  an  emulsion  forms,  break  it  with  5  ml.  of  alcohol. 

Decant  the  clear  solvent  layer  into  a  clean,  dry,  250-ml.  beaker. 
Repeat  the  extractions  on  the  residue  in  the  flask  twice,  beginning 
with  the  addition  of  alcohol,  but  using  5  ml.  of  alcohol  each  time 
instead  of  10,  adding  each  final  solvent  layer  to  the  250-ml. 
beaker. 

Place  the  beaker  containing  the  extracts  on  a  steam  bath  and 
evaporate  until  only  a  small  amount  of  alcohol  remains.  Remove 
and  cool.  Add  15  ml.  of  alcohol,  cover  with  a  watch  glass,  and 
bring  to  a  boil  on  a  hot  plate  covered  With  a  sheet  of  asbestos. 


Table  IV.  Relationship  between  Cholesterol  Content  and  Egg  Yolk 

Present 


Cholesterol  Found 
in  10  Grams  of 
White 

0.00011 

0.00015 

0.00018 

0.00021 

0.00024 

0.00027 

0.00030 

0.00033 

0.00037 


Egg  Yolk  Present, 

% 

0.000 

0.025 

0.050 

0.075 

0.100 

0.125 

0.150 

0.175 

0.200 
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Add  1  ml.  of  50%  aqueous  potassium  hydroxide  solution  and 
boil  gently  for  10  minutes.  Cool,  wash  down  the  sides  of  the 
beaker  with  30  ml.  of  ethyl  ether,  and  transfer  to  a  clean  125-ml. 
separatory  funnel.  Wash  out  the  beaker  with  two  25-ml.  por¬ 
tions  of  distilled  water,  transferring  each  to  the  separatory  funnel. 
Rotate  the  funnel,  but  do  not  shake.  Break  any  emulsion  with 
5  ml  of  alcohol.  Withdraw  the  soap  solution  from  the  bottom. 
Wash  the  ether  layer  3  times  with  50-ml.  portions  of  distilled 
water.  If  the  last  washings  are  not  neutral  to  phenolphthalein, 
repeat  until  washings  are  neutral. 

Pour  the  ether  layer  into  a  50-ml.  beaker  and  evaporate  on  a 
steam  or  water  bath  until  all  moisture  is  gone.  Cool  and  pipet 
5.0  ml.  of  chloroform  into  the  beaker,  swirling  gently  to  ensure 
solution.  Transfer  the  solution  to  a  clean,  dry  15  X  150  mm. 
test  tube  and  place  in  a  lightproof  constant-temperature  cabinet 
at  18°  C.  for  5  minutes.  Proceed  as  directed  above  and  deter¬ 
mine  the  transmittance  of  each  solution.  From  the  standard 
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curve  find  the  concentration  of  cholesterol  corresponding  to  th 
transmittance. 

Prepare  a  reagent  blank  by  placing  the  total  solvents  used  fc 
one  sample  in  a  250-ml.  beaker  and  evaporating  as  directed  abovi 
Carry  through  all  the  steps  in  the  procedure  and  read  the  tram 
mittance.  hind  the  concentration  of  cholesterol  corresponds 
to  this  transmittance  from  the  standard  curve. 

Calculations.  Grams  of  cholesterol  in  sample  equal  toti 
grams  of  cholesterol  found  in  sample  minus  grams  of  cholesterol  i 
reagent  blank. 

Find  per  cent  yolk  present  by  consulting  Table  IV. 
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Determination  of  Boric  Oxide  in  Glass 

MAX  HOLLANDER  and  WILLIAM  RIEMAN  III 
School  of  Chemistry,  Rutgers  University,  New  Brunswick,  N.  J. 


A  method  has  been  developed  for  the  determination  of  boron  in 
glass  which  is  more  accurate  and  more  rapid  than  the  methods  com¬ 
monly  used.  Data  obtained  on  synthetic  mixtures  and  actual  glass 
samples  show  that  this  method  yields  results  with  a  mean  error,  signs 
disregarded,  of  0.04%  B203  with  glasses  containing  less  than  1  5% 
B203. 

THE  essential  differences  among  the  various  methods  for  the 
determination  of  boric  oxide  in  glass  lie  in  the  method  of 
separating  the  interfering  substances,  such  as  iron,  aluminum,  or 
silica,  from  the  solution  containing  the  boric  acid,  which  is  then 
titrated  with  sodium  hydroxide  in  the  presence  of  mannitol. 
Thus,  Wherry  and  Chapin  ( 5 )  dissolve  the  sodium  carbonate  fu¬ 
sion  mixture  in  hydrochloric  acid,  and  add  calcium  carbonate  in 
moderate  exceess  in  order  to  neutralize  the  free  hydrochloric  acid 
and  to  precipitate  the  sesquioxides  and  most  of  the  silica.  In 
another  procedure  ( 5 ),  they  recommend  separation  of  the  boric 
acid  from  the  solution  by  distillation  of  the  methyl  ester.  Glaze 
and  Finn  (I),  on  the  other  hand,  base  their  method  on  the  parti¬ 
tion  of  boric  acid  between  water  and  ethyl  ether  in  the  presence 
of  ethyl  alcohol  and  a  small  amount  of  sulfuric  acid. 

The  method  described  in  this  paper  is  more 
accurate  and  less  time-consuming  than  pro- 


and  repeat  the  same  procedure,  running  a  separate  titration  c 
the  second  filtrate. 

Procedure  with  Indicator.  Fuse  and  dissolve  the  sampl 
as  above,  then  add  20  drops  of  0.04%  bromocresol  purple.  Adi 
6  A  sodium  hydroxide  until  the  first  distinct  color  change  (yellot 
to  dirty  green)  can  be  recognized.  At  this  point,  the  pH  of  th 
solution  is  approximately  5.5.  Then  proceed  as  in  the  pH  mete 
method.  Adjust  the  pH  to  6.30  by  comparing  the  color  of  th 
solution  with  that  of  a  phosphate  comparison  buffer. 

Titration  Corrections.  The  regular  titration  of  boric  acic 
with  sodium  hydroxide  in  the  presence  of  mannitol,  following  thi 


Table  1.  Titration  Corrections 

HB02.H20 

Found, 

Corrections, 

HBO2.H2O 

Found, 

Milliequivalents 

Milliequivalent 

Milliequivalents 

Milliequivalent 

0.0 

0.000 

1.2 

0.024 

0.1  • 

0.005 

1.4 

0.026 

0.2 

0.008 

1.6 

0.029 

0.4 

0.013 

1.8 

0.031 

0.6 

0.016 

2.0 

0.033 

0.8 

0.019 

2.4 

0.036 

1.0 

0.022 

2.8 

0.040 

cedures  which  have  been  in  use  heretofore. 

EXPERIMENTAL 

Procedure  with  pH  Meter.  Fuse  a  500- 
mg.  sample  with  3  grams  of  sodium  carbonate 
for  10  minutes.  Dissolve  the  melt  in  20  ml.  of 
6  N  hydrochloric  acid  and  adjust  the  pH  of  the 
solution  to  5.0  to  5.5  by  means  of  6  N  sodium 
hydroxide.  Aluminum,  iron,  and  similar  ele¬ 
ments,  along  with  most  of  the  silica,  are  pre¬ 
cipitated  at  this  point.  Sweep  out  the  carbon 
dioxide  by  bubbling  air  (purified  by  passing 
through  concentrated  sulfuric  acid  and  Ascarite) 
through  the  solution  at  60  °±  5°  C.  for  30  min¬ 
utes.  Filter  the  reaction  mixture,  and  wash  the 
precipitate  with  warm  water  until  the  volume 
of  the  filtrate  is  250  ml.  Cool  the  solution  to 
room  temperature,  and  adjust  its  pH  to  6.30  by 
means  of  carbonate-free  0.05  N  sodium  hydrox¬ 
ide.  Add  40  grams  of  mannitol  to  the  solution. 
The  pH  is  decreased  markedly  by  the  forma¬ 
tion  of  mannitoboric  acid.  Now  titrate  to 
a  pH  of  6.30  again  with  0.05  N  sodivm 
hydroxide.  The  alkali  used  in  this  titration 
is  a  measure  of  the  boron  in  the  sample. 

In  some  cases,  a  double  precipitation  of  the 
residue  is  necessary  to  recover  the  coprecipitated 
boric  acid.  In  order  to  accomplish  this,  dissolve 
the  precipitate  in  10  ml.  of  6  N  hydrochloric  acid, 


Figure  1.  Potentiometric  Titration  Curves  for  Boric  Acid 

1.  Without  mannitol 

2.  With  mannitol 
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Tabl 

e  II. 

Compositions  of  Synthetic  Mixtures 

Mixture  Number 

Constit 

uent 

1 

2 

3 

4 

5 

6 

7“ 

8 

9 

10 

11 

BjO. 

1.47 

2.0 

3.0 

4.13 

6.15 

7.22 

12.76 

18.3 

41.0 

42.8 

71.8 

SiOj 

40.16 

67.3 

66.80 

37.04 

66.90 

80.60 

52.40 

Ah01 

2.90 

2.5 

10.0 

2.54 

3.70 

6.38 

1.94 

1.9 

5.0 

22.4 

Fe2C>3 

0.17 

0.22 

0.076 

TiO, 

0.027 

Zr02 

. 

0.013 

CaO 

7.21 

7.0 

i .  73 

7.94 

6.3 

MgO 

0.17 

4,0 

2.60 

0.61 

0.026 

BaO 

42.04 

NaiO 

12.06 

14.0 

7.40 

1.25 

4.16 

2.3 

K2O 

2.00 

12.0 

1.75 

2.40 

0.16 

4.3 

LijO 

5.8 

PbO 

25.50 

i.26 

52.0 

ZnO 

7.0 

9.75 

9.25 

59.0 

MlpjOj 

0.28 

P.Os 

70.5 

Sb,Oa 

1.29 

20.4 

AssOi 

6.5 

2.05 

0.56 

6.14 

0.1 

AS2O6 

0.085 

SO) 

1.6 

0.009 

F 

7.10 

Cl 

f  •  '  ‘ 

6.036 

0  Composition  given  on  certificate  of 

glass  93  of  National  Bureau  of  Standards. 

able  III.  Determination  of  Boric  Oxide  in  Synthetic  Mixtures  by 

pH  Meter 


Mixture 

No.  of  De¬ 

Average  Error, 

Mean 

No. 

terminations 

% 

Deviation,  % 

1 

1 

-0.03 

2 

3 

+0.03 

0.03 

3 

3 

-0.03“ 

0.03 

4 

4 

+0.06 

0.03 

5 

6 

+0.03 

0.03 

6 

1 

-0.03 

7 

4 

-0.04 

0^03 

8 

1 

-0.10 

9 

2 

-0.20 

0  07 

10 

3 

-0.03 

0.03 

11 

4 

-0.36 

0.10 

a  Results  obtained  by  modified  method  designed  to  remove  phosphate. 


Table  IV.  Determination  of  Boric  Oxide  in  Glasses 


Glass 

B2O) 

Reported, 

% 

B2O3 

Found, 

% 

Dif¬ 

ference, 

% 

Mean 

Devia¬ 

tion, 

% 

No.  of 
Precipi¬ 
tations 

Method 

3ureau  of  Stand¬ 
ards  128 

1.52 

1.52° 

0.00 

0.00 

One 

pH  meter 

lureau  of  Stand¬ 
ards  93 

12.76 

12.516 

0.25 

0.01 

Two 

pH  meter 

lorning,  1 

0.61 

0.59 

0.02 

0.01 

One 

pH  meter 

lorning,  3 

ca.  14.7 

14.71 

0.0 

0.0 

Two 

pH  meter 

Armstrong  224o6c 

9 . 80c 

9.91 

0.11 

.01 

Two 

pH  meter 

Armstrong  427 abc 

9 . 75c 

9.66 

0.09 

0.02 

Two 

pH  meter 

Jureau  of  Stand¬ 
ards,  92 

0.70 

0.65 

0.05 

0.01 

One 

Indicator 

lureau  of  Stand¬ 
ards,  128 

1.52 

1.50 

0.02 

0.01 

One 

Indicator 

a  Corrected  for  change  in  loss  on  ignition. 
S’  Dried  at  500°. 

c  By  method  of  Glaze  and  Finn. 


lirections  of  Hollander  and  Rieman  (2) ,  cannot  be  employed  be- 
ause  of  the  interference  of  varying  amounts  of  carbon  dioxide 
md  colloidal  silica  which  remain  in  the  solution.  Therefore,  the 
nethod  of  titration  illustrated  by  the  solid  parts  of  the  curves  in 
'igure  1  is  used.  The  first  adjustment  of  the  pH  to  6.30  results 
n  the  neutralization  of  a  small  fraction  of  the  boric  acid  along 
urve  1,  for  which  correction  AB  must  be  applied.  Upon  the 
ddition  of  mannitol,  the  boric  acid  is  converted  to  the  stronger 
nannitoboric  acid;  consequently,  the  pH  of  the  solution  is  de¬ 
pressed  markedly.  This  is  illustrated  by  the  solid  vertical  line 
eonnecting  the  two  curves.  The  second  adjustment  of  the  pH 
o  6.30  follows  the  path  of  curve  2.  The  pH  of  6.30  is  reached 
>efore  the  equivalence  point  (steepest  part  of  curve  2) .  There- 
ore,  another  correction  corresponding  to  volume  CD  must  be 
ipplied. 

The  total  corrections,  AB  +  CD,  for  various  amounts  of  boric 
icid  are  given  in  Table  I.  These  data  were  obtained  by  poten- 
iiometric  titrations  of  the  indicated  quantities  of  boric  acid  and 


of  mannitoboric  acid  under  the  recommended  con¬ 
ditions  and  subsequent  interpretation  of  the  graphs 
as  explained  above.  The  correction  is  to  be  added 
in  all  cases. 

The  recommended  conditions  for  the  titration — 
i.e.,  an  initial  and  final  pH  of  6.30  and  the  addition 
of  40  grams  of  mannitol — were  chosen  because  they 
give  minimum  corrections.  The  recommended 
initial  volume  of  250  ml.  is  the  smallest  that  can 
be  used  without  evaporation  if  the  precipitate  is 
to  be  washed  thoroughly. 

Small  amounts  of  carbonic  acid  and  silica  may  be 
present  in  the  solution  during  the  titration  without 
interfering  because  the  pH  is  the  same  at  the  end 
as  at  the  beginning.  Large  amounts  of  these  sub¬ 
stances  interfere,  however,  by  giving  small  slopes  to 
the  graph  in  the  vicinity  of  pH  =  6.30,  thus  making 
it  impossible  to  measure  accurately  the  sodium  hy¬ 
droxide  required  for  the  titration.  The  recom¬ 
mended  procedure  leaves  only  small  amounts  of 
-  these  substances  in  the  solution. 

RESULTS 

Several  synthetic  mixtures,  similar  to  some  glass  compositions 
given  by  Morey  ( 3 ),  were  analyzed  by  this  method  (Tables  II  and 
III) .  Several  glasses  were  also  analyzed  (Table  IV) . 

DISCUSSION 

Table  III  shows  that  the  boric  oxide  content  of  glasses  with 
less  than  15%  B203  can  be  determined  by  the  pH  meter  method 
with  a  mean  error  of  =*=0.04%  B203  without  interference  from 
AI2O3,  Fe203,  CaO,  BaO,  MgO,  K20,  Li20,  PbO,  ZnO,  Mn203, 
Sb203,  As203  (As205),  Ti02,  Zr02,  S03,  and  F. 

Phosphate  causes  high  results  unless  the  melt  is 
dissolved  in  6  N  nitric  acid  and  the  phosphate  re¬ 
moved  by  the  addition  of  a  slight  excess  of  silver 
nitrate  at  pH  5.5.  This  interference  was  also  men¬ 
tioned  by  Ruehle  and  Shock  (4).  It  is  caused  by 
the  activation  of  the  phosphoric  acid  by  mannitol. 

The  authors’  method  yielded  results  with  a  mean 
error  of  —0.04%  B203  on  a  synthetic  mixture  (No.  7) 
identical  in  composition  with  the  certified  value  of 
glass  93  of  the  National  Bureau  of  Standards.  The 
authors  believe,  therefore,  that  the  true  boric  oxide 
content  of  this  glass  is  not  12.76%,  but  nearer  12.51  %. 

The  indicator  method  gives  satisfactory  results  for 
glasses  with  low  boric  oxide  contents.  High-boron 
glasses  will  buffer  the  solution  too  much  to  yield  dis¬ 
tinct  color  changes  by  which  the  end  point  can  be 
_____  recognized. 

This  method  is  probably  applicable  to  many 
samples  other  than  glasses. 
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The  pH  of  Wines 

Examination  of  Glass  and  Quinhydrone  Electrode  Values 
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Values  obtained  for  the  pH  of  wines  by  means  of  the  glass  and  quin¬ 
hydrone  electrodes  sometimes  agree,  but  often  differ  by  more  than 
0.1  pH  unit.  The  effects  of  several  constituents  of  wine  on  these 
electrode  systems  have  been  examined  and  it  is  concluded  that, 
whereas  the  glass  electrode  values  are  essentially  correct,  the  quin¬ 
hydrone  electrode,  when  used  in  wines,  is  subject  to  at  least  two 
sources  of  error.  Alcohol  causes  the  quinhydrone  electrode  to 
register  low  values,  while  reducing  substances,  such  as  sulfites  and 
tannin,  lead  to  high  values.  The  correct  and  near-correct  values  ob¬ 
tained  with  the  quinhydrone  electrode  in  some  wines  are  due  to  a 
compensation  of  such  errors.  Neither  the  hydro-quinhydrone  nor 
the  quino-quinhydrone  electrodes  give  more  reliable  results  in 
wines  than  the  regular  quinhydrone  electrode. 

THE  significance  of  pH  values  in  relation  to  the  physical, 
chemical,  and  biological  changes  which  occur  in  wine  has 
been  pointed  out  by  many  investigators,  notably  Ventre  (17), 
Genevois  and  Ribereau-Gayon  (11),  Bremond  ( 3 ),  and  Ribereau- 
Gayon  (14,  15).  The  present  writer  (10)  has  indicated  the  im¬ 
portance  of  pH  in  relation  to  bacterial  spoilage  of  wines. 

Of  the  various  methods  available  for  determining  the  pH  value 
of  wine,  the  quinhydrone  electrode  system  has  been  one  of  the 
most  widely  used.  Chief  among  the  advantages  claimed  for  this 
system  are  that  it  is  easily  and  quickly  assembled,  simple  to  oper¬ 
ate,  reaches  a  stable  potential  rapidly,  and  can  be  used  in  wines 
which  contain  small  to  moderate  amounts  of  sulfites.  Because 
of  these  features  it  has  been  widely  recommended  for  determining 
the  pH  values  of  wines  (3,  6,11,16).  Within  recent  years,  how¬ 
ever,  improvements  in  the  design  and  construction  of  glass  elec¬ 
trodes  and  vacuum  tube  potentiometers  have  resulted  in  the  intro¬ 
duction  of  the  glass  electrode  system  into  industrial  laboratories 
and  an  increasing  number  of  glass  electrode  pH  meters  are  now 
being  used  in  vineries. 

From  time  to  time,  discrepancies  have  been  noticed  between 
the  results  obtained  by  means  of  the  glass  electrode  and  the  quin¬ 
hydrone  electrode  for  the  pH  values  of  wines.  Thus  Ribereau- 
Gayon  (16)  found  that  the  pH  values  of  wines  determined  by 
means  of  the  glass  electrode  were  slightly  (up  to  0.0&)  higher 
than  those  registered  by  the  quinhydrone  electrode.  Using  tar¬ 
trate  buffers  containing  different  amounts  of  alcohol,  he  obtained 
evidence  that  the  deviation  was  due  to  alcohol,  but  did  not  indi¬ 
cate  winch  electrode  system  gave  the  more  correct  values. 
Hooper  (12)  recorded  differences  between  glass  electrode  and 
quinhydrone  electrode  values  for  several  Australian  fortified 
wines,  which  varied  from  0.05  to  0.18  pH  unit.  Liebmann  and 
Rosenblatt  (13)  determined  the  pH  values  of  different  whiskies 
by  means  of  the  glass  and  the  quinhydrone  electrodes  and  found 
the  quinhydrone  electrode  values  lower  than  the  glass  electrode 
values  by  about  0.37  pH  unit.  They  calculated,  from  experi¬ 
mental  data  obtained  by  Dole  (8),  that  the  theoretical  deviation 
of  the  glass  electrode  values  in  45%  alcohol  was  only  about  0.03 
pH  unit  and  they  therefore  concluded  that  the  glass  electrode 
values  for  wiiisky  wrere  essentially  correct  and  the  quinhydrone 
electrode  values  in  error  by  about  —0.37  pH  unit. 

In  view  of  the  foregoing,  it  seemed  desirable  to  make  a  more  de¬ 
tailed  examination  of  the  values  obtained  with  the  glass  and 
quinhydrone  electrode  systems  for  the  pH  of  wines. 

APPARATUS  AND  REAGENTS 

Electrode  Systems.  Glass  Electrode  System.  The  glass 
electrode  was  a  Kerridge  pattern  recessed  bulb  type,  having  the 


bulb  blown  of  Corning  015  special  electrode  glass.  •  This  was 
used  with  an  internal  quinhydrone-0. 1  N  hydrochloric  acid  half- 
cell  and  a  saturated  calomel  half-cell  as  a  reference  half-cell. 
Between  determinations  the  outside  of  the  bulb  of  the  glass  elec¬ 
trode  was  rinsed  with  distilled  water,  dried  lightly  with  filter 
paper,  and  then  rinsed  with  a  portion  of  the  next  test  solution. 
When  not  in  use,  the  glass  electrode  was  kept  filled  with,  and  im¬ 
mersed  in,  distilled  water. 

Leads  from  the  electrodes  to  the  potentiometer  were  of  in¬ 
sulated  copper  wdre,  kept  as  short  as  possible,  and  the  electrode 
clamps  were  supported  in  blocks  of  polystyrene. 

.  Quinhydrone  Electrode  System.  The  electrodes  were  made  of 
pieces  of  10  X  7  mm.  platinum  foil,  each  welded  to  a  length  of 
platinum  wire  and  sealed  into  a  glass  tube.  Electrical  connec¬ 
tions  were  made  by  means  of  binding  screw-s  at  the  top  of  the  wire. 
The  electrodes  were  heated  to  redness  in  an  alcohol  flame  for  a 
few  seconds  before  use  and  at  frequent  intervals  during  each 
batch  of  determinations. 

Quinhydrone  freshly  prepared  from  hydroquinone  and  ferric 
ammonium  alum  according  to  the  method  of  Biilmann,  described 
by  Britton  (4),  was  washed  four  times  with  iced  distilled  water 
and  dried  between  filter  paper  at  room  temperature.  Since  the 
presence  of  traces  of  iron  in  quinhydrone  prepared  by  Biilmann’s 
method  may  be  a  source  of  error,  a  batch  of  quinhydrone  pre¬ 
pared  by  mixing  alcoholic  solutions  of  quinone  and  hydroquinone 
according  to  the  method  of  Valeur  (described  by  Britton,  4), 
was  also  used  for  comparison.  This  latter  product  was  in  a 
coarser  state  of  division  and  v'as  rather  slower  in  giving  stable 
potentials  than  that  prepared  by  Biilmann’s  method,  but  other¬ 
wise  no  significant  ‘  differences  were  noticed  between  the  results 
obtained  with  the  two  preparations. 

Bubbling  Hydrogen  Electrode  System.  The  platinum  electrodes 
w-ere  of  similar  construction  to  those  described  above.  They 
were  cleaned  by  heating  in  dilute  (1  +  1)  aqua  regia  and  lightly 
platinized,  so  that  only  thin  brown  coatings  of  platinum  black 
were  obtained.  Before  each  determination,  these  electrodes 
wrere  connected  to  the  negative  pole  of  a  4-volt  storage  battery, 
electrolyzed  for  half  a  minute  in  0.1  N  sulfuric  acid,  then  care¬ 
fully  washed  wdth  distilled  w'ater  before  being  placed  in  the  test 
solution.  All  determinations  were  made  in  duplicate,  using  two 
electrodes  and  electrode  vessels,  and  when  discrepancies  oc¬ 
curred,  the  electrodes  were  cleaned  and  replatinized. 

The  electrode  vessels  were  a  modification  (2)  of  the  bubbling 
hydrogen  electrode  vessel  described  by  Best  (1). 

Reference  Half-Cell.  A  saturated  calomel  half-cell  was 
used  in  conjunction  wdth  each  of  the  above  electrode  systems. 

Liquid  Junctions.  Liquid  junctions  between  the  calomel 
cell  and  the  test  solutions  were  formed  by  means  of  a  side  tube 
which  was  kept  filled  wdth  a  saturated  solution  of  potassium 
chloride  from  a  reservoir,  and  which  was  closed  wdth  a  ground- 
glass  cap.  Before  each  determination  the  lower  end  of  the  tube 
was  washed  wdth  distilled  water  and  dried  wdth  filter  paper.  The 
junction  was  then  renewed  by  loosening  the  cap  momentarily 
to  allowr  a  fewr  drops  of  the  potassium  chloride  solution  to  escape 
and  the  outside  of  the  cap  was  lightly  wdped  wdth  filter  paper. 

Potentiometer.  pH  measurements  w'ere  made  wdth  a  vac¬ 
uum  tube  potentiometer  calibrated  to  give  readings  directly  in 
pH  units,  and  connected  to  a  12-volt  storage  battery  as  a  source 
of  current.  The  calibration  of  the  instrument  was  checked  by 
using  it  wdth  a  quinhydrone  electrode,  to  measure  the  pH  values 
of  the  buffers  fisted  below,  and  comparing  these  values  wdth  those 
obtained  for  the  same  buffers  and  wdth  the  same  electrode,  by 
means  of  a  Cambridge  portable  potentiometer.  The  values  ob¬ 
tained  wdth  the  two  instruments  did  not  differ  by  more  than  0.02 
pH  unit  in  any  of  these  solutions. 

Buffer  Solutions.  The  reagents  used  in  the  preparation 
of  buffer  solutions  were  all  of  analytical  reagent  grade. 

For  standardizing  and  checking  the  electrode  systems  the  fol¬ 
lowing  solutions  w'ere  used : 

0.05  M  potassium  hydrogen  phthalate  pH  4.01  (3.97) 

Sorensen’s  phosphate  buffer  pH  6.26  (6.241 

Mcllvaine’s  citrate-phosphate  buffer  pH  4.63  (4.6) 

The  pH  values  in  parentheses  are  those  given  by  Clark  (5)  for 
these  solutions,  but  in  these  investigations  the  value  of  4.01  for 
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Table  I.  pH  Values  of  Wines 


pH  Values 


Type 

No. 

Alcohol 
%  by 
Volume 

Glass 

elec¬ 

trode 

Quin¬ 

hydrone 

elec¬ 

trode 

Deviation 

of  quin¬ 
hydrone 
from  glass 

Sweet  red 

1 

20 

3.74 

3.50 

-0.24 

2 

20 

3.72 

3.52 

-0.20 

3 

20 

3.71 

3.56 

-0.15 

4 

20 

3.84 

3.69 

-0.15 

5 

20 

3.66 

3.52 

-0. 14 

6 

20 

3.45 

3.29 

-0.16 

7 

20 

3.69 

3  56 

-0.13 

8 

20 

3.73 

3.62 

-0.11 

9 

19 

3.64 

3.52 

-0.12 

10 

19 

3.64 

3.52 

-0.12 

Sweet  white  (spoiled) 

11 

19 

4.29 

4.16 

-0.13 

Muscat 

12 

20 

3.94 

3.81 

—  0.13 

Dry  white 

13 

14 

3.21 

3.18 

-0.03 

Dry  white  (carrying 
sherry  flor) 

14 

13 

3.32 

3.30 

-0.02 

15 

15 

3.31 

3.24 

-0.07 

Dry  white  (sherry) 

16 

17.5 

3.40 

3.30 

-0.10 

Dry  white 

17- 

14 . 5 

3.32 

3.26 

-0.06 

18 

15 

3.59 

3.56 

-0.03 

19 

13.5 

3.73 

3.70 

-0.03 

20 

14.0 

3.80 

3.77 

-0.03 

21 

11.5 

2.95 

2.93 

-0.02 

22 

10.0 

3.22 

3.22 

0.00 

Dry  red 

23 

11.5 

3.48 

3.58 

+  0. 10 

24 

11.5 

3.53 

3.65 

+  0. 12 

White  grape  juice 
(pasteurized) 

25 

3.33 

3.34 

+  0.01 

26 

3.42 

3.41 

-0.01 

indication  of  the  reproducibility  of  results.  The  standard  devia¬ 
tions  calculated  from  these  results  did  not  exceed  ±0.02  for  either 
the  glass  or  the  quinhydrone  electrode.  The  standard  deviations 
of  the  values  obtained  for  wines  were  not  determined  statistically, 
but  all  determinations  were  made  in  duplicate  and  the  mean  values 
taken.  When,  as  rarely  happened,  the  values  obtained  for  dupli¬ 
cate  samples  differed  by  more  than  0.02,  the  determination  was 
repeated  with  fresh  samples.  This  procedure  could  not  be  fol¬ 
lowed  with  the  quinhydrone  values  recorded  in  Table  IV,  how¬ 
ever,  for  in  those  samples  which  showed  appreciable  drift  in  po¬ 
tential,  agreement  between  duplicates  was  usually  unsatisfac¬ 
tory.  Except  in  this  special  case,  however,  it  is  considered  that 
under  the  experimental  conditions  differences  exceeding  ±0.03 
pH  unit  are  significant. 

Determination  of  pH  Values  of  Wines  by  Means  of 
Glass  and  Quinhydrone  Electrodes.  The  pH  values  of 
several  wines  as  determined  by  the  glass  and  the  quinhydrone 
electrodes  are  shown  in  Table  I.  As  can  be  seen,  the  glass  elec¬ 
trode  values  are  nearly  all  higher  than  the  quinhydrone  electrode 
values,  but  the  differences  between  them  vary  considerably  from 
one  wine  to  another. 

Effect  of  Ethyl  Alcohol  on  Glass  and  Quinhydrone 
Electrodes.  In  view  of  the  results  obtained  by  Ribereau- 
Gayon  (16)  and  by  Liebmann  and  Rosenblatt  (IS)  concerning 
the  effects  of  ethyl  alcohol,  it  seemed  desirable  to  determine  the 


the  pH  of  0.05  M  phthalate  was  adopted  as  the  primary  standard 
in  accordance  with  the  recommendation  of  Dole  (7).  The  pH 
values  of  the  Sorensen  and  Mcllvaine  buffers  were  then  found  to 
be  6.26  and  4.63,  respectively,  by  means  of  the  glass  electrode. 

The  effect  of  ethyl  alcohol  on  pH  determinations  was  studied 
with  phthalate,  tartrate,  and  citrate  buffers,  the  last  two  being 
used  instead  of  the  phosphate  buffers  previously  mentioned,  as  it 
was  considered  that  they  would  provide  conditions  more  compar¬ 
able  with  those  in  wine.  These  solutions  were  made  up  in  the 
following  concentrations: 

0.1  M  potassium  hydrogen  phthalate 

0 . 1  M  tartrate  solution.  15 . 0  grams  of  tartaric  acid  and  80  ml. 
of  1.0  N  sodium  hydroxide  per  liter 

0.066  M  citrate  solution.  14.0  grams  of  citric  acid  and  68  ml.  of 
1.0  A  sodium  hydroxide  per  liter 

Hundred-milliliter  quantities  of  these  solutions  were  diluted 
with  100-ml.  quantities  of  appropriate  alcohol-water  mixtures 
before  use,  so  that  the  final  concentrations  were  0.05  M  phthalate, 
0.05  M  tartrate,  and  0.033  M  citrate  and  the  pH  values  of  the 
diluted  aqueous  solutions  were  found  by  means  of  the  glass  elec¬ 
trode  to  be  4.01,  3.33,  and  3.87,  respectively. 

EXPERIMENTAL 

All  determinations  were  carried  out  at  room  temperature,  which 
was  15°  ±  2°  C.  during  the  course  of  the  investigations,  but  the 
variation  never  exceeded  0.5°  C.  during  any  one  batch  of  deter¬ 
minations. 

Standardizing  and  Checking  Electrode  Sys¬ 
tems  and  Potentiometer.  Before  each  batch  of 
determinations  with  the  glass  or  quinhydrone  elec¬ 
trodes,  the  potentiometer  was  adjusted  to  give  a  read¬ 
ing  of  4.01  for  the  pH  of  the  0.05  M  phthalate  buffer. 

The  electrode  system  and  potentiometer  were  then 
further  checked  against  the  phosphate  and  the  citrate- 
!  phosphate  buffers  before  other  measurements  were 
:made.  The  check  against  these  three  buffers  was  re¬ 
peated  at  the  end  of  each  batch  of  determinations  and 
!  if  the  pH  values  recorded  in  the  second  check  differed 
from  those  first  obtained  by  more  than  ±0.02,  the 
whole  batch  of  determinations  was  repeated  with  fresh 
I  samples.  With  electrode  systems  other  than  the  glass 
I  and  quinhydrone,  the  potentiometer  was  standardized 
!  as  indicated  in  Tables  II  and  V. 

The  pH  values  obtained  for  the  phosphate  and 
citrate-phosphate  buffers  on  different  days  provide  an 


extent  to  which  differences  such  as  those  recorded  in  Table  I 
were  due  to  the  alcohol  present  in  the  wine.  Accordingly,  the 
pH  values  of  phthalate,  tartrate,  and  citrate  buffers  containing 
different  concentrations  of  ethyl  alcohol  were  determined  by 
means  of  the  glass  and  the  quinhydrone  electrodes  (Table  II). 

Duboux  and  Tsamados  (9)  have  shown  that  the  dissociation  of 
organic  acids  is  depressed  by  the  presence  of  ethyl  alcohol  and  so, 
as  would  be  expected,  the  pH  values  found  for  the  buffer  solutions 
in  Table  II  increased  with  increasing  alcohol  content.  Although 
it  seemed  likely  from  the  data  of  Liebmann  and  Rosenblatt  (13) 
that  the  glass  electrode  values  would  be  correct,  it  was  considered 
desirable  to  check  these  values  with  the  bubbling  hydrogen  elec¬ 
trode  as  a  standard.  The  hydrogen  electrode  values  for  the  tar¬ 
trate  and  citrate  solutions  are  shown  in  column  3  of  Table  II, 
and  as  can  be  seen,  they  agree  well  with  the  glass  electrode  values. 

A  comparison  of  the  results  presented  in  Tables  I  and  II  indi¬ 
cates  that  the  deviations  of  the  quinhydrone  from  the  glass  elec¬ 
trode  values  in  wines  are  often  smaller  than  would  be  expected 
from  a  consideration  of  the  amounts  of  alcohol  present.  It  seems 
likely,  therefore,  that  in  some  wines  the  error  in  quinhydrone  elec¬ 
trode  values  due  to  alcohol  is  in  part  offset  by  some  other  factors 
which  cause  an  apparent  increase  in  pH  values.  In  order  to  ob¬ 
tain  more  information  on  this  point  several  wines  were  treated  as 
follows:  200  ml.  of  wine  were  evaporated  to  about  40  ml.  under 
reduced  pressure  at  60°  C.  to  remove  alcohol.  Half  of  each  de- 


Table  II.  pH  Values  of  Buffers  Containing  Ethyl  Alcohol 


pH  Values 

Alcohol 
Content 
%  by 

Hydrogen 

Glass 

Deviation 
of  glass 
from 

Quin¬ 

hydrone 

Deviation 

of  quin¬ 
hydrone 

Buffer 

Volume 

electrode 

electrode 

hydrogen 

electrode 

from  glass 

0.05  M 

phthalate 

None 

4.01“ 

.... 

4.01“ 

-o!o7 

10 

4.21 

4.14 

20 

4.44 

'4.30 

-0. 14 

Tartrate 

None 

3.33° 

3.33“ 

3.33“ 

-o!o4 

5 

3.40 

3.40 

6.6o 

3.36 

10 

3.47 

3.47 

0.00 

3.40 

-0.07 

15 

3.55 

3.54 

-0.01 

3.43 

-0.11 

20 

3.64 

3.63 

-0.01 

3.48 

-0.15 

25 

3.75 

3.73 

-0.02 

3.52 

-0.21 

Citrate 

None 

3.87“ 

3.87“ 

3.87“ 

—  6)  03 

5 

3.94 

3.94 

6.6o 

3.91 

10 

4.01 

4.01 

0.00 

3.95 

-0.06 

15 

4.08 

4.08 

0.00 

3.99 

-0.09 

20 

4.16 

4.15 

-0.01 

4.03 

-0.12 

“  In  each  case  potentiometer  and  electrode  system  was  standardized  to  give  correct 
value  for  aqueous  buffer  solution. 


792 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  18,  No.  1 


Table  III.  Effect  of  Alcohol  on  pH  Values  of  Wines  as  Measured  by  Glass 
and  Quinhydrone  Electrodes 


Wine  No.  7 

Original  wines 

Alcohol  content,  volume  %  20 

pH  by  glass  electrode  3 . 69 

pH  by  quinhydrone  3.56 

Quinhydrone  deviation  —0.13 

Dealcoholized  wines 

pH  by  glass  electrode  3 . 37 

pH  by  quinhydrone  3.40 

Quinhydrone  deviation  +0.03 

Reconstituted  wines 

pH  by  glass  electrode  3 . 67 

pH  by  quinhydrone  3.57 

Quinhydrone  deviation  —0.10 


9 

11 

12 

13 

14 

20 

3.64 

3.52 

-0.12 

19 

4.29 

4.16 

-0.13 

20 

3.94 

3.81 

-0.13 

14 

3.21 

3.18 

-0.03 

13 

3.32 

3.30 

-0.02 

3.36 
3.41 
+  0.05 

4.09 

4.07 

-0.02 

3.62 
3.64 
+  0.02 

3.07 
3.15 
+  0.08 

3.17 

3.23 

+0.06 

3 . 65 
3.56 
-0.09 

4.36 

4.18 

-0.18 

3.93 

3.80 

-0.13 

3.23 

3.21 

-0.02 

3.32 

3.29 

-0.03 

The  Hydro-quinhydrone  and  Quino-quinht 
drone  Electrodes.  According  to  Clark  (ff)  th 
effects  of  side  reactions  in  disturbing  the  ratio  o 
quinone  to  hydroquinone  in  the  quinhydrone  elec 
trode  system  can  sometimes  be  eliminated  by  saturat 
ing  the  test  solution  with  quinone  and  quinhydron 
or  with  hydroquinone  and  quinhydrone.  It  wa 
thought  that  such  systems  might  give  better  result 
in  wines  than  the  ordinary  quinhydrone  electrodi 
system.  Values  obtained  in  wines,  however,  wen 
not  found  more  reliable  than  thohe  obtained  wit! 
the  regular  quinhydrone  system. 

The  figures  presented  in  Table  V  show  the  re 


alcoholized  wine  was  then  made  up  to  100  ml.  with  distilled  water, 
while  the  other  half  was  made  up  to  100  ml.  with  distilled  water 
and  ethyl  alcohol,  so  that  the  final  alcohol  content  of  the  treated 
wine  was  the  same  as  that  of  the  original  wine.  The  pH  values 
of  the  treated  wines  were  determined  by  the  glass  and  the  quin¬ 
hydrone  electrodes.  These  values  together  with  those  of  the 
original  wines  and  the  quinhydrone  electrode  deviation  in  each 
case  are  shown  in  Table  III. 

These  results  show  that: 


suits  obtained  in  the  presence  of  varying  amount 
of  alcohol  in  the  tartrate  buffer  with  the  glass, 
quinhydrone,  quino-quinhydrone,  and  hydro-quinhydrone  elec¬ 
trodes.  The  results  obtained  with  the  glass,  quinhydrone 
and  quino-quinhydrone  electrodes  in  several  wines  are  alsc 
shown.  In  order  to  simplify  comparisons,  the  results  ob¬ 
tained  with  the  quinhydrone,  quino-quinhydrone,  and  hydro- 
quinhydrone  electrodes  are  shown  as  deviations  from  the  glass 
electrode  values. 


The  pH  values  and  the  quinhydrone  electrode  deviations  for 
the  reconstituted  wines  agree  reasonably  well  with  those  found  for 
the  original  wines  except  for  wine  11.  This  wine  had  undergone 
bacterial  spoilage  and  had  a  high  volatile  acidity.  The  loss  of  a 
portion  of  the  volatile  acid  during  evaporation  probably  accounts 
tor  the  higher  pH  value  of  the  reconstituted  wine. 

The  quinhydrone  electrode  values  of  several  of  the  dealcohol- 
lzed  wines  are  slightly  higher  than  the  glass  electrode  values. 
I  his  is  particularly  noticeable  in  wines  13  and  14,  the  quinhy¬ 
drone  electrode  values  of  which  were  only  slightly  below  the  glass 
electrode  values  before  treatment.  Removal  of  the  alcohol  from 
these  wines  thus  reveals  the  presence  of  factors  which  cause  a 
positive  error  in  the  quinhydrone  electrode  values,  an  error  which 
m  the  untreated  wine  partially  or  wholly  offsets  the  negative 
error  caused  by  alcohol. 

It  is  well  known  that  the  quinhydrone  electrode  is  subject  to 
errors  in  the  presence  of  oxidizing  or  reducing  substances  which 
are  sufficiently  active  to  change  the  ratio  of  quinone  to  hydroqui¬ 
none  in  solution.  It  seemed  likely,  therefore,  that  the  high  quin¬ 
hydrone  electrode  values  obtained  in  some  of  the  dealcoholized 
wines  were  due  to  reduction  of  quinone  to  hydroquinone  by  some 
constituents  of  the  wines. 

Effect  of  Tannin,  Sulfite,  and  Acetaldehyde  on  Glass 
and  Quinhydrone  Electrodes.  In  order  to  study  the  influence 
on  the  quinhydrone  electrode  of  some  of  the  reducing  substances 
which  occur  in  wine,  tannin,  sulfite,  and  acetaldehyde  were  added 
to  the  aqueous  tartrate  solution  and  to  a  dry  white  wine  in 
amounts  which  are  comparable  with  those  occurring  in  wines. 
The  tannin  used  was  Merck’s  analytical  reagent  tannic  acid,  the 
sulfite  was  added  as  potassium  metabisulfite,  and  the  acetalde¬ 
hyde  was  added  as  a  10%  solution  of  acetaldehyde.  The  pH 
values  of  the  treated  wines  and  buffer  solutions  were  determined 
with  the  glass  and  the  quinhydrone  electrodes  and  the  results  are 
shown  in  Table  IV. 

None  of  the  additions  had  any  significant  effect  on  the  glass 
electrode  values,  but  the  tannin  and  the  sulfite  affected  the  quin¬ 
hydrone  electrode  values,  appreciably  both  in  the  tartrate  buffer 
and  in  the  wine,  although  the  effects  were  less  marked  in  the  wine. 
Moreover,  the  sulfite  caused  the  quinhydrone  electrode  potential 
to  drift  both  in  the  tartrate  buffer  and  in  the  wine,  while  the  tan¬ 
nin  caused  a  drift  in  the  tartrate  buffer  but  not  in  the  wine.  As 
can  be  seen  from  the  table,  the  drift  due  to  sulfite  was  different 
from  that  due  to  tannin.  The  addition  of  acetaldehyde  did  not 
affect  the  quinhydrone  electrode  values  appreciably  either  in  the 
tartrate  buffer  or  in  the  wine. 


Table  IV.  Effect  of  Tannin,  Sulfite,  and  Acetaldehyde  on  pH 

Values 

pH  Values 


Glass 

Quinhydrone  Electrode 

Solution 

Additions 

elec¬ 

trode 

0.5 

min. 

5 

min. 

30 

min. 

Tartrate  buffer 

(0%  alcohol) 

None 

3.33 

3.33 

3.33 

3.33 

Tannin  1  gram  per 
liter 

3.32 

3.35 

3.37 

Tannin  2  grams  per 
liter 

3.32 

3.36 

3.40 

K2S2O5  100  p.p.m. 

3.33 

3.43 

3.46 

3.40 

K2S2O6  200  p.p.m. 

3.32 

3.48 

3.52 

3.46 

K2S2O6  400  p.p.m. 

3.32 

3.73 

3.97 

3.61 

CH3CHO  200  p.p.m. 

3.33 

3.35 

3.34 

CH3CHO  400  p.p.m. 

3.33 

3.35 

3.34 

Dry  white  wine 

(14.5%  alcohol) 

None 

3.32 

3.26 

3.26 

Tannin  2  grams  per 
liter 

3.32 

3.31 

3.31 

K2S2O5  200  p.p.m. 

3.32 

3.27 

3.30 

3.28 

K2S2O5  400  p.p.m. 

3.32 

3.51 

3.57 

3.36 

CH3CH0  400  p.p.m. 

3.32 

3.26 

3.25 

As  can  be  seen  from  the  table  the  error  due  to  alcohol  was  even 
greater  with  the  hydro-quinhydrone  than  with ‘the  regular  quin¬ 
hydrone  system.  On  the  other  hand,  the  quino-quinhydrone 
system,  although  giving  pH  values  showing  reasonably  good 
agreement  with  those  obtained  by  means  of  the  glass  electrode  in 
buffers  containing  alcohol,  appeared  to  be  greatly  affected  by 
those  constituents  of  wine  which  cause  the  quinhydrone  electrode 
to  give  high  values.  Thus  in  wines  12  and  16  for  which  the 
quinhydrone  electrode  values  were  considerably  lower  than  the 
glass  electrode  values,  the  quino-quinhydrone  electrode  values 
agreed  well  with  those  of  the  glass  electrode.  In  wines  13,  14, 
and  18,  for  which  the  quinhydrone  electrode  values  were  only 
slightly  lower  than  the  glass  electrode  values,  however,  the  quino- 
quinhydrone  electrode  gave  values  appreciably  higher  than  those 
obtained  with  the  glass  electrode. 

DISCUSSION 

The  pH  values  of  wines  as  determined  by  means  of  the  glass 
electrode  are  essentially  correct,  for  the  glass  electrode  is  not  af¬ 
fected  by  the  concentrations  of  ethyl  alcohol  that  occur  in  wines 
nor  by  oxidation-reduction  systems.  On  the  other  hand  the  quin¬ 
hydrone  electrode,  when  used  in  wines,  is  subject  to  at  least  two 
sources  of  error. 
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Table  V.  Comparison  of  pH  Values 


pH, 

Glass 

pH  Values 
Expressed 

with  Different  Electrodes 
as  Deviations  from  Glass 
Electrode  Values 

Content 

Elec- 

Quin- 

Hydro- 

Quino- 

Solution 

%  by  Vol. 

trode 

hydrone 

quinhydrone 

quinhydrone 

Tartrate 

None 

3.33 

0.00“ 

0.00" 

0.00° 

buffer 

5 

3.40 

-0.04 

-0.  10 

+  0.02 

10 

3.47 

-0.07 

-0.  12 

+  0.02 

15 

3.54 

-0.  11 

-0.  17 

+  0.03 

20 

3.63 

-0.15 

-0.17 

+  0.02 

Wine 

25 

3.73 

-0.21 

-0.  19 

0.00 

ii 

19 

4.29 

-0.13 

+  0.06 

12 

20 

3.94 

-0.13 

-0.02 

13 

14 

3.21 

-0.03 

+  0.07 

14 

13 

3.32 

-0.02 

+  0.06 

15 

15 

3.31 

-0.07 

+  0.02 

16 

17.5 

3  40 

-0.10 

+  0.01 

17 

14.5 

3.32 

-0.06 

+  0.01 

18 

15 

3.59 

-0.03 

+  0.20 

°  Potentiometer  set  to  give  value  of  pH  3.33  for  aqueous  tartrate  buffer 
ith  each  electrode  system. 


Alcohol  causes  the  quinhydrone  electrode  to  register  pH  values 
hich  are  too  low,  possibly  because  of  the  greater  increase  in  the 
ilubility  of  quinone  in  comparison  with  that  of  hydroquinone 
s  the  solvent  is  changed  from  water  to  alcohol.  Within  the 
ange  of  alcohol  concentrations  studied  in  buffer  solutions,  the 
eviation  of  the  quinhydrone  electrode  values  from  those  ob- 
lined  with  the  glass  electrode  appears  to  bear  a  linear  relation- 
lip  to  the  alcohol  content  of  the  solution. 

Reducing  substances  such  as  tannin,  sulfites,  and  probably 
ae  coloring  matter  of  red  wines  cause  the  quinhydrone  electrode 
)  register  pH  values  which  are  too  high,  presumably  because  of 
ae  reduction  of  quinone  to  hydroquinone. 

Because  these  two  sources  of  error  operate  in  opposite  direc- 
ions,  the  quinhydrone  electrode  values  for  many  wines,  particu¬ 
larly  those  of  low  to  moderate  alcohol  content,  are  reasonably 
ood  approximations  of  the  glass  electrode  values.  In  other 
dnes,  however,  particularly  fortified  wines,  the  quinhydrone 
lectrode  may  give  values  which  are  more  than  0.15  pH  unit  too 
)w  without  showing  any  appreciable  drift  in  potential.  In  some 
ght  wines,  particularly  those  with  a  high  tannin  content  anrl 
hose  which  have  been  heavily  sulfited,  the  quinhydrone  elec- 
rode  values  may  actually  be  too  high.  In  such  wines,  however, 
he  drift  in  potential  would  probably  warn  the  operator  that, 
iomething  was  wrong. 

Liebmann  and  Rosenblatt  (IS)  concluded  that  since  the  only 
Appreciable  error  to  which  the  quinhydrone  electrode  was  sub- 
ect  in  whisky  was  that  due  to  alcohol,  the  pH  of  whisky  could  be 
letermined  equally  accurately  by  either  the  glass  or  the  quin- 
lydrone  electrode,  provided  that  a  correction  was  applied  to  the 
quinhydrone  electrode  values  to  compensate  for  the  alcohol  er- 
or.  No  such  simple  correction  can  be  applied  to  the  quinhydrone 
lectrode  values  for  wines,  however,  for  in  wines  the  errors  are  not 
iaused  by  a  single  factor  and  are  not  constant  in  amount.  For 
his  reason  the  glass  electrode  system  appears  to  provide  the  most 
atisfactory  means  of  determining  the  pH  values  of  wines  accu- 
ately. 

SUMMARY 

!  The  pH  values  of  wines  and  buffer  solutions  containing  alcohol 
lave  been  determined  by  the  glass,  quinhydrone,  quino-quin- 
lydrone,  and  hydro-quinhydrone  electrodes  and  the  alcohol- 
sontaining  buffer  solutions  have  been  checked  with  the  bubbling 
lydrogen  electrode.  Values  obtained  by  the  glass  electrode  were 
'ound  to  be  essentially  correct. 

The  effects  of  the  presence  of  tannin,  sulfites,  acetaldehyde, 
ind  alcohol  at  various  concentrations  on  the  readings  of  the  glass 
ind  the  quinhydrone  electrodes  were  examined.  None  of  these 
nfluenced  the  glass  electrode  significantly,  but  the  presence  of 
ilcohol  causes  the  quinhydrone  electrode  to  register  values  which 
are  too  low,  while  tannin  and  sulfites  cause  errors  in  the  opposite 
direction. 

In  wines  the  pH  values  recorded  by  the  quinhydrone  electrode 


are  usually  lower  than  the  glass  electrode  values.  It  was  con¬ 
cluded  that  both  types  of  errors  occur  in  wines,  a  positive  error 
being  caused  by  the  presence  of  tannin  and  sulfites  and  a  negative 
one  by  alcohol.  In  a  number  of  samples,  correct  and  near-cor¬ 
rect  values  given  by  the  quinhydrone  electrode  were  shown  to  be 
due  to  a  compensation  of  errors. 

Neither  the  quino-quinhydrone  nor  the  hydro-quinhydrone 
electrodes  give  more  reliable  results  in  wines  than  the  regular 
quinhydrone  electrode. 
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Corrections 

In  the  article  on  “Iodometric  Method  for  the  Assay  of  Penicillin 
Preparations”  [Alicino,  J.  F.,  Ind.  Eng.  Chem.,  Anal.  Ed.,  18, 
619  (1946)]  errors  were  made  in  stating  units. 

Page  619,  second  paragraph  under  Assay  of  Unknowns,  the 
first  line  should  read:  800  to  1000  units  per  mg. 

Page  620,  Table  I,  the  headings  of  the  second  and  third  columns 
should  read:  Units  per  mg.  Table  II,  the  heading  over  the  last 
four  columns  should  be:  Units  per  cc.  The  second  line  under 
Example,  below  the  tables,  should  read:  bioassay  800  units 
per  mg. 


In  the  article  on  “Determination  of  Cuprous  Chloride”  [Ind. 
Eng.  Chem.,  Anal.  Ed.,  18,  136  (1946)]  under  the  heading 
Recommendations  on  page  137,  the  second  sentence  under  Ceric 
Ammonium  Sulfate  should  read:  Add  250  ml.  of  water  and  1 
drop  of  ferrous-phenanthroline  indicator  solution  and  titrate 
with  0.1  N  ceric  ammonium  sulfate  solution  (made  up  in  0.5  M 
sulfuric  acid  solution). 

Lewis  F.  Hatch 


An  omission  was  made  in  the  article  on  “Improved  Apparatus 
for  Karl  Fischer  Water  Determination”  [Ind.  Eng.  Chem.,  Anal. 
Ed.,  18,  726  (1946)],  in  failing  to  give  credit  for  use  of  the 
cathode  ray  magic  eye  tube  in  a  titrimeter.  The  fundamental 
principles  involved  in  this  application  were  first  described  by 
G.  F.  Smith  and  V.  R.  Sullivan  in  “Electron  Beam  Sectrometer”, 
G.  Frederick  Smith  Chemical  Co.,  in  1936. 

Richard  Kieselbach 


In  the  article  on  “Viscosities  of  Pure  Hydrocarbons”  [Ind. 
Eng.  Chem.,  Anal.  Ed.,  18,  611  (1946)  ]  an  error  occurs  in  Table 
I.  The  density  of  n-octane  at  20°  C.  is  0.702  gram  per  cc. 

J.  M.  Geist 


lodometric  Microtitration  for  Mustard  Gas 

V.  EVERETT  KINSEY  and  W.  MORTON  GRANT 
Howe  Laboratory  of  Ophthalmology,  Harvard  Medical  School,  Boston,  Mass. 


Mustard  gas  in  amounts  varying  from  less  than  0.5  to  200  micro¬ 
grams  may  be  determined  accurately  by  iodometric  titration  from 
the  reaction  of  dichloramine  T  and  mustard  in  organic  solvents. 
Under  the  conditions  outlined  this  reaction  differentiates  mustard 
from  derivatives  of  mustard  and  is  unaffected  by  substances  which 
can  be  extracted,  with  the  solvents  used,  from  the  biological  materials 
tested  (blood  and  cornea).  A  modification  of  this  method,  utilizing 
the  quantitative  catalyzing  action  of  the  sulfide  on  the  reduction  of 
dichloramine  T  in  the  presence  of  cyclohexanol,  increases  the 
sensitivity  twentyfold  in  the  range  of  0.2  to  5  micrograms. 


THE  available  methods  for  determining  mustard  gas  (/3,/3'- 
dichloroethyl  sulfide)  are  chiefly  nephelometric  and  have  so 
many  other  limitations  that  it  has  not  been  possible  heretofore 
to  do  quantitative  work,  particularly  on  residual  mustard  in 
biological  material.  For  this  purpose,  a  simple  quantitative 
analytical  method  has  been  developed. 

The  reaction  described  takes  place  in  organic  solvents,  thereby 
eliminating  competing  hydrolysis  which  occurs  in  aqueous  solu¬ 
tion.  It  has  a  high  degree  of  specificity  for  mustard  compared 
with  many  mustard  derivatives  tested,  especially  when  these 
are  extracted  from  aqueous  solutions.  The  test  appears  to  be 
•sufficiently  sensitive  to  estimate  less  than  0.5  microgram  of 
mustard  with  reasonable  accuracy. 

THE  REACTION 

The  method  is  based  on  an  oxidation,  advantage  being  taken 
of  the  well-known  reaction  of  dichloramine  T  with  mustard. 
The  amount  of  chlorine  available  from  dichloramine  T  after  a 
part  is  used  in  chlorinating  the  mustard  is  determined  by  adding 
potassium  iodide  and  acetic  acid  and  titrating  the  amount  of 
iodine  liberated  with  sodium  thiosulfate.  The  end  point  is  suffi¬ 
ciently  sharp  to  make  starch  unnecessary.  The  difference  be¬ 
tween  the  amount  of  sodium  thiosulfate  required  with  and  with¬ 
out  mustard  gives  a  measure  of  the  amount  of  mustard  in  the 
sample.  The  equation  for  this  reaction  cannot  be  given,  since  the 
extent  of  the  reaction  of  mustard  varies  with  the  concentration  of 
dichloramine  T  and  the  solvent  used  to  dissolve  the  mustard. 
Under  the  conditions  in  which  the  reaction  is  carried  out  it  would 
appear  that  about  10  equivalents  of  chlorine  are  utilized  per 
molecule  of  mustard. 


THE  SOLVENTS 

In  older  to  avoid  extra  blanks  and  possible  inaccuracies  re¬ 
sulting  from  side  reactions  of  the  dichloramine  T  with  the  solvents 
used  as  carriers  for  the  mustard  and  the  dichloramine  T,  the 


Table  I.  Stability  of  Dichloramine  T 


Solvent 


Purified  kerosene  (commonly 
known  as  insecticide  solvent) 
CCh,  technical 

Cyclohexane  (practical  Eastman) 
Benzene,  c.p. 

CHCU,  U.S.P. 

Xylene,  c.p. 

Benzine,  c.p. 


0.01  M  NazSzOs  per  Ml.  of  0.2%  DCT 
Solution  Titrated 


Immediately 

0.25 

hour 

1 

hour 

4 

hours 

Ml. 

Ml. 

Ml. 

Ml. 

3.34 

3.33 

3.33 

3.33 

3.34 

3.31 

3.31 

3.32 

3.39 

3.38 

3.38 

3.37 

3.32 

3.30 

3.28 

3.27 

3.33 

3.33 

3.34 

3.33 

3.05 

3.01 

2.80 

2.21 

3.34 

3.21 

3.18 

3.05 

stability  of  dichloramine  T  in  various  solvents  was  determined  b' 
lodometrically  measuring  the  amount  of  chlorine  available  a' 
various  intervals  after  preparation  of  the  solutions  (Table  I).  Th< 
solutions  were  kept  at  room  temperature  and  not  exposed  to  di 
rect  sunlight. 


Table  II.  Efficiency  of  Solvents 

(Ml.  of  0.01  M  sodium  thiosulfate  for  100  micrograms  of  mustard) 

Dichloramine  T  Solvents 


Mustard  Solvent 

Purified 

kerosene 

CCl, 

Benzene 

Cyclohexanr 

Purified  kerosene 

CC14 

Benzene 

Cyclohexane  Practical 
Eastman  Kodak  Co. 

0.58 

0.80 

1.05 

0.73 

0.59 

0.58 

1.03 

o'.  55 

0.69 

0.94 

1.00 

0.68 

1.00 

Xylene 

0.46 

I  rom  the  table  it  may  be  seen  that  an  appreciable  loss  of  chlo¬ 
rinating  power  occurs  only  in  xylene  and  benzine.  Accordingly, 
dichloramine  T  was  dissolved  (0.2%)  in  carbon  tetrachloride,  and 
mustard  in  concentrations  of  50  and  150  micrograms  per  ml.  was 
dissolved  in  purified  kerosene  or  in  cyclohexane;  1  ml.  of  the 
chlorinating  solution  was  added  to  1  ml.  of  the  mustard  solution, 
and  samples  were  withdrawn  periodically  over  a  30-minute 
period  for  titration.  Figure  1  shows  that  the  reaction  is  essentially 
complete  after  20  minutes.  As  a  result  of  these  experiments  the 
reaction  between  dichloramine  T  and  mustard  was  allowed  to 
continue  for  20  minutes  in  all  experiments  reported  below. 

Since  the  amount  of  mustard  is  represented  by  a  difference  in 
the  amount  of  sodium  thiosulfate  required  to  reduce  the  iodine 
liberated  by  the  dichloramine  T  in  the  blank  and  in  the  sample, 
it  is  obviously  desirable  to  keep  the  amount  of  dichloramine  T 
present  to  a  minimum.  To  establish  this  minimum  quantity, 
the  concentration  of  dichloramine  T  was  next  varied  from  0.10 
to  0.20%  and  the  amount  of  sodium  thiosulfate  required  per 
microgram  of  mustard  was  determined.  It  was  found  that  the 


Time,  Minutes 

Figure  1.  Rate  of  Reduction  of  Dichloramine  T  in 
Cyclohexane  or  Purified  Kerosene  Solution 


H,  mustard  gas.  PK,  purified  kerosene 
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Micrograms  of  Mustard  Gas 

Figure  2.  Reaction  of  Mustard  Gas  with  Dichloramine  T 
DCT,  dichloramine  T 


legree  of  chlorination  of  the  mustard  increased  slightly  over 
.his  range  of  concentration  of  dichloramine  T.  The  results  of 
hese  experiments  are  shown  in  Figure  2. 

In  order  to  find  which  solvent  gives  the  best  results — i.e.,  in 
vhich  the  greatest  reaction  occurs  between  the  mustard  and  the 
lichloramine  T — mustard  (100  micrograms  per  ml.)  and  di- 
ihloramine  (0.2%)  were  separately  dissolved  in  different  solvents 
md  allowed  to  react.  Table  II  shows  the  number  of  milliliters 
)f  0.01  M  sodium  thiosulfate  equivalent  to  100  micrograms  of 
nustard  in  each  combination  of  solvents  used. 

The  extent  of  the  reaction  is  seen  to  be  dependent  upon  the  na¬ 
ture  of  the  solvents  employed.  In  every  case  the  presence  of  cy¬ 
clohexane  appeared  to  accentuate  the  reaction.  Because  of  solu¬ 
bility  properties,  carbon  tetrachloride  was  selected  as  the  best 
solvent  for  the  dichloramine  T  and  the  mustard  was  dissolved 
in  either  cyclohexane  or  purified  kerosene,  for  comparative  pur¬ 
poses. 

Analyses  made  using  another  lot  of  cyclohexane  (practical, 
Eastman)  gave  somewhat  different  results  from  those  shown  in 


Figure  3.  Proportion  of  Dichloramine  T  Reduced 
in  20  Minutes  at  26°  C.  in  Cyclohexane  or  Purified 
Kerosene  Solutions  of  Varying  Content  of  Cyclohexanol 

Alone  and  with  6.3  microgrami  of  bis-fS-chloroethyl  sulfide,  H, 
per  ml.  present 


Figure  4.  Proportion  of  Dichloramine  T  Reduced  with  Varying 
Time  of  Reaction  in  1.67%  Cyclohexanol  Solution  at  27°  C. 

With  and  without  3.33  micrograms  of  bis-8-chloroethyl  sulfide,  H,  per  ml.  present 


Table  II.  This  suggests  the  advisability  of  running  standard 
titration  curves  on  each  new  lot  of  solvents  or  using  c.r.  grade 
cyclohexane;  the  latter  gave  a  reproducible  equivalent  of  0.67 
ml.  of  0.01  M  sodium  thiosulfate  per  100  micrograms  of  mustard 
and  in  addition  had  a  negligible  temperature  coefficient. 

As  a  result  of  a  search  for  an  impurity  in  practical  cyclohexane 
which  presumably  was  responsible  for  the  difference  in  sensitivity, 
it  was  found  that  the  presence  of  cyclohexanol  could  produce  a 
manifold  increase  in  the  sensitivity  of  the  test.  While  the  amount 
of  the  oxidizing  agent  reduced  per  unit  of  the  sulfide  could  be  in¬ 
creased  about  twentyfold,  the  effect  was  found  to  be  present  only 
over  an  extremely  narrow  concentration  range  of  cyclohexanol  in 
pure  cyclohexane  or  purified  kerosene. 

The  relationship  of  the  extent  of  reduction  of  dichloramine  T 
in  the  presence  of  mustard  to  the  concentration  of  cyclohexanol 
and  the  time  of  reaction  was  investigated.  The  amount  of  un¬ 
reduced  dichloramine  T  in  the  reaction  mixtures  was  measured  by 
iodometric  titration.  The  proportion  of  a  0.1%  solution  of 
dichloramine  T  reduced  in  20  minutes  at  26°  by  6.3  micrograms 
of  mustard  per  ml.  with  varying  concentrations  of  cyclohexanol 
present  is  shown  in  the  upper  curve  of  Figure  3.  The  lower 
curve  shows  the  amount  of  dichloramine  T  reduced  when  no 
mustard  is  present.  It  is  obvious  that  for  the  concentrations  of 
cyclohexanol.  shown,  the  presence  of  mustard  increases  the  reac¬ 
tion.  The  greatest  difference  between  the  amount  of  dichlor¬ 
amine  T  used  by  the  blank  and  the  amount  used  for  the  given 
amount  of  mustard  is  seen  to  occur  at  approximately  1.67% 
cyclohexanol  in  the  reaction  mixture. 

The  time  of  reaction  of  dichloramine  T  with  mustard  and 
cyclohexanol  appears  to  be  as  critical  as  the  concentration. 
Figure  4  shows  that  for  1.67%  cyclohexanol  the  difference  be¬ 
tween  the  mustard-sensitized  reduction  of  a  0.067%  solution  of 
dichloramine  T  (upper  curve)  and  the  reduction  of  a  control 
solution  without  mustard  is  a  maximum  at  20  minutes. 

PROCEDURE  I 

Analyses  of  known  quantities  of  mustard  in  cyclohexane  or  puri¬ 
fied  kerosene  were  next  carried  out  using  the  following  technique: 
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One  milliliter  of  mustard  solution  was  allowed  to  react  for  20 
minutes  with  1  ml.  of  0.2%  dichloramine  T  dissolved  in  carbon 
tetrachloride  at  27  C.  Four  drops  of  saturated  potassium  iodide 
solution  and  4  drops  of  glacial  acetic  acid  were  then  added,  the 
mixture  was  shaken,  and  0.01  M  sodium  thiosulfate  was  added 
until  no  color  persisted.  Vigorous  shaking  is  required  as  the  end 
point  of  the  titration  is  reached,  and  the  whole  procedure  should 
be  carried  out  away  from  direct  sunlight.  Best  results  are  ob¬ 
tained  by  maintaining  uniform  temperature  conditions  for  the 
mustard-dichloramine  T  reaction. 


Figure  5.  Results  of  Analyses  of  Mustard  Gas 


Concentration  0  to  160  micrograms 


It  is  evident  that  the  amount  of  interference  of  the  derivatives 
tested,  even  in  organic  solution,  is  relatively  slight  and  that  no 
interference  occurs  following  water  extraction,  no  doubt  because 
the  partition  coefficient  of  the  derivatives  in  water  and  purified 
kerosene  greatly  favors  the  water  phase. 

Cornea  and  rabbit  blood  were  next  shaken  with  equal  quanti¬ 
ties  of  several  organic  solvents  and  the  solvent  was  tested  for  the 
presence  of  titratable  substances. 

Table  I\  shows  that  so  long  as  purified  kerosene,  cyclohexane, 
or  xylene  is  used  for  carrying  out  the  extraction,  no  interference 
results. 

PARTITION  EFFECT 

In  order  to  test  whether  the  partition  of  mustard  between  water 
or  blood  and  purified  kerosene  and  cyclohexane  sufficiently  favors 
the  organic  solvent  to  function  properly  as  an  extractant,  equal 
quantities  of  these  solvents  containing  mustard  were  shaken  with 
water  and  blood  for  15  seconds  and  the  loss  of  mustard  was 
measured. 

From  Table  V  it  may  be  seen  that  most  of  the  mustard  remains 
with  the  purified  kerosene  or  cyclohexane  when  water  is  used  to 
extract  the  mustard.  When  blood  is  used  to  make  the  extraction, 
cyclohexane  retains  most  of  the  mustard. 

From  these  studies  of  possible  interfering  substances  and  par¬ 
tition  coefficients  it  is  concluded  that  the  method  described  may 
be  used  for  making  mustard  analyses  in  biological  materials. 

This  test  carried  out  in  the  manner  prescribed  determines 
/3,/3'-dichloroethyl  sulfide  and  not  the  first  hydrolysis  product 
of  mustard,  fl-hydroxyethyl-d'-chloroethyl  sulfide.  The  latter, 


Figure  5  shows  the  results  of  mustard  analyses  performed  over 
a  range  of  0  to  160  micrograms.  The  top  and  bottom  lines  of  the 
figure  refer  to  the  results  obtained  when  the  mustard  was  dissolved 
in- cyclohexane  or  purified  kerosene,  respectively.  All  the  analy¬ 
ses  in  which  the  mustard  was  dissolved  in  purified  kerosene  were 
run  separately  by  three  different  people. 

Figure  6  shows  the  analytical  results  in  the  range  of  0.5  to  4.5 
micrograms.  The  latter  quantities  of  mustard  were  contained  in 
0.1  ml.  of  purified  kerosene. 

For  these  analyses  the  following  quantities  of  reagents  were 
employed:  1  ml.  of  0.2%  of  dichloramine  T  in  carbon  tetra¬ 
chloride,  1  drop  of  potassium  iodide,  and  1  drop  of  glacial  acetic 
acid.  The  titration  was  carried  out  with  0.02  M  sodium  thiosul¬ 
fate  which  was  contained  in  a  micropipet. 

It  is  clear  that  the  usefulness  of  an  analytical  method  for  de¬ 
termining  mustard  in  the  presence  of  biological  materials  de¬ 
pends  to  a  large  extent  upon  whether  derivatives  sf  mustard  or 
substances  extracted  from  the  biological  specimens  interfere  with 
the  test.  Accordingly,  a  series  of  compounds  closely  related  to 
mustard  was  prepared  and  dissolved  in  purified  kerosene  either 
to  saturation,  or  1000  micrograms  per  ml.  Analyses  were  then 
made  of  these  solutions  using  the  technique  previously  outlined 
for  determining  mustard;  the  equivalent  amount  of  sodium  thio¬ 
sulfate  required  is  shown  in  Table  III  in  comparison  with  that 
for  150  micrograms  of  mustard. 


Table  III.  Interference  of  Derivatives 


Derivatives 

Tested 


Concentration  Used  in 
Purified  Kerosene, 
7/ ml. 


(C1CH2CH2)2S 

(CICH2CH2)2SO 

(C1CH2CH2)2S02 

(HOCH2CH2)2S 

(HOCH2CH2)2SO 

(H0CH2CH2)2S02 


150 

Saturated  solution 
1000 

Saturated  solution 
Saturated  solution 
1000 


Ml.  of  0.01  M  Na2S20*  per 
Ml.  of  Solution 


Original 

After  extraction 

solution 

with  H2O 

1.03 

1.02 

0.35 

Blank 

Blank 

Blank 

0.15 

Blank 

0.35 

Blank 

Blank 

Blank 

Table  IV.  Biological  Material  Blanks 


Material 

Solvent  Used  Extracted 


Purified  kerosene 

Purified  kerosene 

Cyclohexane 

Xylene 

Benzene 

CCU 


Cornea 

Blood 

Blood 

Blood 

Blood 

Blood 


Ml.  of  0.01  M 
NajSjO* 

per  Ml.  of  Solution 

Blank 

Blank 

Blank 

Blank 

0.08 

0.03 


Table  V.  Partition  Effect 


Original 

Mustard  Solution 

In  purified  kerosene, 
200  7  per  ml. 

In  cyclohexane,  125  7 
per  ml. 


Per  Cent  of  Mustard  Remaining  after 
_ Extraction _ 

With  H20  With  blood 

98  88 


99 


97 


Micrograms  of  Mustard  Gas 

Figure  6.  Results  of  Analyses  of  Mustard  Gas 
Concentration  0  to  5  micrograms 


December,  1946 


ANALYTICAL  EDITION 


797 


it  was  ascertained  from  the  pure  compound,  is  highly  water- 
soluble  and  remains  in  the  water  phase  when  purified  kerosene  is 
lised  to  extract  the  mustard;  and  only  a  trace  of  the  hydrolysis 
product  is  extracted  by  cyclohexane.  Sulfonium  salts  similarly 
remain  in  the  water  phase  and  are  not  determined  by  this  method. 
[The  isolation  of  /3-hydroxyethyl-/S'-chloroethyl  sulfide  and  its 
Subsequent  synthesis  will  be  described  in  the  Journal  of  the 
American  Chemical  Society.) 

The  reagent  with  the  most  desirable  physical  and  solvent  prop¬ 
erties  for  performing  the  extractions  was  found  to  consist  of  a 
mixture  of  80%  cyclohexane  and  20%  purified  kerosene.  Maxi¬ 
mum  and  essentially  complete  extraction  of  mustard  was  ob¬ 
tained  from  water  by  vigorous  shaking  with  an  equal  volume  of 
this  mixture  for  20  seconds,  and  from  rabbit  blood  by  2  minutes’ 
shaking.  Application  of  this  method  to  a  study  of  hydrolysis 
rates  of  mustard  in  water,  salt  solutions,  and  blood  will  be  dis¬ 
cussed  in  a  subsequent  publication  in  the  J oumal  of  Biological 
Chemistry. 

PROCEDURE  II 

For  applications  necessitating  the  greatest  sensitivity  in  the 
range  of  0.2  to  5  micrograms  of  mustard  gas  the  following  pro¬ 
cedure,  which  takes  advantage  of  the  sensitizing  action  of  cyclo- 
hexanol,  may  be  utilized :  One  milliliter  of  cyclohexane  (Eastman 
iKodak  Co.,  pure)  containing  0  to  5  micrograms  of  mustard  is 
added  to  1  ml.  of  a  5.00%  solution  (by  volume)  of  cyclohexanol  in 


purified  kerosene  (Insecti-Sol  insecticide  solvent)  or  pure  cyclo¬ 
hexane.  The  mixture,  in  a  test  tube,  is  placed  in  a  thermostatic 
water  bath.  The  temperature  coefficient  of  the  sensitized  reac¬ 
tion  was  found  to  be  large  enough  to  require  careful  control  of  the 
temperature  at  which  the  reaction  with  dichloramine  T  takes 
place.  This  is  best  accomplished  by  means  of  a  thermostatic 
bath  controlled  to  within  at  least  0.1  °  C.,  preferably  in  the  range 
of  25  °  to  28  °  C.  One  milliliter  of  0. 1  %  dichloramine  T  in  carbon 
tetrachloride  is  added  and  exactly  20  minutes  later  4  drops  of 
saturated  potassium  iodide  solution  and  4.  drops  of  glacial  acetic 
acid  are  added  with  shaking.  The  iodine  liberated  by  the  unre¬ 
acted  dichloramine  T  is  titrated  with  0.01  M  sodium  thiosulfate 
to  a  colorless  end  point.  The  difference  in  amount  of  thiosulfate 
required  by  the  blank  and  that  required  when  various  known 
amounts  of  mustard  are  present  gives  a  measure  of  the  quantity 
of  mustard  present.  In  the  range  of  0.2  to  5.0  micrograms  of 
mustard  the  difference  in  amount  of  thiosulfate  was  0.2  ml.  of 
0.01  M  solution  per  microgram  of  mustard.  There  was  a 
straight-line  relationship  of  thiosulfate  to  mustard.  In  the  range 
of  0.2  to  1.0  microgram  of  mustard  the  average  absolute  deviation 
from  the  mean  for  ten  individual  titrations  was  equivalent  to  0.03 
microgram. 

The  work  described  in  this  paper  was  done  under  a  contract,  recommended 
by  the  Committee  on  Medical  Research,  between  the  Office  of  Scientific 
Research  and  Development  and  Harvard  University. 


A  Source  of  Error  in  the  Gutzeit  Method  for  Arsenic 

N.  I.  GOLDSTONE 

Department  of  Health,  City  of  New  York,  N.  Y. 


By  using  a  constant-area  zinc  pellet  for  the  generation  of  gases, 
slightly  modifying  the  method  of  sensitizing  the  absorption  strips, 
and  yet  maintaining  the  simplicity  of  the  Gutzeit  procedure,  the 
error  is  reduced. 

IN  THE  microdetermination  of  arsenic  the  Gutzeit  method 
continues  to  maintain  its  popularity  over  other  procedures 
despite  the  rather  poor  opinion  of  its  accuracy  held  by  analytical 
chemists.  The  reason  for  this  popularity  lies  in  the  simplicity 
of  both  the  procedure  and  the  apparatus  required.  Investiga¬ 
tors  (10,  21)  generally  concluded  that  the  requirements  of  micro¬ 
chemical  accuracy  are  wanting  and  that  relatively  consistent 
results  can  be  achieved  only  after  considerable 'experience  with 
the  procedure.  In  attempts  to  reduce  the  error  the  principal 
modifications  proposed  were: 

Substitution  of  papeb  disks  (19,  22)  or  cotton  threads  (3,  4, 
15,  16)  for  paper  absorption  strips. 

Use  of  activators  or  zinc  alloys  (12,  15)  for  the  generation  of 
gases. 

Temperature  control  on  whole  or  part  of  the  generator  (11,  14, 

15). 

Applications  of  the  molybdenum  blue  reaction  (9, 17,  20,  24). 
Absorption  of  arsine  into  a  liquid  followed  by  a  titration  proce¬ 
dure  (8). 

Spot-filtration  of  arsine  under  vacuum  (22). 

None  of  these  variations  has  achieved  general  acceptance,  be¬ 
cause  they  require  the  use  of  special  apparatus  or  the  procedure 
is  too  complicated.  The  method  of  Cassil  and  Wichmann  pro¬ 
duces  a  satisfactory  degree  of  accuracy  and  shortens  the  time  re¬ 
quired  for  an  analysis,  but  special  apparatus  and  a  supplementary 
iodine  titration  are  necessary.  The  molybdenum  blue  proce¬ 
dures  and  the  spot-filtration  modification  are  subject  to  similar 
limitations,  and  How  in  his  searching  investigation  prescribed  a 
set  of  carefully  standardized  conditions  in  addition  to  special 
apparatus  which  might  be  acceptable  to  a  laboratory  where  ar¬ 
senic  analysis  is  a  day  by  day  routine,  but  would  not  be  adopted 
readily  by  the  analyst  who  makes  an  occasional  arsenic  deter¬ 


mination.  Furthermore,  the  evaluation  of  these  variations  by 
collaborative  effort  (6,  7,  18,  23)  has  not  been  completed  and 
hence  the  official  method  (1)  still  enjoys  considerable  vogue. 

Since  the  Gutzeit  method  is  empirical,  consistent  results  depend 
on  close  adherence  to  uniformity  in  reagents,  apparatus,  and  pro¬ 
cedure,  rigid  specifications  for  which  are  prescribed  by  the 
official  method  in  all  particulars  save  one — the  zinc  used  for 
generation  of  gases.  Where  stick  zinc  is  used  the  analyst  is  in¬ 
structed  to  sort  out  the  overactive  or  underactive  pieces  on  the 
basis  of  visual  observation  of  the  rate  of  gas  evolution  during 
activation,  and  to  equalize  the  surface  area  exposed  as  far  as 
possible.  Cassil  (5)  has  shown  that  the  principal  factors  influenc¬ 
ing  the  length  and  intensity  of  the  stain  are  the  rate  of  evolution 
of  hydrogen  and  the  method  of  impregnating  the  strips.  He 
found  that  a  definite  rate  of  evolution  could  not  be  maintained  by 
the  use  of  granular  zinc,  though  the  most  satisfactory  stains  were 
produced  with  20-mesh  spherical  granular  zinc.  Gross  (13)  ob¬ 
tained  a  substantially  greater  recovery  of  arsenic  with  stick  zinc 
than  with  30-mesh  granular  zinc  under  identical  conditions. 

The  present  investigation  was  pursued  on  the  theory  that  if  a 
zinc  pellet  could  be  devised  which  exposed  a  constant  surface 
area  to  the  surrounding  liquid,  a  uniform  rate  of  evolution  could 
be  maintained  and  a  more  constant  reproducibility  in  length  and 
intensity  of  stain  would  result.  The  author  devised  such  a  pellet 
by  molding  zinc  in  the  form  of  cylindrical  rod  of  definite  cross- 
sectional  area  and  rendering  the  cylindrical  surface’  inactive  by 
a  coating  of  wax,  leaving  the  two  plane  circular  ends  as  generating 
surfaces. 

EXPERIMENTAL 

Preparation  of  Pellets.  For  molding  zinc  cylindrical  rods 
15  X  125  mm.  Pyrex  test  tubes  were  employed.  Since  these 
vary  somewhat,  a  number  having  identical  inside  diameters  were 
selected,  and  tested  with  a  pair  of  inside  calipers.  A  tube  is* 
clamped  on  a  stand  in  a  vertical  position  and  cai-efully  preheated 
with  a  Bunsen  burner  while  a  sufficient  quantity  of  arsenic-free 
zinc  is  being  melted  in  a  Pyrex  beaker,  then  filled  with  the  molten 
zinc.  The  tube  is  tapped  to  eliminate  air  pockets  and  the  zinc  is 
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aU°wed  Sradually,  the  flame  being  played  on  the  upper 

end,  so  that  this  portion  remains  in  the  liquid  state  longest 
this  precaution  prevents  the  formation  of  a  hollow  core  due  to 
contraction  as  the  metal  solidifies  and  results  in  a  solid,  uniform 
cylinder.  The  zinc  is  allowed  to  cool  and  the  cylinder  removed 
by  breaking  the  test  tube.  With  a  hack  saw  the  rod  is  cut  into 
suitable  lengths  (slightly  less  than  the  inside  diameter  of  the 
generating  bottle  used),  the  ends  are  smoothed  on  an  emery 
wheel,  and  the  pellet  is  ready  for  wax  coating. 

A  mixture  of  three  parts  of 
paraffin  to  one  of  Acrowax  C 
(Glyco  Products  Company, 

Brooklyn,  N.  Y.)  was  found  most 
satisfactory  for  coating.  Some 
white  pigment  such  as  magne¬ 
sium  carbonate  is  rubbed  into 
gum  arabic  paste,  and  the  plane 
ends  of  the  pellet  are  coated 
with  this  paste,  and  allowed  to 
dry.  One  end  of  the  pellet  is 
dipped  into  a  beaker  of  molten 
wax,  withdrawn,  and  allowed 
to  harden;  then  the  operation 
is  repeated  on  the  other  end, 
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Figure  1.  Constant  Sur¬ 
face-Area  Pellet 


the  entire  surface  being  covered  with  a  layer  about  0.16  cm. 
l  /i6  inch)  thick.  A  second  dipping  may  be  necessary.  The 
plane  ends  are  scraped  free  of  wax  and  soaked  in  water  to  remove 
the  coating  of  paste.  The  pellet  is  activated  with  stannous 
chloride  solution  as  directed  in  the  official  method  and  stored 
under  water  to  which  a  drop  of  hydrochloric  acid  has  been  added, 
r  or  greater  uniformity  the  author  preferred  to  activate  with 
stannous  chloride-hydrochloric  acid  (1  +  7)  solution  rather 
man  that  of  the  official  method,  since  this  concentration  prevails 
in  the  actual  arsenic  determination.  It  is  advisable  to  scrape 
away  with  a  knife  the  protruding  collar  of  wax  exposed  by  solu- 
ion  of  zinc.  A  pellet  3.75  cm.  (1.5  inches)  long  serves  for  about 
lo  determinations  before  becoming  too  short  for  further  use 
(figure  1). 


Sensitization  of  Paper  Strips.  The  author  has  adopted  a 
slight  variation  in  the  manner  of  sensitizing  the  Hanford-Pratt 
paper  strips. 


Instead  of  sensitizing  them  each  time  a  determination  is  to  be 
made,  a.  sheet  of  32  strips  is  cut  into  9-cm.  lengths  and  kept  per¬ 
manently  suspended  in  the  alcoholic  mercuric  bromide  solution 
stored  in  a  10-cc.  glass-stoppered  graduate  cylinder  in  the  dark, 
strips  are  withdrawn  as  required  from  this  reservoir,  pressed  im¬ 
mediately  between  sheets  of  filter  paper,  and  air-dried  for  0.5  hour 
helore  using.  Length  of  storage  time  had  no  influence  on  results 
even  after  several  months  of  storage.  In  this  manner  freshlv 
prepared  strips  are  available  whenever  required.  As  a  matter  of 
economy  determinations  were  made  using  strips  3  cm.  in  length 
and  to  accommodate  this  variation  a  constriction  was  blown  into 
tne  upper  absorption  tube,  and  the  strip  was  dropped  into  the  tube 
to  rest  on  the  constriction.  Shorter  strips  have  less  tendency 
to  curl,  thus  producing  a  more  uniform  stain  (Figure  2). 


REAGENTS 

Standard  Arsenic  Solution.  Dissolve  1  gram  of  arsenic 
trioxide  in  25  cc.  of  20%  sodium  hydroxide,  saturate  the  solution 
with  carbon  dioxide,  and  dilute  to  1  liter  with  recently  boiled 
water.  Dilute  40  cc.  of  this  solution  to  1  liter.  Make  50  cc  of 
tne  diluted  solution  to  1  liter;  1  cc.  contains  0.002  mg.  of  ar¬ 
senic  trioxide.  6 

Stock  Arsenic  Solution  1.  To  75  cc.  of  standard  arsenic 
solution  add  150  cc.  of  hydrochloric  acid  (specific  gravity  1.19) 
cool,  and  make  to  volume  of  1050  cc. ;  35  cc.  of  this  solution  con¬ 
tain  l).  005  mg.  of  arsenic  trioxide  and  5  cc.  of  hydrochloric  acid 

Stock  Arsenic  Solution  2.  To  150  cc.  of  standard  arsenic 
solution  add  150  cc.  of  hydrochloric  acid  (specific  gravity  1.19) 
cool,  and  make  to  volume  of  1050  cc. ;  35  cc.  of  this  solution  con¬ 
tain  0.010  mg.  of  arsenic  trioxide  and  5  cc.  of  hydrochloric  acid. 

Stock  Solution  of  Digested  Oysters.  Digest  a  quantity  of 
raw  shucked  oysters  with  nitric  and  sulfuric  acids,  and  treat  with 
ammonium  oxalate  in  the  usual  manner.  Dilute  to  500  cc 
Determine  the  acid  concentration  on  an  aliquot,  then  add  the 
exact  amount  of  hydrochloric  acid  necessary,  so  that  on  dilution 
to  lOoO  cc.  a  35-cc.  aliquot  contains  5  cc.  of  acid. 

Alcoholic  Mercuric  Bromide  Solution.  Dissolve  4 
grams  of  mercuric  bromide  in  95%  alcohol,  filter,  and  add  alcohol 
to  make  100  cc. 

Potassium  Iodide  Solution.  Dissolve  15  grams  of  potas¬ 
sium  iodide  m  water  and  dilute  to  100  cc. 


Stannous  Chloride  Solution.  Dissolve  40  grams  of  arsenic 

uTto  fononr°cU  uChh°ridH  d^£drate  in  hydrochloric  acid  and  mak. 
up  to  1UU  cc.  with  acid  of  the  same  strength 

lead°aceteate  solution.'^6'  ““  deaned  S£md  moistened  with  10^ 


PROCEDURE 

_  4-  Se?eS  °J  determinations  was  made  on  each  stock  solution  ii 
replicates  of  six,  each  set  of  replicates  being  run  on  different  dates 
Using  the  same  pipet  for  all  determination  35-cc  ahquots  wen 

ontndl  d°rognnerfatrng  bottlesffi5  cc‘  of  Potassium  S  sffiu 
each  *il4tvS  P  -  °/  stannous  chloride  solution  were  added  tc 
and  the  mixtures  were  allowed  to  stand  for  0.5  hour  al 

solution  ;,Liea,SUre  uni[or.mity  in  the  amount  of  stannous  chloride 
„  add®d’  a  small  pipet  was  set  aside  and  used  solely  for  this 
mm1?  lie  flat  fter  introdyction  of  activated  zinc  pellets,  which 
+  1  t0  expose  the  generating  surfaces  freely,  the  absorp- 

within^cm6??  •C0Mert+eL,4.the-  Senerators  were  immersed  to 
bath  0  r  to-p  m  a  constant-temperature  water 

Datn  at  25  G.,  and  the  evolution  was  allowed  to  proceed  for  1.5 

hours.  The  paper  strips  were  then  re¬ 
moved  and  stain  lengths  measured  in  the 
usual  manner — by  drawing  sharp  pencil 
lines  across  the  termination  of  the  stain 
and  averaging  both  sides  of  the  strip. 
Headings  were  made  to  0.25  mm. 


Figure  2.  Ab¬ 
sorption  Tube 


DISCUSSION 

In  the  published  investigations  of  the  ac 
curgey  of  the  Gutzeit  method,  Barnes  ant 
Murray  (2),  using  30-mesh  granulated  zinc 
reported  a  probable  error  ranging  from 
to  100%,  covering  a  concentration  rang< 
from  40  micrograms  of  arsenic  trioxide  down 
and  Neller,  with  stick  zinc,  calculated  < 
probable  error  of  10%  for  single  determina 
tions.  How,  using  a  zinc  alloy  in  sticl 
form,  but  substituting  cotton  threads  foi 
paper  strips  and  maintaining  a  very  care¬ 
fully  controlled  set  of  conditions,  was  able 
to  reduce  the  probable  error  to  3%  for  single 
determinations.  The  statistical  analysis 
given  in  Table  I  presents  figures  arrived  at 


Table  I.  Microdetermination  of  Arsenic 


Trial 


No. 

Pellet  1 

2 

3  4 

5 

6 

10  Micrograms  of  As.Oa 

1 

7.0 

7.5 

7.3  7.8 

6.5 

7.4 

2 

7.5 

7.6 

7.8  8.0 

7.4 

7  9 

3 

6.5 

7.1 

7.1  7.1 

7.3 

7.1 

4 

7.4 

7.5 

7.4  7.6 

7.1 

7.5 

5 

7.1 

7.4 

7.1  7.5 

7.6 

7.3 

Mean  — 

7.3 

Standard  deviation  = 

0.35 

Coefficient  of  variation  =  4.7  with  standard  error 

of  0.61 

5  Mierograms  of  AS2O3 

i 

4.5 

4.5 

5.0  4.5 

5.3 

5.6 

2 

4.6 

4.9 

5.0  5.1 

5.2 

4.9 

3 

5 . 5 

5.2 

4.9  5.5 

5.1 

5.2 

4 

5.4 

5.5 

6.0  6.0 

5  0 

5.0 

5 

5.0 

4.9 

4.5  5.9 

5.0 

5.0 

6 

4.4 

4.5 

4.8  4.9 

5.0 

5.0 

Mean  = 

5.1 

Standard  deviation  = 

0.42 

Coefficient  of  variatioE 

l  =  8.2  with  standard  error  of  0.97 

Digested  Oyster  Solution 

i 

11.3 

12.3 

11.5  11.4 

11.5 

10.5 

2 

10.3 

10.8 

12.8  10.1 

10.5 

11.1 

3 

9.9 

10.6 

11.4  9.6 

9.8 

10.1 

4 

11.0 

9.8 

11.8  11.8 

10.8 

10.3 

Mean  = 

10.9 

Standard  deviation  = 

0.84 

Coefficient  of  variation 

=  7.7  with  standard  error  of  1.12 

Replicates  on 

Diluted  Oyster  Solution 

5 

5.6 

4.8 

5.4  5.1 

5.3 

5.5 
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>y  employing  the  more  modern  concepts  prevailing  today  and  is 
expressed  in  terms  somewhat  different  from  those  given  above; 
lence  comparison  cannot  be  made  at  a  glance.  However,  the 
ame  statistical  method  applied  to  How’s  results  with  10  micro- 
;rams  ®f  arsenic  gives  figures  which  fail  to  show  any  significant 
lifference  in  accuracy  compared  to  those  in  Table  I  for  the  same 
oncentration.  Heretofore  no  attempt  has  been  made  at  accu- 
ate  control  of  either  the  area  of  metal  exposed  to  the  reaction 
iquid  or  the  uniformity  of  activation  of  the  surface.  That  both 
hese  factors  have  an  important  influence  on  the  accuracy  of  the 
nethod  has  been  recognized  but  no  means  of  controlling  them 
las  been  suggested.  The  official  method  directs  the  analyst  to 
'ary  the  amount  of  zinc  according  to  the  activity  of  the  particular 
'>atch  used  and  recommends  equalization  in  so  far  as  possible  of 
he  surface  area  exposed.  Left  to  the  judgment  of  the  operator 
nerely  on  the  basis  of  visual  observation,  these  variables  may 
esult  in  error. 

During  the  course  of  a  determination  there  is  a  progressive 
)lating  out  of  metallic  tin  on  the  zinc  surface,  most  of  which  forms 
,  gas-filled  sponge  which  eventually  breaks  away  and  floats  to 
he  surface  of  the  liquid.  The  zinc  surface  retains  a  thin  black 
:oating  of  amorphous  tin  uniform  in  appearance,  which  does 
lot  wash  away  when  a  stream  of  water  is  played  upon  it,  nor 
vhen  the  pellet  is  stored  under  water  until  again  required.  The 
miformity  of  this  tin  plating  is  an  important  factor  influencing 
he  rate  of  gas  evolution.  Measurements  showed  that  the  evolu- 
ion  proceeds  at  a  uniform  rate  and  there  is  no  necessity  of  sort- 
ng  pellets  according  to  apparent  activity.  Furthermore,  the 
>ellets  wear  down  evenly  without  pitting  or  variation  in  form  of 
he  plane  surfaces.  In  the  experimental  work  the  six  pellets 
vere  identified  by  number,  each  vertical  column  of  results  in 
Table  I  having  been  obtained  using  the  same  pellet.  No  differ- 
:nce  in  activity  of  the  pellets  is  discernible.  The  reduction  in 
jrror  shown  in  the  tabulated  results  may  fairly  be  ascribed  to  a 
lontrol  of  these  variables.  It  seems  likely  that  a  combination  of 
,he  uniform  area  pellet  and  the  use  of  sensitized  cotton  threads 
nstead  of  paper  strips  in  the  manner  described  by  Cahill  and 
Walters  would  produce  more  accurate  results  in  the  lower  range 
>f  1  microgram  of  arsenic  trioxide.  Until  a  more  satisfactory 
nethod  is  developed  and  generally  accepted,  approximating  the 


Gutzeit  procedure  in  simplicity,  the  latter  need  not  be  relegated 
to  the  limbo  of  outworn  and  discarded  analytical  methods. 


SUMMARY 

More  accurate  control  of  the  surface  and  activation  of  the  zinc 
pellet  in  the  Gutzeit  determination  bring  about  a  reduction  in 
error.  An  improved  pellet  has  been  devised  which  exposes  a 
constant  surface  area  to  the  surrounding  liquid,  assuring  a  more 
uniform  rate  of  evolution  of  gases.  The  pellet  serves  for  a  con¬ 
siderable  number  of  successive  determinations,  and  is  economi¬ 
cal.  A  more  convenient  and  accurate  way  of  sensitizing  and 
using  the  paper  absorption  strips  is  proposed.  These  improve¬ 
ments  are  accomplished  without  sacrificing  the  simplicity  of  the 
Gutzeit  method. 
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Volumetric  Determination  of  Water  in  Paints  and  Varnishes 

MELVIN  H.  SWANN,  Paint  and  Chemical  Laboratory,  Aberdeen  Proving  Ground,  Md. 


Water  can  be  determined  quantitatively  in  paints  and  varnishes  by  a 
volumetric  method  with  greater  accuracy,  with  small  samples,  and  in 
ess  time  than  by  the  usual  methods. 

^TANDARD  methods  of  determining  water  in  paints  are 
O  known  to  be  limited  in  accuracy  and  results  are  reproducible 
to  0.1%  only  with  difficulty  even  if  100  grams  of  sample  are 
used.  Whether  the  determination  is  made  by  distillation  or  by 
refluxing  over  Dean  and  Stark  tubes,  the  water  collected  is  esti¬ 
mated  in  graduated  tubes  and  suitable  apparatus  must  be  erected 
to  test  each  sample.  Time  consumed  will  exceed  an  hour  per 
sample  tested  and  the  amount  of  water  collected  is  merely  esti¬ 
mated.  Toluene,  xylene,  or  tetrachloroethylene  used  for  separa¬ 
tion  of  the  water  prevent  wetting  of  the  glass  condenser,  so  that 
an  unestimated  quantity  of  water  is  always  retained  and  not 
collected  in  the  graduated  part  of  the  apparatus. 

The  water  content  of  paints  and  varnishes  can  be  determined 
accurately  and  quickly  by  a  simple  and  efficient  technique,  em¬ 
ploying  a  specific  titrimetric  method  that  involves  the  use  of  Karl 
Fischer  reagent  (4).  Results  are  reproducible  to  0.01%. 


Karl  Fischer  reagent  for  rapid  direct  determination  of  water 
has  been  successfully  applied  to  oils  {6),  fats  (8),  and  waxes  (II)', 
hydrated  salts  (9);  glue,  plasticizers,  and  alcohols  (£);  pulp, 
paper,  cotton,  and  cellulose  (7);  dry  foods  (6)',  and  liquid  petro¬ 
leum  fractions ,  (1).  With  several  modifications  it  can  be  ap¬ 
plied  to  water  analysis  of  paints  and  varnishes.  The  titration 
assembly  is  similar  to  that  described  by  Almy,  Griffin,  and 
Wilcox  (2). 

ANALYTICAL  PROCEDURE 

All  apparatus  used  must  be  carefully  dried.  From  10  to  20 
grams  of  paint  or  varnish  are  weighed  into  a  250-ml.  glass- 
stoppered  flask.  Anhydrous  pyridine  is  added  from  a  buret,  the 
amount  varying  according  to  viscosity  of  sample;  10  ml.  may 
suffice  for  thinned  samples  and  up  to  25  ml.  for  unthinned  sam¬ 
ples.  The  mixture  is  then  swirled  thoroughly  and  25  to  50  ml. 
of  Karl  Fischer  reagent  are  added  without  delay.  The  flask  is 
stoppered  and  placed  in  an  anhydrous  glycol  bath  at  50  °  C.  for  45 
minutes.  The  stopper  is  loosened  once  to  release  pressure,  then 
replaced  tightly,  and  the  flask  is  swirled  at  10-minute  intervals 
throughout  the  warming  period.  The  flask  is  allowed  to  cool 
and  contents  are  titrated  electrically  by  adding  pyridine  con¬ 
taining  0. 1  %  water . 
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The  titration  apparatus  consists  of  a  plastic  plug  equipped 
with  stirrer  and  tungsten-platinum  electrode  connected  to  a  Beck¬ 
man  pH  meter  (model  G).  Standardization  of  reagents  will  com- 
plete  the  operation. 

Pfridi11?  (°-1%  water),  used  in  back-titrating  the  unreacted 
Aarl  r  ischer  reagent,  may  also  be  used  in  place  of  anhydrous 
pyridine  for  diluting  purposes,  and  its  water  content  deducted  in 
the  calculations.  Although  anhydrous  pyridine  is  recommended 
its  possible  contamination  with  water  must  be  checked  by  the 
reagent.  Anhydrous  c.p.  pyridine  was  obtained  from  J  T 
Baker  Company,  Phillipsburg,  N.  J.,  and  Karl  Fischer  reagent 
was  obtained,  ready  for  mixing,  from  Eimer  &  Amend  New 


ACCURACY  OF  METHOD 

Recovery  of  known  quantities  of  water  added  to  anhydrous 
paints  and  varnishes  was  used  to  check  accuracy.  Varnishes  and 
paints  found  to  have  no  water  content  or  very  low  known  water 
content  were  used  as  a  basis  and  a  weighed  quantity  of  1%  solu¬ 
tion  of  water  in  pyridine  was  added.  Uniformity  of  solution  was 
obtained  by  warming  at  50°  C.  for  45  minutes  and  allowing  to 
cool.  Water  was  then  determined  on  the  mixture. 


Paint 

(Anhydrous) 

Pyridine 
(1.16%  Water) 

Mixture 

Taken 

Water 

Present 

Water 

Recovered 

Grams 

Grams 

Grams 

% 

% 

46.1329 

37.9891 

56.4309 

10.4001 

13.3605 

30.6477 

6.9320 

8.014 

12.4703 

0.2133 

0.2419 

0.509 

0.216 

0.2401 

0.511 

A  similar  procedure  was  used  to  compare  the  method  with  the 
present  azeotropic  distillation  method  (5).  An  anhydrous  alkyd 
resin  of  medium  oil  length  was  used,  1%  water-in-pyridine  was 
added,  and  aliquot  portions  were  used  for  each  analysis. 


Sample  Weight 
Distillation 

Volumetric- 

Water 

Water 

Recovered 

Method 

Method 

Present 

Distillation 

Volumetric 

Grams 

Grams 

% 

% 

% 

.  89.7960 

7.4141 

1.6477 

1.448 

1.651 

0  822 

114.3766 

4.8950 

0.8175 

0.699 

97.4304 

6.0911 

0.4394 

0.308 

0.435 

APPLICABILITY  AND  INTERFERING  SUBSTANCES 

Many  paint  specifications  do  not  specify  water  tolerances. 
The  volumetric  method  described  has  been  applied  to  many  types 
of  paints,  enamels,  and  resins,  including  a  number  for  which 
water  analysis  is  not  required.  Resins  which  in  isolated  form 
are  known  to  be  insoluble  in  pyridine  are  completely  compatible 
when  previously  dissolved  in  other  solvents.  Viscosity  of  the 
samples  tested  varied  widely.  Dry  powdered  pigments  were 
checked  for  interference.  Zinc  oxide  was  the  only  constituent 
of  enamels  found  to  interfere.  The  presence  of  zinc  oxide  did  not 
have  to  be  predetermined,  however,  since  its  interference  was 
shown  by  the  behavior  of  the  electrical  titration  apparatus,  in 
that  no  state  of  balance  could  be  obtained  and  the  addition  of 
either  Karl  Fischer  reagent  or  standard  water  solution  had  an 
unexpected  effect  on  the  indicating  needle.  Thus  its  presence 
can  be  detected  by  one  experienced  in  handling  the  titration. 
However,  no  paint  specifications  requiring  water  analysis  have 
been  encountered  which  also  specify  zinc  oxide  pigments,  with 
the  exception  of  Specification  T-1715A  (10),  Type  I.  In  the 
presence  of  zinc  oxide,  the  A.S.T.M.  method  for  determining 
water  in  petroleum  products  may  be  used. 
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Precise  Low-Pressure  Measurements  with  a  Thermocouple  Gage 

WILLIAM  G.  SMILEY,  Northern  Regional  Research  Laboratory,  Peoria,  III. 


PRESSURE  gages  which  depend  on  thermal  conductivity 
(Pirani  and  thermocouple  gages)  have  been  used  chiefly  for 
leak-hunting  and  other  rough  measurements  in  the  range  0.001  to 
0.1  mm.  Usually  they  are  operated  at  either  constant  current  or 
constant  voltage,  and  in  these  cases  the  upper  limit  of  the  sensi¬ 
tive  range  is  due  not  to  the  thermal  conductivity’s  becoming 
constant,  but  rather  to  the  temperature  gradient’s  becoming 
too  small  to  be  measured.  The  range  can  be  extended  consider¬ 
ably  by  operating  at  constant  temperature  (constant  resistance 
on  the  Pirani  gage,  constant  output  on  the  thermocouple  gage). 
By  this  means  and  by  using  very  small  dimensions  (1-mm. 
radius),  Rittner  (8)  was  able  to  make  a  Pirani  gage  sensitive  up  to 
15  mm. 

There  seems  to  be  no  reason,  in  principle,  why  these  gages 
should  not  be  used  for  precise  as  well  as  rough  measurements. 
1  his  would  be  desirable,  especially  for  measurements  on  con¬ 
densable  vapors  where  the  McLeod  gage  cannot  be  used,  and 
also  whenever  the  presence  of  mercury  is  undesirable.  With  the 
usual  setup,  the  precision  is  limited  by  the  electrical  instruments 
used.  The  author  has  found  that  when  a  commercial  thermo¬ 
couple  gage  is  used  with  sufficiently  accurate  electrical  instru¬ 
ments,  and  with  the  addition  of  a  constant-temperature  jacket, 


the  precision  in  the  sensitive  range  is  limited  only  by  the  pres¬ 
sure  measurements  used  for  calibration. 

The  gage  used  was  a  General  Electric  Type  J-l  vacuum  gage. 
It  is  intended  to  be  used  with  a  constant  heater  current  of  30  ma. 
and  a  low-resistance  microammeter.  Under  these  conditions' 
the  pressure  can  be  read,  at  best,  to  ±4%  (at  0.015  mm.);  and 
at  0.1  mm.  the  sensitivity  practically  disappears.  In  these  ex¬ 
periments,  both  the  thermal  e.m.f.  and  the  heater  current  were 
a  Leeds  &  Northrup  Type  8662  portable  potentiometer, 
the  heater  current  being  determined  from  the  voltage  drop  across 
a  0-1-ohm  precision  resistor.  In  order  to  permit  rapid  alternate 
checks  of  both  quantities,  the  cold-junction  compensating  slide- 
wire  of  the  Type  8662  was  used  as  an  auxiliary  (fixed)  poten¬ 
tiometer  to  compare  with  the  thermal  e.m.f.  The  heater  current 
was  adjusted  to  give  a  constant  thermal  e.m.f.  of  3.050  mv, 
(this  value  is  checked  occasionally  with  the  main  potentiometer! 
the  compensating  slidewire  being  used  only  as  a  source  of  con¬ 
stant  e.m.f.) ;  the  necessary  heater  current,  which  is  the  measure 
of  pressure,  varies  from  27  ma.  (below  0.001  mm.)  to  150  ma. 
(above  20  mm.).  The  power  supply  was  a  single  lead  storage 
cell,  with  a  rheostat  consisting  of  a  100-ohm  and  a  500-ohm  vari¬ 
able  resistor  in  parallel,  to  give  coarse  and  fine  control  over  a  wide 
range. 

To  determine  the  sensitivity,  measurements  were  made  on 
dry  air  against  a  McLeod  gage  and  a  U-tube  mercury  manometer 
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which  was  read  with  a  cathetometer  to  =>=0.01  mm.  The  sensi¬ 
tivity  may  be  expressed  as  the  change  in  heater  current  for  a  1  % 
change  in  pressure.  This  was  determined  by  graphical  differen¬ 
tiation.  When  the  sensitivity  is  plotted  against  the  logarithm  of 
the  pressure,  it  falls  off  symmetrically  from  a  maximum  of  0.31 
ma.  at  0.2  mm.,  reaching  0.10  ma.  at  0.02  and  2  mm.,  and  0.01 
ma.  at  0.002  and  20  mm. 

In  any  one  run  the  current  could  be  determined  to  ±0.01  ma. 
This  means  that  the  gage  is  sensitive  to  a  1%  change  in  pressure 
from  0.002  to  20  mm.,  while  from  0.02  to  2  mm.  it  is  sensitive  to 
.0. 1  %  or  less.  From  one  run  to  another,  however,  readings  varied 
by  as  much  as  3  ma. .  This  was  attributed  to  external  tempera¬ 
ture  changes.  By  attaching  a  thermocouple  to  the  outside  of 
the  gage,  it  was  found  that  a  change  of  1°  C.  in  its  surface  tem¬ 
perature  changed  the  reading  about  1  ma.  The  gage  was  there¬ 
fore  enclosed  in  a  metal  jacket  through  which  was  circulated 
constant-temperature  water.  Although  the  surface  temperature 
was  slightly  dependent  on  pressure,  it  was  constant  within 
0.01°  C.  at  any  one  pressure. 

The  major  objection  to  any  thermal  pressure  gage  is  the  curved 
characteristic  which  necessitates  extensive  calibration  against 
some  standard.  The  McLeod  gage  is  not  accurate  enough  to 
utilize  the  full  sensitivity  of  the  thermocouple  gage.  Since  it 
appears  that  a  principal  use  of  the  gage  as  a  precise  instrument 
!  would  be  in  measuring  the  pressure  of  water  vapor  above  hy¬ 
drates,  a  convenient  standard  is  the  vapor  pressure  of  ice,  which 
is  known  (2)  to  ±0.2%.  Although  a  complete  calibration  curve 
has  not  been  made,  enough  points  have  been  measured  to  show 
that  this  is  feasible. 


in  the  tube,  measured  by  a  three-j unction  copper-constantan 
thermopile,  was  thus  kept  constant  to  ±0.02°  C.,  which  deter¬ 
mines  the  pressure  within  0.2%,  the  precision  of  the  published 
data.  As  much  as  1  hour  may  be  required  to  reach  equilibrium. 
The  fluctuations  in  the  gage  reading  are  slightly  larger  than  with 
air,  about  0.02  ma.  This  may  be  due  to  thermal  fluctuations, 
which  might  be  expected  to  amount  to  as  much  as  0.06  ma.  in  the 
most  sensitive  region,  but  are  largely  smoothed  out  by  the  slow 
response. 

The  following  readings,  made  in  succession,  show  the  repro¬ 
ducibility  of  the  results  whether  equilibrium  is  approached  from 
above  or  below: 


Temperature,  °  C. 


Pressure,  Mm. 


Current,  Ma. 


-45.73 

-36.69 

-23.94 

-36.69 


0 . 0497 
0.1399 
0.529 
0.1399 


60.98 

86.42 

115.11 

86.42 


±  0.01 
±  0.02 
±0.02 
±0.02 


There  seems  to  be  no  reason  why  a  Pirani  gage  operated  at  con¬ 
stant  temperature  and  with  sufficiently  accurate  electrical  instru¬ 
ments  should  not  be  as  precise  as  the  thermocouple  gage.  How¬ 
ever,  a  metal  filament  should  be  used.  The  author  has  found 
that  carbon  filament  bulbs,  recommended  by  De  Vries  ( 1 ),  are 
excessively  difficult  to  outgas.  Although  such  a  gage  is  sensitive 
to  ±0.1%  in  the  range  0.1  to  0.5  mm.,  duplicate  runs  on  water 
vapor  agreed  only  to  1  %,  no  doubt  because  of  residual  air. 
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The  ice  was  contained  in  a  tube  lagged  by  an  oil  jacket  and  im¬ 
mersed  in  an  alcohol  bath  whose  temperature  was  controlled  by  a 
resistance-thermometer  type  of  regulator,  operating  a  pump 
which  circulated  alcohol  from  a  dry-ice  bath.  The  temperature 
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Hill  Book  Co.,  1926. 

(3)  Rittner,  Rev.  Sci.  Instruments,  17,  113  (1946). 


Determination  of  Gold  with  Ascorbic  Acid 

E.  C.  STATHIS  AND  H.  C.  GATOS,  Inorsanic  Chemistry  Laboratory,  Athens  University,  Athens,  Greece 

Heat  the  solution  to  80°  to  90°  C.,  add  10  ml.  of  the  freshly  pre¬ 
pared  ascorbic  acid  reagent,  and  continue  the  heating  for  5  min¬ 
utes.  After  cooling  to  room  temperature,  filter  the  precipitate  by 
a  porcelain  filter  crucible,  wash  with  hydrochloric  acid  solution, 
1  to  99,  and  ignite. 

The  results  are  included  in  Table  I.  The  influence  of  copper 
was  investigated  and  the  results  in  Table  I  prove  that  there  is  no 
interference. 


ASCORBIC  acid  or  vitamin  C  was  isolated  by  Szent-Gyorgyi 
(4)  and  its  synthesis  was  later  effected  by  Reichstein  (2)  and 
Haworth  and  co-workers  ( 1 ).  Haworth  and  Hirst  assigned  the 
accepted  structural  formula  which  includes  the  endiol  group. 
The  reducing  property  of  this  group  is  shown  in  the  reduction  of 
gold  chloride  as  represented  by  the  following  equation : 

2AuClt  +  3C6H806  — >  2Au  +  SCsHeOe  +  6HC1 


The  detailed  investigation  of  this  reaction  in  the  authors’ 
laboratory  (S)  proved  that  ascorbic  acid  could  be  used  for  the 
quantitative  determination  of  gold.  The  present  report  describes 
the  procedure  recommended. 

Reagents  Used.  Hydrochloric  acid,  density  1.19.  Ascorbic 
acid,  strength,  4  grams  per  100  ml.  of  solution.  Gold  solutions, 
prepared  from  pure  gold  as  determined  by  sulfur  dioxide  method. 

Procedure.  Dissolve  0.3  gram  or  less  of  gold  in  aqua  regia 
and  remove  the  nitric  acid,  nitrites,  etc.,  by  three  evaporations 
with  hydrochloric  acid.  Dissolve  the  residue  in  3  to  5  ml.  of  con¬ 
centrated  hydrochloric  acid  and  dilute  to  20  ml.  with  water. 


Table  I.  Determination  of  Gold 


Gold  Added 

Copper  Added 

Gold  Found 

Method 

Gram 

Gram 

Gram 

0.2060 

0.2061 

Gravimetric 

0.1585 

0.1586 

0.0969 

0.0968 

0.0152 

0.0152 

0.2030 

0.1080 

0 . 2032 

0.1215 

0.1208 

0.1217 

0.0949 

0.1930 

0.0948 

0.0578 

0.0281 

0.0580 

0.1403 

0.1401 

Volumetric 

0.1051 

0.1050 

0.0947 

0.0949 

0.0653 

0.0653 

VOLUMETRIC  DETERMINATION 

Gold  may  be  determined  volumetrically  with  ascorbic  acid  by 
adding  excess  reagent  to  the  cold  solution  of  gold  and  subse¬ 
quently  titrating  the  excess  with  iodine.  The  reaction  of  ascorbic 
acid  and  iodine  is  described  by  th  e  following  equation: 

CeHsOe  +  I2  — >  C6H606  +  2HI 

Procedure.  Free  the  gold  solution  from  oxidizing  reagents, 
add  2  to  5  ml.  of  hydrochloric  acid  reagent,  and  dilute  with  water 
to  20  ml.  Add  10  ml.  of  ascorbic  acid  solution  with  constant 
stirring  for  5  minutes,  then  2  ml.  of  starch  solution,  and  titrate 
with  0.1  N  iodine  solution.  Blank  determinations  are  required. 
Some  of  the  results  obtained  are  recorded  in  Table  I. 

CONCLUSION 

Gold  may  be  determined  with  excellent'  accuracy  by  reduction 
of  gold  chloride  with  ascorbic  acid.  Copper  does  not  interfere. 
Gold  can  also  be  determined  volumetrically  with  ascorbic  acid. 
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Preparation  of  Standard  Powders  for  Reference  in 
Particle-Size  Measurement 
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U.  S.  Department  of  Apiculture,  Agricultural  Research  Administration, 

Bureau  of  Entomology  and  Plant  Quarantine,  Beltsville,  Md. 


IX  TESTING  new  methods  and  techniques  of  particle-size 
measurement  and  in  checking  the  performance  of  individual 
units  of  apparatus  for  such  measurement,  it  is  often  desirable  to 
have  one  or  more  standard  powders  as  reference  samples.  The 
ideal  standard  must  be  composed  of  particles  that  possess  such  a 
degree  of  uniformity  of  size  and  regularity  of  shape  as  to  facilitate 
calibration  by  microscopic  measurement. 

The  difficulty  of  obtaining  such  samples  economically  and  in 
generous  quantity  has  been  a  handicap;  usually  each  laboratory 
has  had  to  make  its  own.  Apparatus  and  procedures  for  making 
microscopic  spheres  of  glass  have  been  described,  for  example,  by 
Sklarew  (2),  Sollner  (3),  and  Bloomquist  and  Clark  (1) .  The 
steps  involved  constitute  a  complete  manufacturing  process,  from 
massive  glass  starting  material  (such  as  bottles  or  other  macro¬ 
scopic  objects)  to  finished  and  classified  particles. 

It  has  been  found  in  this  laboratory  that  two  types  of  uniform- 
particle  powders  can  be  prepared  from  inexpensive  commercially 
available  materials,  by  a  small  amount  of  processing  with  common 
laboratory  equipment. 

The  first  type  is  spherical,  and  the  coarser  of  the  two.  The 
glass  beads  used  first  for  coating  projection  screens,  and  later  also 
in  place  of  sand  for  hour  glasses,  contain  a  considerable  percentage 
of  material,  easily  separated  by  sieves,  that  is  close  to  100  microns 
in  diameter.  A  sample  investigated  (obtained  from  Seed  Filter 
Co.,  47  East  Merrick  Road,  Freeport,  N.  Y.)  was  almost  entirely 
(99  to  100%)  between  the  210-  and  74-micron  sieves  by  dry  test. 
The  fraction  between  the  125-  and  105-micron  sieves  (U.  S.  Nos. 
120  and  140,  respectively)  constituted  approximately  13%  of  the 
original  sample.  Most  of  the  particles  are  accurately  spherical, 
as  shown  by  microscopic  examination  on  a  slide  coated  with  grease 
to  prevent  rolling  and  selective  orientation. 

The  few  nonspherical  particles — irregular  fragments,  dumbbell 
forms  made  by  spherical  twins,  etc.— are  removable  by  either  of 
two  treatments.  In  one  method,  similar  to  that  used  by  Sullivan 
and  Hertel  (4),  the  spheres  are  rolled  down  a  vibrating  plane  in¬ 
clined  slightly  to  the  horizontal,  the  nonspherical  particles  being 
sorted  out  through  their  tendency  to  stall  on  the  slope.  More 
than  one  traversal  of  the  plane  may  be  necessary.  A  quicker 
method,  and  one  that  is  thorough  enough  for  the  purpose,  is  to 
pass  the  spheres  through  a  slightly  oversize  sieve  with  little  or  no 
agitation  of  the  sieve.  In  this  way  a  satisfactory  refinement  of 
the  U.  S.  Nos.  120-140  fraction  was  effected  with  the  No.  100 
screen. 

The  second  type  of  powder  is  rod-shaped,  and  finer  than  the 
first.  It  is  made  by  pulverizing  glass  wool.  A  popular  grade  of 
laboratory  wool  is  highly  uniform,  with  a  cross-section  diameter 
around  8  microns.  This  wool  can  be  ground  in  a  laboratory  ham¬ 
mer  mill,  if  the  skeins  are  first  chopped  into  short  pieces  with 
shears  or  a  print  trimmer.  A  single  run  through  the  mill  is  likely 
to  give  insufficient  grinding,  but  quick  microscopic  inspections, 
one  after  each  run,  w'i'll  show  when  to  stop  grinding.  Pebble-mill 
grinding  was  tried  also,  but  without  success;  the  wool  was  always 
either  too  little  affected  or  broken  into  too  short  fragments.  The 
hammer-mill  process,  on  the  other  hand,  gave  a  satisfactory  range 
of  particle  lengths,  mainly  between  30  and  500  microns. 

The  range  of  lengths  need  not  be  very  narrow,  for  two  reasons : 
(1)  In  calculation  of  the  average  diameter,  either  of  a  single 
particle  or  of  a  collection  of  particles,  if  the  highly  important  and 
much  used  surface  mean  is  the  average  that  is  sought,  the  average 
is  less  affected  by  variation  in  the  length  than  by  variation  in 


either  of  the  other  dimensions  of  the  needle.  (With  uniform 
cross-section  diameter  and  variable  length,  the  surface-mean  di¬ 
ameter  is  always  between  1  and  l1/*  times  the  cross-section  di¬ 
ameter.)  (2)  Whatever  type  of  average  is  desired,  it  is  only  in 

the  cross-section  diameter  that  a  high  degree  of  uniformity  is 
really  necessary,  for  the  length  is  the  dimension  most  easily  and 
accurately  measurable  with  the  microscope. 

The  hammer-mill  product  is  likely  to  be  discolored  somewhat 
if  the  interior  parts  of  the  mill  are  of  the  usual  iron  alloys,  but  the 
color,  if  objectionable,  may  be  removed  by  washing  with  dilute 
hydrochloric  acid. 

Final  calibration  of  the  sample,  in  either  type  of  powder,  is  done 
with  a  microscope.  In  the  examples  given,  the  acicular  powder 
will  have  a  surface  mean  particle  diameter  around  11  microns; 
the  spherical  powder  about  ten  times  this  value,  or  110  microns.' 
The  foimer  value  is  a  suitable  magnitude  for  direct  reading  in 
air-permeation  instruments  commonly  used  for  testing  of  subsieve 
powders.  The  coarser  powder  can  be  used  in  the  same  instru¬ 
ments  if  provision  exists  for  loading  several  times  the  normal 
amount  of  sample  into  the  regular  sample  cell,  in  order  to  bring 
the  resistance  of  the  powder  column  within  the  range  normally 
encountered  with  subsieve  materials. 

The  material  costs  are  approximately  the  following:  For  the 
spherical  powder,  $1  per  pound  of  original  beads;  if  only  the  cited 
fraction  is  utilized,  $8  per  pound  of  finished  standard  powder. 
For  the  acicular  powder,  $3  per  pound.  It  is  estimated  that  a 
laboratory  technician  could  prepare  a  pound  of  either  finished 
powder  in  l  to  2  days. 
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Reagent  Chemicals  and  Standards.  Joseph  Rosin.  2nd  edition. 

542  pages.  D.  Van  Nostrand  Co.,  Inc.,  250  Fourth  Ave.,  New 

York,  N.  Y.,  1946.  Price,  87.50.  . 

The  present  revision  of  this  well-known  text  includes  52  reagents 
not  in  the  first  edition.  Among  the  additions  are:  aluminum  oxide 
for  chromatography,  asbestos  (acid  washed),  cholesterol,  dioxane,  o~ 
phenanthroline,  selenium,  silver  iodate,  thiourea,  and  several  of  the 
more  important  amino  acids — arginine,  leucine,  methionine,  trypto¬ 
phane,  etc. 

Methods  of  testing  and  the  limits  for  impurities  have  been  revised 
in  accordance  with  the  newer,  more  accurate  and  precise  procedures 
developed  in  the  past  ten  years. 

All  who  are  interested  in  the  production  and  testing  of  reagent 
chemicals  will  find  the  new  edition  a  necessary  addition  to  their 
working  tools. 

W.  D.  Collins 
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-k-  -P-  Peters,  Louis  Lykken,  and  F.  D.  Tuemmler .  710 

as  Radioactive  C»  of  Long  Life.  F.  C.  Henriques,  Jr.,  and 

Charles  Margnetti .  4^7 

-Fluorine  Compounds,  Hydrogen  Determination  in. '  W.  EL  Pearlson, 

1.  J.  Brice,  and  J.  H.  Simons .  330 

Carbonate  Ores,  Magnesium  Determination  in.'  L.  R.'  Williams.  .  !  1  ’  542 

Carbon  Black,  Small- Angle  X-Ray  Scattering  Measured  for.  M.  H. 

Jellinek,  Ernest  Solomon,  and  I.  Fankuchen .  172 

Carbon  Dioxide  Analysis  by  Precision  Semimicromethod.  L.  K.  Nash  505 
Carbon  Dioxide  Determination  with  Hydrogen  Sulfide  Simultaneously 

in  Continuous  Gas  Stream.  C.  L.  Blohm  and  F.  C.  Riesenfeld .  373 

Carbon  Monoxide  Precision  Semimicroanalysis.  L.  K.  Nash.  505 

Carotene  Determination  with  Kieselguhr  as  Chromatographic  Adsorb! 

ent.  J.  B.  Wilkes .  ^02 

^'Carotene  Determination  in  Sweet  Potatoes  and  Their  Products. 

R.  T.  O'Connor,  D.  C.  Heinzelman,  and  M.  E.  Jefferson.  . .  .  557 

Carotenoid  Determination  in  Dehydrated  Egg.  H.  J.  Dutton  and  B.  G. 

Edwards .  3g 

Cartesian  Diver.  See  Pressure  Apparatus. 

Catalysts,  Adsorption  Vessel  for  Reduction  of.  R.  B.  Anderson .  156 

Catalysts,  Silica-Alumina,  Aluminum  Determination  in.  M.  N.  Hale  568 
Catgut  Sutures,  Chromium  Determination  in,  and  Destruction  of  Or- 

game  Matter  in,  by  Wet  Oxidation.  G.  F.  Smith .  257 

Caustic  Soda,  Manganese  Determination  in.  R.  F.  Moran  and  A  P 

„  McCue .  556 

Cellulose 

Carbohydrate  Test  for  Cellulosic  Resins.  Roman  Dreywood .  499 

Ester  Composition  Determined  by  Equations  and  Nomographs. 

C.  R.  Fordyce,  L.  B.  Genung,  and  M.  A.  Pile .  547 

Plastics,  Color  Grading  of.  R.  H.  Osborn  and  W.  C.  Kenyon .  523 

Cellulose  Acetate  Viscosity  Determination  in  Photographic  Apparatus. 

J.  L.  Riley  and  G.  W.  Seymour .  387 

Cement,  Portland,  Particle  Size  Determination  by  Permeability  Meas¬ 
urements.  W.  F.  Keyes .  33 

Centrifuge,  Particle  Size  Distribution  Determined  by  Sedimentation  in. 

A.  E.  Jacobsen  and  W.  F.  Sullivan .  360 

Cerium  Dioxide,  Active-Oxygen  Determination  in,  and  in  Mixtures  of 
Lanthanum  Sesquioxide  and.  G.  L.  Barthauer  and  D.  W.  Pearce.  .  479 

Chloride  Titration  with  Rotating  Platinum  Electrode.  H.  A.  Laitinen, 

W.  P.  Jennings,  and  T.  D.  Parks . 355,358 

Chlorinated  Hydrocarbons,  Boiling  Range  Determination  of.  Dwight 

Williams .  457 

Chlorine  Determination  in  DDM  (2,2'-bihydroxy-5,5'-dichlorodi- 
phenylmethane) .  D.  M.  Jenkins,  K.  L.  Waters,  and  G.  D.  Beal ...  .  609 

Chloride  Microdetermination  with  Grote  Combustion  Apparatus. 

O.  E.  Sundberg  and  G.  L.  Royer.  .  . .  719 

Chloromaleic  Anhydride  for  Determination  of  Conjugated  Diolefins. 

S.  T.  Putnam,  M.  L.  Moss,  and  R.  T.  Hall .  628 

Chlorophyll  Adsorption  Sequence  in  Tswett  Column.  H.  H.  Strain.  605 
Cholesterol  Determination  with  Antimony  Trichloride  Method.  F.  W. 

Lamb,  Alexander  Mueller,  and  G.  W.  Beach.  (Correction,  301).  .  .  187 

Cholesterol  Determination  in  Egg  White  and  Yolk.  J.  H.  Cook  and 

V.  C.  Mehlenbacher .  785 

Chromate  Dilute  Solutions,  Microtitration  with  Rotating  Platinum 

Electrode.  I.  M.  Kolthoff  and  D.  R.  May .  208 

Chromatography 


for  Amino  Acid  Separation  and  Determination.  M.  S.  Bergdoll  and 

D.  M.  Doty. .  600 

Filter  Aid  of  High-Speed  Type  for.  J.  B.  Wilkes .  329 

Silica  Gel  Preparation  for.  Roberta  Harris  and  A.  N.  Wick .  276 

Chromium 

Determination  in  Catgut  Sutures  by  Wet  Oxidation.  G.  F.  Smith.  257 
Determination  by  Oxidation  with  Per.chloric  Acid.  Sigmund 

Sehuldiner  and  F.  B.  Clardy .  728 

Oxide  Films  on,  Studied  by  Electron  Diffraction  and  Microscope. 


Chromium  Target  X-Radiation.  See  X-Ray. 

Cleaners  for  Metals,  Evaluation  Method  for.  Samuel  Spring,  H.  I. 

Forman,  and  L.  F.  Peale .  201 

Coal,  Carbon,  and  Hydrogen  Determination  in,  by  Millin  Technique. 

R.  J.  Grace  and  A.  W.  Gauger .  563 

Cobalt 

Determination  Colorimetrically  with  Ammonium  Thiocyanate. 

R.  S.  Young  and  A.  J.  Hall . . .  264 

Determination  in  Metallurgical  Products  with  Nitroso  R  Sait. 

R.  S.  Young,  E.  T.  Pinkney,  and  R.  Dick .  474 

Determination  and  Separation  from  Iron  in  High-Cobalt  Products. 

R.  S.  Young  and  A.  J.  Hall .  262 

Extraction  with  Thiocyanate  Complex  before  Microdetermination 

of.  N.  S.  Bayliss  and  R.  W.  Pickering .  446 

Oxide  Films  on,  Studied  by  Electron  Diffraction  and  Microscope. 


Colorimetry 

Method  of  Color  Grading.  R.  H.  Osborn  and  W.  C.  Kenyon .  523 

4'-Nitrophenylazo-l-naphthol  Derivatives,  Indicator  Properties  of. 

K.  H.  Ferber .  631 

Nomographic  Procedure  for  Two-Color  System.  E.  A.  Brown .  493 

Columbium  Determination  in  Iron  Alloys.  K.  W.  Traub .  122 

Columbium,  Oxide  Films  on,  Studied  by  Electron  Diffraction  and  Mi¬ 
croscope.  R.  T.  Phelps,  E.  A.  Gulbransen,  and  J.  W.  Hickman.  .  .  391 

Columns 

for  Adsorption,  of  Tswett,  Sequence  of  Organic  Compounds  in. 

H.  H.  Strain .  605 

for  Distillation,  Glass  Bubble  Plate  Column  of  Oldershaw.  F.  C. 

Collins  and  Vernon  Lantz .  673 

for  Distillation,  Uniform  vs.  Intermittent  Produot  Withdrawal  from. 

D.  M.  Oldroyd  and  L.  A.  Goldblatt .  761 

for  Fractionation,  Head  for.  J.  D.  Bartleson,  A.  L.  Conrad,  and 

P.  S.  Fay . 724 

for  Ion  Exchange,  Semimicro.  Norman  Applezweig .  82 

Microfractionating,  of  Glass  with  Center  Tube.  E.  A.  Naragon 
and  C.  J.  Lewis .  448 


Rectifying,  Acetylene  Determination  in  Liquid  Oxygen  in.  H.  P. 
McKoon  and  H.  D.  Eddy . 
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Combustion  for  Determination  of  Carbon  and  Hydrogen  with  Unitized 
Dual  Apparatus.  D.  D.  Tunnicliff,  E.  D.  Peters,  Louis  Lykken, 

and  F.  D.  Tuemmler .  710 

Condenser,  Reflux,  of  Nonflooding  Type.  W.  T.  Somerville .  278 

Conductometric  Analysis,  Oscillators  of  High  Frequency  for.  F.  W. 

Jensen  and  A.  L.  Parrack .  595 

Control  Charts  for  Analytical  Laboratories.  Grant  Wernimont .  587 

Copper 

Alloys,  Differential  Reduction  of  Iron  and  Tin  in.  A.  C.  Simon, 

P.  S.  Miller,  J.  C.  Edwards,  and  F.  B.  Clardy .  496 

Alloys,  Polarographic  Determination  of  Tin,  Lead,  Nickel,  and  Zinc 

in.  J.  J.  Lingane .  429 

Determination 

in  Cast  Iron  and  Steels  with  Quinaldic  Acid.  J.  F.  Flagg  and 

D.  W.  Vanas .  436 

with  Cupferron.  J.  F.  Corwin  and  H.  V.  Moyer .  302 

in  Cuprous  Oxide-Cupric  Oxide  Mixtures.  Irvin  Baker  and 

R.  S.  Gibbs .  124 

in  Nickel  Plating  Bath  by  Nomographic  Procedure.  E.  A.  Brown  493 
in  Phosphorus  (Red)  by  Photometric  Method.  J.  A.  Brabson, 

O.  A.  Schaeffer,  Anthony  Truchan,  and  LaVerne  Deal .  554 

in  Steel  by  Photometric  Colorimetry.  O.  I.  Milner .  94 

as  Traces  by  All-Dithizone  Method.  S.  L.  Morrison  and  H.  L. 

Paige .  211 

as  Traces  with  Ion-Exchange  Resin,  Especially  in  Powdered  and 

Fluid  Milk.  H.  A.  Cranston  and  J.  B.  Thompson .  323 

Iron  Determination  in  Presence  of  Large  Concentrations  of  Nickel 

and.  R.  H.  Greenburg .  255 

Oxide  Films  on,  Studied  by  Electron  Diffraction  and  Microscope. 

R.  T.  Phelps,  E.  A.  Gulbransen,  and  J.  W.  Hickman .  391 

Copper  Chloride  (CuCl)  Determination.  L.  F.  Hatch  and  R.  R. 

Estes.  (Correction,  793) .  136 

Copper  Oxides.  Metallic  Copper  Determination  in  Mixtures  of  Cu¬ 
prous  and  Cupric  Oxides.  Irvin  Baker  and  R.  S.  Gibbs .  124 

Cotton  Linters,  Color  Grading  Method  for.  R.  H.  Osborn  and  W.  C. 

Kenyon . 523 

Cottonseed  Meal  and  Meats,  Gossypol  Estimation  in.  F.  H.  Smith. 

(Correspondence,  658) . 43 

Cottonseed  Oil,  Crude,  Gossypol  Estimation  in,  by  Spectropho¬ 
tometry.  F.  H.  Smith .  41 

Cotton  Wax  Determination,  Isopropyl  Alcohol  in.  J.  H.  Kettering.  .  275 

Cresols,  Meta-  and  Para-,  Analysis  of  Mixtures  and  Butylated  Products 

of.  D.  R.  Stevens  and  J.  E.  Nickels .  260 

Cresols  and  Phenol-Cresol  Mixtures  Analyzed  by  Ultraviolet  Spectra. 

W.  W.  Robertson,  Nathan  Ginsburg,  and  F.  A.  Matsen .  746 

Cryptostegia,  Hydrocarbon  Determination  of,  by  Gravimetric  Rubber 

Bromide  Method.  C.  O.  Willits,  M.  L.  Swain,  and  C.  L.  Ogg .  439 

Crystallography 

Aldehyde  and  Ketone  Microanalysis  as  2,4-Dinitrophenylhydra- 

zones.  G.  L.  Clark,  W.  I.  Kaye,  and  T.  D.  Parks .  310 

p,p'-DDT  Determination  in  Technical  DDT  by  Microscopy.  Wal¬ 
ter  McCrone,  Annette  Smedal,  and  Victor  Gilpin .  578 

Diffraction  Data  for  Tetragonal  Isomorphs.  L.  K.  Frevel,  H.  W. 

Rinn,  and  H.  C.  Anderson . . .  83 

Organic  Bases  Microidentified  by  Optical  Properties  of  Diliturates. 

B.  T.  Dewey  and  E.  M.  Plein . . .  515 

Organic  Compounds  Identified  by  Chromium  Target  X-Ray  Dif¬ 
fraction  Powder  Patterns.  F.  W.  Matthews  and  J.  H.  Michel]  662 
Cupferron  in  Copper  Determination  by  Conductometric  Titration. 

J.  F.  Corwin  and  H.  V.  Moyer .  302 

Cupric,  Cuprous.  See  Copper. 

Cyanide  Titration  with  Silver  Nitrate,  Using  Rotating  Platinum 

Electrode.  H.  A.  Laitinen,  W.  P  Jennings,  and  T.  D.  Parks .  574 

4-Cyclohexene-l,2-dicarboxylic  Acid  Anhydride  (Tetrahydrophthalic 
Anhydride),  Determination  of  Small  Amounts  of  4-Vinyl-l-cyclo- 

hexene  in.  Benj.  Warshowsky  and  P.  J.  Elving .  276 

Cyclopentadiene  and  Dicyclopentadiene  Determination.  Karl  Uhrig, 

Eleanor  Lynch,  and  H.  C.  Becker .  550 
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DDM  (2,2'-Dihydroxy-5,5'-dichlorodiphenylmethane),  Chlorine  De¬ 
termination  in.  D.  M.  Jenkins,  K.  L.  Waters,  and  G.  D.  Beal .  609 

DDT 

Aerosols  Containing,  Accelerated  Aging  Test  for.  L.  D.  Goodhue 

and  W.  R.  Ballinger .  131 

Determination  of  p,p'  Content 

of  DDT  Dusts  and  Oil  Solutions.  J.  B.  LaClair .  763 

in  Technical  DDT  by  Colorimetric  Micromethod.  S.  W.  Chaikin  272 
in  Technical  DDT  (Correspondence).  I.  E.  Balaban  and  R.  D. 

Calvert;  S.  J.  Cristol,  R.  A.  Hayes,  and  H.  L.  Haller .  339 

in  Technical  DDT  by  Microscopy.  Walter  McCrone,  Annette 

Smedal,  and  Victor  Gilpin .  578 

Infrared  Spectroscopic  Applications  to.  J.  R.  Downing,  W.  V. 

Freed,  I.  F.  Walker,  and  G.  D.  Patterson .  461 

Residue,  Micro  Field  Test  for.  H.  A.  Stiff,  Jr.,  and  J.  C.  Castillo.  .  316 

Dehydrated  Eggs.  See  Eggs. 

7-Dehydrocholesterol  Determination  by  Quantitative  Antimony  Tri¬ 
chloride  Method.  F.  W.  Lamb,  Alexander  Mueller,  and  G.  W. 

Beach.  (Correction,  301) .  187 

Density 

Determinations,  Pycnometer  Holder  for.  R.  E.  Ledley,  Jr .  72 

Gravitometer  for  Determining  Specific  Gravity  of  Liquids.  William 

Seaman  and  J.  J.  Hugonet .  141 

of  Paraffins  and  Naphthenes,  Equation  Relating  Refractive  Index, 

Molecular  Weight,  and.  M.  R.  Lipkin  and  C.  C.  Martin .  380 

Detergents,  Determination  of  Organic  Sulfonate  in.  T.  U.  Marron 

and  Joseph  Schifferli .  49 

Dienes.  Determination  of  Cyclopentadiene  and  Dicyclopentadiene. 

Karl  Uhrig,  Eleanor  Lynch,  and  H.  C.  Becker .  550 

Diffraction  Data  for  Tetragonal  Isomorphs.  L.  K.  Frevel,  H.  W. 

Rinn,  and  H.  C.  Anderson .  83 

Diliturates  (Nitrobarbiturates),  Microidentification  of  Organic  Bases 
by  Means  of  Optical  Properties  of.  B.  T.  Dewey  and  E.  M.  Plein.  515 
Dipentaerythritol  Determination  in  Mixtures  of  Pentaerythritol  and. 

J.  A.  Wyler . .' .  777 

Dispersion  Evaluation  by  Rheological  Method.  F.  K.  Daniei  and 

Pauline  Goldman .  26 

Dispersions,  Particle-Size-Distribution  Micromeasurement  in.  W.  M. 

Dotts . ; .  326 

Distillation 

Apparatus.  Oldershaw  Glass  Bubble  Plate  Columns,  Automatic 
Still  Heads,  and  Accessories.  F.  C.  Collins  and  Vernon  Lantz. . .  673 


Apparatus  for  Pure  Water.  F.  E.  Holmes .  277 

Boiling  Range  Determination  of  Chlorinated  Hydrocarbons. 


of  Butadiene.  Apparatus  for  Flash  Distillation.  A.  P.  Hobbs  and 

M.  R.  Rector .  140 

Columns,  Uniform  V3.  Intermittent  Product  Withdrawal  from. 

D.  M.  Oldroyd  and  L.  A.  Goldblatt .  761 

Constant-Reflux-Ratio  Head  for.  Lloyd  Berg .  54 

Flow  Controller  of  Proportional  Type  for.  W.  R.  Wilkinson  and 

_H.  A.  Beatty . .  .  725 

Kettle  for  Measuring  Small  Residues  in  Low-Temperature  Fraction¬ 
ation.  G.  T.  Hamblen  and  J.  C.  Thorstenberg .  153 

Molecular,  in  Determination  of  Total  and  Gamma-Tocopherols. 

M.  L.  Quaife  and  P.  L.  Harris .  707 

Organic  Compound  Boiling  Points,  Estimation  ot  Effect  of  Pressure 

on.  Carl  Bordenca .  99 

Still  for  Vapor-Liquid  Equilibrium  Determination  of  Miscible  Liq¬ 
uids.  D.  T.  C.  Gillespie .  576 

Trap  for  Determining  Moisture  in  Dry  Materials.  W.  N.  Lindsay.  .  69 

Vacuum  Apparatus  for  Volatile  Solids.  H.  A.  Goldsmith .  77 

under  Vacuum,  at  Low  Temperature.  Microapparatus  for  Milliliter 

Volumes.  W.  M.  Grant .  729 

of  Water.  Automatic  Cutoff  for  Electrically  Heated  Still.  L.  M. 

White  and  G.  E.  Secor .  332 

Dithizone  in  Copper  Trace  Determination.  S.  L.  Morrison  and  H.  L. 

Paige . . 211 

Drugs.  Barbiturate  Determination  from  Postmortem  Specimens. 

Paul  Valov .  456 

Drugs.  Penicillin  Preparations,  Iodometric  Method  for  Assay  of. 

J.  F.  Alicino.  (Correction,  793) .  619 

Dryer  for  Pre-Pilot  Plant  Studies.  D.  A.  Colker .  71 

Dumas  Method.  See  Nitrogen. 
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Dehydrated 

Determination  of  Carotenoids  and  Lipide  Amine-Aldehyde  Prod¬ 
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Determination  of  Vitamin  A  in.  C.  R.  Thompson,  M.  A.  Ewan, 
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Determination  of  Yolk  in  White  of.  J.  H.  Cook  and  V.  C.  Mehlen- 
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Electrodes 

Glass,  for  Alkalinity  Determination  of  Sea  Water.  D.  H.  Anderson 

with  R.  J.  Robinson .  767 

Glass  and  Quinhydrone,  for  pH  Determination  of  Wines.  J.  C.  M. 

Fornachon .  790 

Platinum  Rotating,  for  Amperometric  Titration 

of  Chloride,  Bromide,  and  Iodide.  H.  A.  Laitinen,  W.  P.  Jen- 


of  Chromate  Dilute  Solutions  by  Mieromethod.  I.  M.  Kolthoff 
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of  Cyanide  with  Silver  Nitrate.  H.  A.  Laitinen,  W.  P.  Jennings, 
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Marion .  82 
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Electronic  Relay,  Versatile.  J.  G.  Baier,  Jr.,  and  P.  E.  Millington.  .  .  152 

Electronic  Timer.  J.  K.  Taylor  and  J.  G.  Reid,  Jr .  79 

Electron  Microscope  and  Diffraction  Study  of  Oxide  Films  on  Metals 
and  Alloys.  R.  T.  Phelps,  E.  A.  Gulbransen,  and  J.  W.  Hickman .  391,  640 
Electron  Microscopy,  Powdered  Materials  Prepared  for.  M.  C. 

Schuster  and  E.  F.  Fullam . •. .  653 

Electrophoresis,  Optical  Methods  in.  Application  to  Refractive  Index 

Measurements.  L.  G.  Longsworth .  219 

Electroscope,  Lacritzen,  for  Radioactive  Studies 

Arsenic.  F.  C.  Henriques,  Jr.,  and  Charles  Margnetti .  415 

Carbon.  F.  C.  Henriques',  Jr.,  and  Charles  Margnetti .  417 

Hydrogen.  F.  C.  Henriques,  Jr.,  and  Charles  Margnetti .  420 
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Ethylene  Chlorohydrin  Determination.  Karl  Uhrig .  469 
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Ethylene  Glycol 

Determination  with  1,2-Propylene  Glycol  Simultaneously.  Benj. 

Warshowsky  and  P.  J.  Elving .  253 

Di-  and  Tri-,  as  Manostat  Fluids.  W.  J.  Runckel  and  D.  M.  Old¬ 
royd .  80 

1,2-Propylene  Glycol  Determination  in.  R.  C.  Reinke  and  E.  N. 
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Semimicrodetermination  of  Ethers  and  Esters  of,  by  Alkoxyl  Analy¬ 
sis.  P.  W.  Morgan . 500 

Ethylphosphate,  Tri-,  in  Fractional  Separation  of  Hafnium  and  Zir¬ 
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Moisture  Estimation  in  Solventless  Double-Base  Powders.  John 
Hardy,  W.  D.  Bonner,  Jr.,  and  R.  M.  Noyes .  751 
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Extractor,  Soxhlet,  Combined  with  Vapor  Degreaser.  H.  A.  Sauer.  .  73 

Extractor  Soxhlet,  of  Large  Size.  Ralph  Salkin  and  I.  A.  Kaye .  215 


F 

Fats,  Saponification  Number  Microdetermination  of.  Kalman  Mar- 
cali  and  William  Rieman  III.  (Correspondence,  Donald  Ket- 

chum;  Marcali  and  Rieman,  460) .  144 

Fatty  Acid  Chlorides  of  12  to  18  Carbon  Atoms,  Estimation  of  Yieid  in 

Preparation  of.  R.  R.  Ackley  and  G.  C.  Tesoro .  444 

Fatty  Acids  Determined  in  Dried  Egg  Powders.  Leo  Kline  and  C.  M. 

Johnson . . . 35,  617 

Fatty  Acids  and  Esters,  Colorimetric  Microdetermination  of.  U.  T. 

HiU .  317 

Feeds,  Vitamin  A  Determination  in.  William  Brew  and  M.  B.  Scott  46 
Fibrin.  See  Blood. 

Film  Thickness  Measurement  of  Printing  Inks  and  Paints.  Rolf 

Buchdahl  and  M.  F.  Polglase .  115 

Filter  Aid  for  Chromatographic  Analysis.  J.  B.  Wilkes . '  329 

Filter  of  Glass  with  Ground  Joints.  M.  T.  Bush . .  584 

Filter  Photometer  Calibrated  by  Spectrophotometer.  C.  L.  Comar.  .  626 

Fischer  Reagent.  See  Water. 

Fish  Liver,  Drill  Sampler  for.  F.  B.  Sanford  and  G.  C.  Bucher .  269 

Fish  Liver  Oils,  Spectrophotometric  Changes  during  Oxidation  of. 

G.  R.  Halpern .  621 

Flame  Photometer,  Solution  Intake  Unit  for.  A.  T.  Myers .  585 

Flame  Photometry,  Improved  Method  of.  J.  W.  Berry,  D.  G.  Chap¬ 
pell,  and  R.  B.  Barnes . 19 

Flow  Controller  of  Proportional  Type  for  Liquids.  W.  R.  Wilkinson 

and  H.  A.  Beatty .  725 

Fluorine-Carbon  Compounds,  Hydrogen  Determination  in.  W.  H. 

Pearlson,  T.  J.  Brice,  and  J.  H.  Simons .  330 

Fluorometric  Attachment  for  Beckman  Spectrophotometer.  M.  H. 

Fletcher,  C.  E.  White,  and  M.  S.  Sheftel .  204 

Food 

Gas  Determination  in  Vacuum-Packed  Food  Containers.  L.  C. 

Cartwright .  779 

Nickel  Microdetermination  in,  by  Spectrophotometric  Method. 

O.  R.  Alexander,  E.  M.  Godar,  and  N.  J.  Linde .  203 

Tin  Determination  in.  E.  M.  Godar  and  O.  R.  Alexander .  681 

(See  also  individual  food) 

Formaldehyde— Sulfuric  Acid  Reagent  for  Determination  of  Aromatics 
in  Aqueous  Solutions.  H.  E.  Morris,  R.  B.  Stiles,  and  W.  H.  Lane.  249 
Fractionation 

Columns,  Head  for.  J.  D.  Bartleson,  A.  L.  Conrad,  and  P.  S.  Fay.  724 
Microcolumn  of  Glass  with  Center  Tube.  E.  A.  Naragon  and  C.  J. 

Lewis .  44g 

(See  also  Distillation) 

P-Fuchsin  (Pararosaniline  Hydrochloride)  in  Microdetection  of  Palla¬ 
dium.  P.  W.  West  and  E.  S.  Amis .  400 

Fungi,  Tropical  Testing  Chamber  for  Growth  of.  T.  F.  Cooke  and 

R.  E.  Vicklund .  59 

Fungicides.  DDM,  Chlorine  Determination  in.  D.  M.  jeakins, 

K.  L.  Waters,  and  G.  D.  Beal .  609 

Fungicides,  Phenolic,  Determined  Quantitatively.  Sidney  Gottlieb 

and  P.  B.  Marsh .  16 

Furfural  Determination  in  Water-Furfural  Solutions.  John  Griswold, 

M.  E.  Klecka,  and  R.  V.  0.  West,  Jr .  696 


G 


Gage  for  Solution  Preparation.  O.  R.  Mitchell .  80 

Gallotannin.  See  Tannic  Acid. 

Gases 

Absorption  Apparatus.  A.  N.  Bolstad  and  R.  E.  Dunbar .  337 

Analysis,  Aqueous  Alcohol  Solutions  as  Confining  Liquids  for. 

K.  A.  Kobe  and  G.  E.  Mason. .  78 

Analysis  by  Precision  Semimicromethod.  L.  K.  Nash .  505 

Commercial,  Sulfur  Compounds  Identified  in.  C.  S.  Oldach  and 

Edmund  Field .  669 

Determination  in  Food  Containers  Packed  under  Vacuum.  L.  C. 

Cartwright .  779 

Hydrocarbon  Feed  Stocks,  Nitrogen  Determination  in.  Leon  Donn 

and  Harry  Levin . 593 

Hydrocarbon  Mixtures,  Determination  of  Extinction  Corrections  in 

Infrared  Analysis  of.  J.  H.  Lee .  659 

Hydrocarbons,  Adsorption  Apparatus  without  Stopcocks  for. 

C.  B.  Wendell,  Jr .  454 

Hydrogen  Sulfide  Determination  in.  Edmund  Field  and  C.  S. 

Oldach .  665 

Natural,  Hydrogen  Sulfide  and  Carbon  Dioxide  Determined  Simul¬ 
taneously  in  Continuous  Stream  of.  C.  L.  Blohm  and  F.  C. 

Riesenfeld .  373 

Oxygen  Estimation  in  Inert  Atmospheres.  E.  H.  Winslow  and 

H.  A.  Liebhafsky .  565 

Photometer,  Ultraviolet  Automatic-Recording,  for  Detection  of. 

I.  M.  Klotz  and  Malcolm  Dole .  741 

Reducing,  Determination  of  Rates  of  Deoxidation  of  Iron  Oxide 

Materials  in.  E.  P.  Barrett  and  C.  E.  Wood .  285 

Volumetric  Analyzers,  Manometric  System  for.  A.  R.  Anderson  .  70 

Gasoline 

Aviation,  Picric  Acid  Method  for  Determination  of  Aromatics  in. 

C.  M.  Gambrill  and  J.  B.  Martin .  689 

Olefinic  Unsaturation  Determined  by  Nitrogen  Tetroxide  Method 

in  Hydrocarbons  Boiling  in  Range  of.  G.  R.  Bond,  Jr .  692 

Sulfur  Detection  in,  as  Element.  G.  E.  Mapstone .  498 

Tetraethyllead  Determination  in,  by  X-Ray  Absorption.  M.  V. 

Sullivan  and  Herbert  Friedman .  304 

Geiger  Counter  Compared  with  Lauritzen  Electroscope  for  Measure¬ 
ment  of  Radioactive  Sulfur.  F.  C.  Henriques,  Jr.,  G.  B.  Kistiakow- 

sky,  Charles  Margnetti,  and  W.  G.  Schneider .  349 

Geiger  Counter  for  Measuring  Small-Angle  X-Ray  Scattering.  M.  H. 

Jellinek,  Ernest  Solomon,  and  I.  Fankuchen .  172 

Gel,  Silica,  for  Chromatography.  Roberta  Harris  and  A.  N.  Wick. .  !  276 

Glass 

Boric  Oxide  Determination  in.  Max  Hollander  and  William  Rieman 

III; .  788 

Cleaning  Laboraton'  Glassware:  D.  L.  Harris  and  H.  K.  Mitchell.  .  586 

Electrode  for  Alkalinity  Determination  of  Sea  Water.  D.  H.  Ander¬ 
son  with  R.  J.  Robinson .  767 

Electrode  for  Wine  pH  Values.  J.  C.  M.  Fornaehon.  790 


Filters  with  Ground  Joints.  M.  T.  Bush _ 

Microfractionating  Column  with  Center  Tube.  E.'  A.  Naragon  and 

C.  J.  Lewis . 

Soxhlet  Extractor  and  Vapor  Degreaser.  H.  A.  Sauer. . . 

Glue.  See  Adhesive. 

Glycerol  Dichlorohydrin,  Activated,  as  Colorimetric  Reagent  for  Vita- 

min  A.  A.  E.  Sobel  and  Harold  Werbin . 

Glycolic  Media  for  Titration  of  Salts  of  Weak  Acids’.  S.  R.Paiit 
Gold  Determination  with  Ascorbic  Acid.  E.  C.  Stathis  and  H  C 
Gatos . 

Gossypol  Estimation  in  Cottonseed  Meai  and  Meats.  F.  H  ’  Smith 

(Correspondence,  658) . 

Gossjgol  Estimation  in  Crude  Cottonseed  Oil  by  Spectrophotometry’. 

r  .  id.  bmjth . 

Gramicidin,  Nitrogen  Micro- Kjeldahl  Determination  in.  L.  M.  White 

and  G.  E.  Secor . 

Gravi  tometer.  Hydrostatic,  for  Determining  Specific  Gravity  of 

Liquids,  william  Seaman  and  J.  J.  Hugonet . 

Grease.  See  Lubricant. 

Guayule 

Hydrocarbon  Determination  of,  by  Gravimetric  Rubber  Bromide 

Method.  C.  O.  Willits,  M.  L.  Swain,  and  C.  L.  Ogg . 

Latex  Dispersions,  Microestimation  of  Rubber  in.  R  T  Whitten- 

berger  and  B.  A.  Brice . 

Semimicrodetermination  of  Nitrogen,  Phosphorus,  Potassium,  Cal¬ 
cium,  and  Magnesium  in.  O.  J.  Kelley,  A.  S.  Hunter,  and  A  J 

Sterges . 

Gutzeit  Method.  See  Arsenic. 


584 

448 

73 

570 

246 

801 

48 

41 

45T 

141 

439 

209 

319 


H 

Hafnium  Separation  from  Zirconium  with  Triethylphosphate.  H.  H. 

Willard  and  Harry  Freund .  495 

Halide  Titration  with  Rotating  Platinum  Electrode.  H.  A.  Laitinen 

W.  P.  Jennings,  and  T.  D.  Parks . 355,358 

Halogen  Microdetermination  with  Grote  Combustion  Apparatus 

O.  E.  Sundberg  and  G.  L.  Royer .  ■  749 

Hexamethylenetetramine  in  Titanium  and  Columbium  Separations’ 

K.  W.  Traub .  422 

Hot  Stage  for  Microscopic  Observations  between  Room  Temperature 

and  350  C.  M.  J.  Void  and  T.  M.  Doscher .  454 

Hydrocarbons 

Chlorinated,  Boiling  Range  Determination  of.  Dwight  Williams.  157 
Conjugated  Diolefins  Determined  in  Mixtures  of,  with  Chloro- 
maleic  Anhydride.  S.  T.  Putnam,  M.  L.  Moss,  and  R.  T.  Hall  628 
Density,  Refractive  Index,  and  Molecular  Weight  Relation  for  Par¬ 
affins  and  Naphthenes.  M.  R.  Lipkin  and  C.  C.  Martin .  380 

Determination  of  Aromatics,  Naphthenes,  and  Paraffins  by  Refrac- 
tometric  Methods.  R.  M.  Gooding,  N.  G.  Adams,  and  H.  T.  Rail  2 
Distillation  Apparatus  Evaluated  for.  Oldershaw  Glass  Bubble 
Plate  Columns,  Automatic  Still  Heads,  and  Accessories.  F.  C. 

Collins  and  Vernon  Lantz .  673 

Gaseous  Mixtures,  Determination  of  Extinction  Corrections  in  In¬ 
frared  Analysis  of.  J.  H.  Lee .  659 

Gases,  Adsorption  Apparatus  without  Stopcocks  for.  C.  B.  Wen¬ 
dell,  Jr .  454 

of  Gasoline  Range,  Nitrogen  Tetroxide  Method  for  Determining  Ole¬ 
finic  Unsaturation  in.  G.  R.  Bond,  Jr .  692 

Low-Boiling,  Preparation  of  Synthetic  Samples  of.  R.  H.  Busey, 

G.  L.  Barthauer,  and  A.  V.  Metier . .  407 

Mixtures  Analyzed  by  Raman  Spectra.  E.  J.  Rosenbaum,  C.  C. 

Martin,  and  J.  L.  Lauer .  734 

Mixtures,  Colorimetric  Determination  of  Phenols  in.  Louis  Lykken, 

t  R.  S.  Treseder,  and  Victor  Zahn . ' .  403 

Naphthene  Ring  Analysis  in  Paraffin-Naphthene  Mixtures.  M.  R. 

Lipkin,  C.  C.  Martin,  and  S.  S.  Kurtz,  Jr .  376 

Nitrogen  Determination  in  Feed  Stocks.  Leon  Donn  and  Harry 

Levin .  393 

Pure,  and  Petroleum  Fractions,  Calculation  of  Specific  Dispersion  of. 

M.  R.  Lipkin  and  C.  C.  Martin.  (Correction,  657) .  433 

Pure,  Viscosities  of.  J.  M.  Geist  and  M.  R.  Cannon.  (Correction, 

793) .  ell 

of  Rubber,  Determined  by  Gravimetric  Rubber  Bromide  Method. 

C.  O.  Willits,  M.  L.  Swain,  and  C.  L.  Ogg .  439 

Terpenes,  Color  Grading  of.  R.  H.  Osborn  and  W.  C.  Kenyon.  .  .  !  523 

(See  also  Petroleum  and  individual  hydrocarbon ) 

Hydrogen  Determination 

in  Coal  by  Millin  Technique.  R.  J.  Grace  and  A.  W.  Gauger .  563 

by  Combustion  in  Unitized  Dual  Apparatus.  D.  D.  Tunnicliff, 

E.  D.  Peters,  Louis  Lykken,  and  F.  D.  Tuemmler .  710 

in  Highly  Fluorinated  Carbon  Compounds.  W.  H.  Pearlson,  T.  J. 

Brice,  and  J.  H.  Simons .  330 

by  Precision  Semimicromethod.  L.  K.  Nash .  505 

as  Radioactive  H3  (Tritium).  F.  C.  Henriques,  Jr.,  and  Charles 

Margnetti .  420 

Hydrogenation,  Catalytic,  Microapparatus  for  (Correspondence). 

C.  R.  Noller .  730 

Hydrogen  Ion  Concentration.  Equipment  for  Multiple  pH  Determi¬ 
nations.  M.  D.  Reeves .  336 

Hydrogen  Ion  Concentration.  Vessel  for  Maintaining  pH  during  So¬ 
dium  Amalgam  Reductions.  Nathan  Sperber  and  D.  R.  Briggs. ...  74 

Hydrogen  Sulfide 

Determination  with  Carbon  Dioxide  Simultaneously  in  Continuous 

Gas  Stream.  C.  L.  Blohm  and  F.  C.  Riesenfeld .  373 

Determination  in  Gases.  Edmund  Field  and  C.  S.  Oldach .  665 

Organic  Sulfur  Conversion  to,  for  Analysis.  Edmund  Field  and  C.  S. 

Oldach .  668 

Hydroperoxide.  See  Peroxide. 

Hydroquinone  Assay.  I.  M.  Kolthoff  and  T.  S.  Lee .  452 


I 


Indicator  Properties  of  Derivatives  of  4'-Nitrophenylazo-l-naphthol. 

K.  H.  Ferber .  631 

Infrared.  See  Spectrometry. 

Ink  for  Printing,  Coverage  and  Film  Thickness  Measurement  of. 

Rolf  Buchdahl  and  M.  F.  Polglase .  115 

Ink  for  Printing.  Equations  of  Thixotropic  Breakdown  for  Rotational 

Viscometer.  Henry  Green  and  R.  N.  Weltmann .  167 

Insecticide.  Thanite,  Color  Grading  Method  for.  R.  H.  Osborn  and 

W.  C.  Kenyon .  523 

( See  also  DDT) 
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odide  Titration  with  Rotating  Platinum  Electrode.  H.  A.  Laitinen, 

W.  P.  Jennings,  and  T.  D.  Parks . . 355,358 

Iodine  Microdetermination  with  Grote  Combustion  Apparatus.  O.  E. 


Sundberg  and  G.  L.  Royer. . . .  719 

iodine  Number  Determination,  Anomalous  Behavior  of  Methyl 
12-Hydroxy-9,10-octadecenoates  in.  P.  S.  Skell  and  S.  B.  Radlove  67 
Iodine-Starch  Color  Estimation.  S.  A.  Watson  and  R.  L.  Whistler.  .  .  75 

ion-Exchange  Column,  Semimicro.  Norman  Applezweig .  82 

ion-Exchange  Resin  in  Determination  of  Traces  of  Copper,  Especially 
in  Powdered  and  Fluid  Milk.  H.  A.  Cranston  and  J.  B.  Thompson  323 
!eon 

Alloys,  Hexamethylenetetramine  in  Separations  of  Titanium  and 

Columbium  from.  K.  W.  Traub . . .  122 

Cast,  Copper  Determination  in,  with  Quinaldic  Acid.  J.  F.  Flagg 

and  D.  W.  Vanas .  436 

Determination 

in  Aluminum  Alloys  Photometrically.  M.  S.  Pepi .  Ill 

in  Blood  by  Wet  Oxidation.  G.  F.  Smith .  257 

Colorimetrically  in  Presence  of  Large  Concentrations  of  Copper 

and  Nickel.  R.  H.  Greenburg.... .  255 

in  Phosphorus  (Red)  by  Photometric  Method.  J.  A.  Brabson, 

O.  A.  Schaeffer,  Anthony  Truchan,  and  LaVerne  Deal .  554 

with  Sulfosalicylic  Acid.  J.  F.  Corwin  and  H.  V.  Moyer .  302 

Differential  Reduction  of  Tin  and.  A.  C.  Simon,  P.  S.  Miller,  J.  C. 

Edwards,  and  F.  B.  Clardy . .  496 

Oxide  Films  on,  Studied  by  Electron  Diffraction  and  Microscope. 


Separation  from  Cobalt  in  High-Cobalt  Products  by  Phosphate. 

R.  S.  Young  and  A.  J.  Hall . . : .  262 

Iron  Oxide  Ores.  Deoxidation  Rates  Determined  in  Reducing  Gases. 

E.  P.  Barrett  ahd  C.  E-.  Wood. .  285 

fsomorphs,  Tetragonal,  Diffraction  Data  for.  L.  K.  Frevel,  H.  W. 
i  Rinn,  and  H.  C.  Anderson . . . . .  83 


Isopropanol  in  Cotton  Wax  Determination.  J.  H.  Kettering .  275 


K 


Ketone  Microidentification  by  X-Ray  and  Crystallography  as  2,4-Di- 
nitrophenylhydrazones.  G.  L.  Clark,  W.  I.  Kaye,  and  T.  D.  Parks 
(Kettle  for  Measuring  Small  Residues  in  Low-Temperature  Distillation. 

I  G.  T.  Hamblen  and  J.  C.  Thorstenberg. . . . 

Kieselguhr  as  Chromatographic  Adsorbent  in  Carotene  Determination. 

I  J.  B.  Wilkes . . . 

(Kjeldahl  Method.  See  Nitrogen. 

Kok-saghyz,  Determination  of  Hydrocarbon  in,  by  Gravimetric  Rub¬ 
ber  Bromide  Method.  C.  O.  Willits,  M.  L.  Swain,  and  C.  L.  Ogg. 


310 

153 

702 
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Lanthanum  Sesquioxide-Cerium  Dioxide  Mixtures,  Determination  of 

Active  Oxygen  in.  G.  L.  Barthauer  and  D.  W.  Pearce . 

Lauritzen  Electroscope.  See  Electroscope. 

Lauroyl  Chloride,  Estimation  of  Yield  in  Preparation  of.  R.  R.  Ack¬ 
ley  and  G.  C.  Tesoro . . 

Lead  Determination  in  Copper  Alloys  by  Polarography.  J.  J.  Lingane 

Lead  Soap  Reaction  with  Sodium  Iodide.  R.  S.  Barnett. . 

Lime  Determination  in  Magnesite  and  Fused  Magnesia.  W.  M. 

Hazel  and  W.  K.  Eglof . 

Limestone  Particle  Size  Determination  by  Permeability  Measurements. 

W.  F.  Keyes . . . 

Lipide  Amine- Aldehyde  Products  Determined  in  Dehydrated  Egg. 

H.  J.  Dutton  and  B.  G.  Edwards . 

Liquids  . 

;  Flow  Controller  of  Proportional  Type  for.  W.  R.  Wilkinson  and 

H.  A.  Beatty . . 

Miscible,  Vapor-Liquid  Equilibrium  Still  for.  D.  T.  C.  Gillespie 
i  Specific  Gravity  Determination  in  Hydrostatic  Gravitometer. 

William  Seaman  and  J.  J.  Hugonet . 

Liver,  Vitamin  A  Determination  in.  W.  D.  Gallup  and  J.  A.  Hoefer 
( See  also  Fish  Liver) 

Lubricant.  Grease-Decomposition  Testing  Device.  R.  W.  Tarara 

Lubricant  Reservoir  for  Stirrer  Shaft.  J.  H.  Robson .  . 

Lysine  Determination  and  Separation  from*  Other  Amino  Acids. 
M.  S.  Bergdoll  and  D.  M.  Doty . 
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Magnesia,  Fused,  and  Magnesite,  Calcium  Determination  in.  W.  M. 

Hazel  and  W.  K.  Eglof. . .  759 

Magnesite.  See  'preceding  item. 

Magnesium 

Determination 

in  Aluminum  Alloys.  H.  C.  Deterding  and  R.  G.  Taylor .  127 

in  Carbonate  Ores  Volumetrically.  L.  R.  Williams .  542 

as  Magnesium  Ammonium  Phosphate  Hexahydrate.  R.  F. 

Uncles  and  G.  B.  L.  Smith. . . .  . .  699 

in  Plant  Tissue  by  Wet-Digestion  Semimicromethod.  O.  J.  Kel¬ 
ley,  A.  S.  Hunter,  and  A.  J.  Sterges . .  319 

Separation  from  Calcium  by  Oxalate  Method.  E.  R.  Wright  and 

R.  H.  Delaune . . . .  426 

Magnesium  Ammonium  Phosphate  Hexahydrate,  Solubility  of. 

R.  F.  Uncles  and  G.  B.  L.  Smith .  699 

Manganese  Determination  in  Caustic  Soda.  R.  F.  Moran  and  A.  P. 

McCue . . ... . . .  556 

Manganese  Determination  by  Potentiometric  Titration.  J.  J.  Lingane 

and  Robert  Karplus .  191 

Manganese  Bronze.  See  Bronze. 

Manganous  Hydroxide  for  Oxygen  Estimation  in  Inert  Atmospheres. 

E.  H.  Winslow  and  H.  A.  Liebhafsky .  565 

Manometry.  See  Pressure. 

Menthol  Determination  in  Peppermint  Oil.  J  S.  Jones  and  S.  C. 

Fang . ; .  130 

Mercaptans 

Alkyl  Disulfide  Determination  in  Absence  and  Presence  of.  I.  M. 
Kolthoff,  D.  R.  May,  Perry  Morgan,  H.  A.  Laitinen,  and  A.  S. 

O’Brien . . .  •  442 

Primary,  Molecular  Weight  and  Mercaptan  Determined  for  Mix¬ 
tures  of.  H.  A.  Laitinen,  A.  S.  O’Brien,  and  J.  8.  Nelson .  471 

Titration  with  Silver  Nitrate,  Using  Rotating  Platinum  Electrode. 

I.  M.  Kolthoff  and  W.  E.  Harris . .  161 


Mercury  Cleaning  Apparatus  for  Continuous  Operation.  F.  E.  Holmes  451 
Mercury  Microdetermination  in  Biological  Material.  Jacob  Cholak 

and  D.  M.  Hubbard . . .  149 

Metallurgical  Products,  Cobalt  Determination  in,  with  Nitroso  R 

Salt.  R.  S.  Young,  E.  T.  Pinkney,  and  R.  Dick .  474 

Metals 

Cleaners,  Alkaline,  Evaluation  Method  for.  Samuel  Spring,  H.  I. 

Forman,  and  L.  F.  Peale . .  201 

Oxide  Films  on,  Studied  by  Electron  Diffraction  and  Microscope. 

R.  T.  Phelps,  E.  A.  Gulbransen,  and  J.  W.  Hickman.  .  . 391,  640 

Polarographic  Analysis.  Tin,  Lead,  Nickel,  and  Zinc  in  Copper 

Alloys.  J.  J.  Lingane . :•••-. .  429 

Metaphosphoric  Acids.  See  Phosphoric  Acids. 

Methane  Analysis  by  Precision  Semimicr'omethod.  L.  K.  Nash .  505 

Methyl  Chloride  Microdetermination  in  Air.  J.  L.  Franklin,  E.  L. 

Gunn,  and  R.  L.  Martin . . . . .  314 

Methylcyclohexane-Toluene-Aniline  Ternary  Mixture  Analysis.  C.  S. 

Carlson,  A.  E.  Schubert,  and  M.  R.  Fenske.  . . .  109 

2,2'-Methylenebis[4-chlorophenoll  Determination  as  Mildew  Preven¬ 
tive.  Sidney  Gottlieb  and  P.  B.  Marsh .  16 

Microscopy 

Electron,  Powdered  Materials  Prepared  for.  M.  C.  Schuster  and 

E.  F.  Fullam . .  653 

Hot  Stage  for  Microscopic  Observations  between  Room  Temperature 

and  350°  C.  M.  J.  Void  and  T.  M.  Doscher . .  154 

Oxide  Films  on  Metals  and  Alloys  Studied  by  Electron  Microscope. 

R.  T.  Phelps,  E.  A.  Gulbransen,  and  J.  W.  Hickman . 391,  640 

Mildew  Proofing  Agents.  See  Fungicides. 

Milk,  Powdered  and  Fluid,  Determination  of  Traces  of  Copper  in, 

with  Ion-Exchange  Resin.  H.  A.  Cranston  and  J.  B.  Thompson.  . .  323 

Millin  Technique.  See  Coal. 

Minerals,  Aluminum  Determination  in,  by  Fluorometric  Method.  Al¬ 
fred  Weissler  and  C.  E.  White .  530 

Moisture.  See  Water. 

Molecular  Distillation.  See  Distillation. 

Molecular  Weight  Distribution  Data  on  High  Polymers.  R.  F.  Boyer  342 
Molecular  Weight  of  Paraffins  and  Naphthenes,  Equation  Relating 

Density,  Refractive  Index,  and.  M.  R.  Lipkin  and  C.  C.  Martin.  .  380 

Molybdenum,  Oxide  Films  on.  Studied  by  Electron  Diffraction  and 

Microscope.  R.  T.  Phelps,  E.  A.  Gulbransen,  and  J.  W.  Hickman  391 
Mustard  Gas  (/S.^'-Dichloroethyl  Sulfide)  Microtitration  by  Iodometric 

Method.  V.  E.  Kinsey  and  W.  M.  Grant . . ;  .  794 


N 

Naphthalene  Estimation  in  Absorbing  Oil.  P.  E.  Reichardt  and  D.  L. 

White .  286 

^ aphthenes 

Density,  Refractive  Index,  and  Molecular  Weight  Relation  for  Paraf¬ 
fins  and.  M.  R.  Lipkin  and  C.  C.  Martin . . .  380 

Determination  by  Refractometric  Methods.  R.  M.  Gooding,  N.  G. 

Adams,  and  H.  T.  Rail .  2 

Ring  Naphthene  Analysis  in  Mixtures  of  Paraffins  and.  M.  R. 

Lipkin,  C.  C.  Martin,  and  S.  S.  Kurtz,  Jr . . . .  .  376 

1-Naphthol,  4'-Nitrophenylazo-  Derivatives  of,  Indicator  Properties 

of.  K.  H.  Ferber .  631 

Natural  Gas.  See  Gases. 

Nickel 

Determination 

in  Bronze  Colorimetrically.  G.  Haim  and  B.  Tarrant .  51 

in  Copper  Alloys  by  Polarography.  J.  J.  Lingane .  429 

by  Microspectrophotometric  Method.  O.  R.  Alexander,  E.  M. 

Godar,  and  N.  J.  Linde . 206 

Iron  Determination  in  Presence  of  Large  Concentrations  of  Copper 

and.  R.  H.  Greenburg . 255 

Oxide  Films  on,  Studied  by  Electron  Diffraction  and  Microscope. 

R.  T.  Phelps,  E.  A.  Gulbransen,  and  J.  W.  Hickman. . 391,  640 

Plating  Bath,  Copper  Determination  in,  by  Nomographic  Procedure. 

E.  A.  Brown . .  .  .  . . : . .  493 

Nicotine  Microdetermination  in  Air.  W.  E.  McCormick  and  Maxine 

Smith . 508 

Nitrite  Determination.  B.  F.  Rider  with  M.  G.  Mellon .  96 

Nitrogen  Determination 
by  Dumas  Micromethod 

Gas  Bubble  Releaser  for  Azotometers.  Renato  Pomatti .  63 

Improvements  in  Apparatus  for.  Ervin  Stehr . . .  513 

in  Hydrocarbon  Feed  Stocks.  Leon  Donn  and  Harry  Levin .  593 

by  Kjeldahl  Method 

Ammonia-Trapping  Apparatus.  T.  J.  Potts . .  . . .  •  78 

Elimination  of  Distillation  in.  Kalman  Marcali  and  William  Rie- 

man  III . . . .  •  •  •  ■  •  709 

in  Gramicidin  and  Tryptophan  by  Micro  Procedure.  L.  M. 

White  and  G.  E.  Secor .  457 

Semimicro  Procedure.  J.  O.  Cole  and  C.  R.  Parks .  61 

in  Plant  Tissue  by  Semimicro  Wet  Digestion.  O.  J.  Kelley,  A.  S. 

Hunter,  and  A.  J.  Sterges .  319 

by  Precision  Semimicromethod.  L.  K.  Nash . .  505 

in  Refractory  Metal  Carbides.  J.  C.  Redmond,  Leona  Gerst,  and 

W.  O.  Touhey . .  .  •  • . . . 24 

Nitrogen  Tetroxide  in  Determination  of  Olefinic  Unsaturation  in  Hy¬ 
drocarbons  of  Gasoline  Range.  G.  R.  Bond,  Jr . .  692 

4'-Nitrophenylazo-l-naphthol  Derivatives,  Indicator  Properties  of. 

K.  H.  Ferber . .  . . ••••;••  631 

Nitrophenylhydrazones,  2,4-Di-,  Separated  by  Chromatographic  Ad¬ 
sorption.  J.  D.  Roberts  and  Charlotte  Green . •  •  ■  •  •  335 

Nitrophenylhydrazones,  2,4-Di-,  X-Ray  Microidentification  and  Crys¬ 
tallography  of  Aldehydes  and  Ketones  as.  G.  L.  Clark,  W.  I.  Kaye, 

and  T.  D.  Parks . 310 

Nitroso  R  Salt  for  Cobalt  Determination  in  Metallurgical  Products. 

R$6.  Young,  E.  T.  Pinkney,  and  R.  Dick .  474 

Nomograph  for  Cellulose  Ester  Composition.  C.  R.  Fordyce,  L.  B. 

Genung,  and  M.  A.  Pile . .  •  547 

Nomograph  for  Two-Component  Colored  System.  Copper  in  Nickel 
Plating  Bath.  E.  A.  Brown . * .  493 


o 

9,10-Octadecenoates,  Methyl  12-Hydroxy-,  Anomalous  Behavior  in 

Iodine  Number  Determinations.  P.  S.  Skell  and  S.  B.  Radlove.  .  .  67 

Oils  .  . 

Cottonseed,  Crude,  Spectrophotometrio  Estimation  of  Gossypol  in. 

F.  H.  Smith .  41 
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Fish  Liver,  Spectrophotometric  Changes  during  Oxidation  of  Vita¬ 


min  A  in.  G.  R.  Halpern .  621 

Peppermint,  Menthol  Determination  in.  J  S.  Jones  and  S.  C.  Fang  130 
Saponification  Number  Microdetermination  of.  Kalman  Marcali 
and  William  Rieman  III.  (Correspondence,  Donald  Ketchum; 

Marcali  and  Riemann,  460) .  144 

Vegetable,  Extraction  by  Continuous  Method.  A.  C.  Beckel,  P.  A. 

Belter,  and  A.  K.  Smith . .  56 

(See  also  Petroleum) 

Olefin.  Conjugated  Diolefin  Determination  with  Chloromaleic  An¬ 
hydride.  S.  T.  Putnam,  M.  L.  Moss,  and  R.  T.  Hall .  628 

Olefin  Unsaturation  Determined  in  Hydrocarbons  of  Gasoline  Range 

by  Nitrogen  Tetroxide  Method.  G.  R.  Bond,  Jr .  692 

Optical  Methods  in  Electrophoresis.  Application  to  Refractive  Index 

Measurements.  L.  G.  Longsworth .  219 

Ores 

Beryllium  Determination  in,  by  Fluorometric  Method.  M.  H. 

Fletcher,  C.  E.  White,  and  M.  S.  Sheftel .  179 

Carbonate,  Magnesium  Determination  in.  L.  R.  Williams .  542 

Cobalt  Determination  in,  with  Nitroso  R  Salt.  R.  S.  Young,  E.  T. 

Pinkney,  and  R.  Dick .  474 

of  Iron  Oxide.  Deoxidation  Rates  Determined  in  Reducing  Gases. 

E.  P.  Barrett  and  C.  E.  Wood .  285 

Organic  Compounds 

Adsorption  Sequence  in  Tswett  Column.  H.  H.  Strain .  605 

Bases  Microidentified  by  Optical  Prbperties  of  Diliturates  (Nitro- 

barbiturates).  B.  T.  Dewey  and  E.  M.  Plein .  515 

Boiling  Points,  Estimation  of  Effect  of  Pressure  on.  Carl  Bordenca  99 
Conversion  of  Organic  Sulfur  to  Hydrogen  Sulfide  for  Analysis. 

Edmund  Field  and  C.  S.  Oldach .  668 

Identification  by  Chromium  Target  X-Radiation.  F.  W.  Matthews 

and  J.  H.  Michell . 662 

Liquids,  Boron  Trifluoride  Determination  in.  S.  L.  Walters  and 

R.  R.  Miller .  658 

Microanalysis  with  S-Benzylthiuronium  Chloride  as  Standard. 

C.  L.  Ogg  and  C.  O.  Willits . 334 

Peroxides,  Iodometric  Method  for  Analysis  of.  Kenzie  Nozaki.  .  .  583 

Selenium  Determination  in.  J.  D.  McCullough,  T.  W.  Campbell, 

and  N.  J.  Krilanovich .  638 

Solvents,  Colorimetric  Determination  of  Phenols  in.  Louis  Lykken, 

R.  S.  Treseder,  and  Victor  Zahn .  103 

Solvents,  Peroxide  Removal  from.  Waldemar  Dasler  and  C.  D. 

Bauer .  52 

Weak  Acid  Salts  Estimated  by  Titration  in  Mixed  Solvent.  S.  R. 

Palit .  246 

Oscillators  of  High  Frequency  in  Titrations  and  Analyses.  F.  W.  Jen¬ 
sen  and  A.  L.  Parrack .  595 

Oxalate  for  Calcium  Separation  from  Magnesium.  E.  R.  Wright  and 

R.  H.  Delaune .  426 

Oxide  Films  on  Metals  and  Alloys  Studied  by  Electron  Diffraction  and 
Microscope.  R.  T.  Phelps,  E.  A.  Gulbransen,  and  J.  W.  Hickman 


391,  640 


Oxygen 

Active,  Determination  in  Rare  Earth  Oxides.  G.  L.  Barthauer  and 

D.  W.  Pearce . . . .  479 

Analysis  by  Precision  Semimicromethod.  L.  K.  Nash .  505 

Estimation  in  Inert  Atmospheres.  E.  H.  Winslow  and  H.  A;  Lieb- 

hafsky .  565 

Liquid,  Acetylene-Trace  Determination  in,  from  Rectifying  Columns. 

H.  P.  MeKoon  and  H.  D.  Eddy .  133 


P 


Packages  of  Vacuum-Packed  Food,  Measurement  and  Analysis  of 

Gases  in.  L.  C.  Cartwright .  779 

Paint 

Film  Thickness  and  Coverage  Measurement  of.  Rolf  Buchdahl 

and  M.  F.  Polglase .  115 

Hiding  and  Contrast-Obliterating  Power  Determination  of.  P.  F. 

Luft .  484 

Water  Determination  in.  M.  H.  Swann .  799 

Palladium  Microdetection  with  Pararosaniline  Hydrochloride.  P.  W. 

West  and  E.  S.  Amis . , .  400 

Paraffins 

Density,  Refractive  Index,  and  Molecular  Weight  Relation  for 

Naphthenes  and.  M.  R.  Lipkin  and  C.  C.  Martin .  380 

Determination  by  Refractometric  Methods.  R.  M.  Gooding,  N.  G. 

Adams,  and  H.  T.  Rail . *. .  2 

Naphthene  Ring  Analysis  in  Mixtures  of  Naphthenes  and.  M.  R. 

Lipkin,  C.  C.  Martin,  and  S.  S.  Kurtz,  Jr .  376 

Pararosaniline  Hydrochloride.  See  p-Fuchsin. 

Particle  Size 

Determination  by  Permeability  Measurements.  W.  F.  Keyes .  33 

in  Dispersed  Systems,  Micromeasurement  of  Distribution  of. 

W.  M.  Dotts . . . .  326 

Measurement  and  Creation,  Symposium  on 

Centrifugal  Sedimentation  Method.  A.  E.  Jacobsen  and  W.  F. 

Sullivan .  360 

Specific  Surface  Determination  of  Fine  Particles.  Alphonse  Pe- 

chukas  and  F.  W.  Gage .  .  370 

Spectral  Transmission  Method.  E.  D.  Bailey . .  365 

Powder  Preparation  for  Measurement  of.  E.  L.  Gooden  and  R.  L. 

Updike,  Jr . .  802 

Pectic  Materials,  Uronic  Acid  Determination  in.  R.  M.  McCready, 

H.  A.  Swenson,  and  W.  D.  Maclay . .  290 

Penicillin  Assay  by  Iodometric  Method.  J.  F.  Alicino.  (Correction, 

793) .  619 

Penicillin  Chromatography,  Preparation  of  Silica  Gel  for.  Roberta 

Harris  and  A.  N.  Wick. .  .  . . 276 

Pentaerythritol,  Determination  of  Dipentaerithritol  in  Mixtures  of  Di-.p 

pentaerythritol  and.  J.  A.  Wyler . 777 

Pentane,  Hydrocarbons  Boiling  in  Range  of,  Preparation  of  Synthetic 

Samples  of.  R.  H.  Busey,  G.  L.  Barthauer,  and  A.  V.  Metier .  407 

Peppermint  Oil,  Menthol  Determination  in.  J  S.  Jones  and  S.  C. 

Fang . ». . . .  130 

Perchloric  Acid  for  Chromium  Determination  by  Oxidation.  Sigmund 

Schuldiner  and  F.  B.  Clardy . 728 

Permeability  Method  for  Specific  Surface  Determination  of  Fine  Par¬ 
ticles.  Alphonse  Pechukas  and  F.  W.  Gage .  370 

Permeability  Method  for  Specific  Surface  Determination  of  Powders. 

W.  F.  Keyes .  33 

Peroxide,  Hydro-,  Determination  in  Rubber  and  Synthetic  Polymers. 

H.  A.  Laitinen  and  J.  S.  Nelson .  422 
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Peroxide,  Organic,  Iodometric  Analysis  for.  Kenzie  Nozaki  583 

Peroxide  Removal  from  Organic  Solvents.  Waldemar  Dasier  and 

C.  D.  Bauer . 

Petroleum  . 

Absorbing  Oil,  Naphthalene  Estimation  in.  P.  E.  Reichardt  and 

D.  L.  VV  hite .  286 

Fractions  and  Pure  Hydrocarbons,  Calculation  of  Specific  Disper¬ 
sion  of.  M.  R.  Lipkin  and  C.  C.  Martin.  (Correction,  657) ...  .  433 

Products,  Aniline  Point  Determined  by  Automatic  Apparatus. 

Cj.  W .  Brown .  73Q 

Products,  Colorimetric  Determination  of  Phenols  in.  Louis  Lykken 

R.  S.  Treseder,  and  Victor  Zahn .  ’  jgo 

Sulfonates,  Oil-Soluble.  Analysis  by  Extraction- Adsorption.  Fran- 

cis  Brooks,  E.  D.  Peters,  and  Louis  Lykken .  544 

(See  also  Gasoline  and  Hydrocarbons) 

Phenolic  Fungicide  Determination  Quantitatively.  Sidney  Gottlieb  and 

Phenolic  Resin  Glue  Line  Microanalysis  in  Birch  Plywood.  C  A 

Farrow,  D.  H.  Hamly,  and  E.  A.  Smith .  ’  on7 

Phenols  . 

Bromination  of  Phenol  Alcohols  and.  I.  W  .  Ruderman  753 

'CJ?soir  1Niix^ures  A^lyzed  by  Ultraviolet  Absorption"  Spectra. 

VV.  W.  Robertson,  Nathan  Ginsburg,  and  F.  A.  Matsen  746 

Determination  in  Petroleum  and  Allied  Products  by  Coiorimetry 

Louis  Lykken,  R.  S.  Treseder,  and  Victor  Zahn .  '  iq3 

p-Phenylphenacyl  Esters,  Separation  of  Acids  by  Chromatographic 
Adsorption  of.  J.  G.  Kirchner,  A.  N.  Prater,  and  A.  J.  Haagen- 
omit .  21 

Phosphates  as  Water  Conditioners,  Calcium-Sequestering  Value  De¬ 
termined  for.  B.  C  Hafford,  Fred  Leonard,  and  R.  W.  Cummins.  411 
Phosphoric  Acids,  Meta-,  Deproteinization  bv.  A.  A  Horvath  990 

Phosphorus 


Determination  of  Inorganic  Phosphorus  in  Plant  Materials  W  A 

Pons,  Jr.,  and  J.  D.  Guthrie . 

Iron  and  Copper  Determination  in  Red  Phosphorus.  J.  A.  Brabson 
O.  A.  Schaeffer,  Anthony  Truchan,  and  La  Verne  Deal. . .  ’ 

Semi  microdetermination  in  Plant  Tissue  by  Wet  Digestion.  0.  J 

Kelley,  A.  S.  Hunter,  and  A.  J.  Sterges . 

Photometry 

Filter  Photometer  Calibrated  by  Spectrophotometer.  C.  L  Comar 
Flame  Photometer,  Solution  Intake  Unit  for.  A.  T.  Myers 
Flame  Photometry,  Improved  Method  of.  J.  W.  Berry,  L>!  6. 

_  Chappell,  and  R.  B.  Barnes . ’ 

L ltra\ iolet  Automatic-Recording  Photometer  for  Laboratory  and 

Field.  I.  M.  Klotz  and  Malcolm  Dole . 

Phthalic  Anhydride,  Tetrahydro-.  See  4-CycIohexene-l,2-diVarboxl 
ylic  Acid  Anhydride. 

d-Picoline,  Purification  Method  and  Test  for  Purity  of.  George 

Riethof,  S.  G.  Richards,  S.  A.  Savitt,  and  D.  F.  Othmer . 

Picric  Acid  for  Aromatic  Determination  of  Aviation  Gasoline!  6!  M. 

Gambrill  and  J.  B.  Martin . ( . 

Pigment  Dispersion  Evaluation  by  Rheological  Method.  F.  K. 

Daniel  and  Pauline  Goldman . 

Pineapple,  Separation  of  Acids  of,  by  Chromatographic  Adsorption  of 
p-Phenylphenacyl  Esters.  J.  G.  Kirchner,  A.  N.  Prater,  and  A.  J. 

Haagen-Smit . 

Pinenes,  Alpha  and  Beta,  Separated  in  Distillation  Column.  D.  M. 

Oldroyd  and  L.  A.  Goldblatt . . 

Plant  Material 

Nitrogen,  Phosphorus,  Potassium,  Calcium,  and  Magnesium  De¬ 
termined  in,  by  Semimicro  Wet  Digestion.  0.  J.  Kelley,  A.  S. 

Hunter,  and  A.  J.  Sterges . 

Phosphorus,  Inorganic,  Determined  in.  W.  A.  Pons,  Jr.,  and  J.  D. 

Guthrie .  ; . 

Tocopherol  Determination  in.  M.  E.  Wall  and  E.  G.  Keiley.  ..... 
Plastics.  See  Resins. 

Plating  Bath  for  Nickel,  Nomographic  Determination  of  Copper  in. 

E.  A.  Brown . 

Platinum 

Electrode.  See  Electrodes. 

Metals,  Precipitation  by  Organic  Monosulfides.  Determination  of 
Platinum  with  Thiophenol  and  Rhodium  with  Thiobarbituric 
Acid.  J.  E.  Currah,  W.  A.  E.  McBryde,  A.  J.  Cruikshank,  and 

F.  E.  Beamish . 

Resistance  Thermometry  Applied  to  Industrial  Physicochemical 

Problems.  D.  R.  Stull.  ’ . 

Plywood.  See  Wood. 

Polarimeter  Tube  of  Rapid-Filling  Capillary  Type.  Daniel  Smith  and 

S.  A.  Ehrhardt . 

Polarograph,  Sargent  Visible  Recording,  Operating  Characteristics  of. 

J.  J.  Lingane . 

Polarographic  Metal  Analysis.  Tin,  Lead,  Nickel,  and  Zinc  in  Copper 

Alloys.  J.  J.  Lingane . 

Polymers,  High,  Molecular  Weight  Distribution  Data  on.  R.  F. 

Boyer . 

Polymers,  Inhibitor  Determination  in,  by  Ultraviolet  Light  Absorp¬ 
tion.  F.  W.  Banes  and  L.  T.  Eby . 

Postmortem  Specimens,  Barbiturate  Determination  from.  Paul  Valov 
Potassium 

Determination  in  Silicates.  Silve  Kallmann . 

Semimicrodetermination  in  Plant  Tissue  by  Wet  Digestion.  O.  J. 

Kelley,  A.  S.  Hunter,  and  A.  J.  Sterges . 

-Sodium  Alloy  Analysis.  S.  L.  Walters  and  R.  R.  Miller . 

Potatoes,  Sweet,  Determination  of  (3-Carotene  in,  and  in  Products  of. 

R.  T.  O’Connor,  D.  C.  Heinzelman,  and  M.  E.  Jefferson . 

Powder 

Diffraction  Patterns  by  Chromium  Target  X-Radiation.  Identifica¬ 
tion  of  Organic  Compounds  by.  F.  W.  Matthews  and  J.  H. 

Michell . 

-Liquid  Dispersions  Evaluated  by  Rheological  Method.  F.  K. 

Daniel  and  Pauline  Goldman . 

Preparation  for  Electron  Microscopy.  M.  C.  Schuster  and  E.  F. 

Fullam . 

Preparation  for  Particle  Size  Measurement.  E.  L.  Gooden  and 

R.  L.  Updike,  Jr . 

Specific  Surface  Determination  by  Permeability  Measurements. 

W.  F.  Keyes . 

(See  also  Explosives) 

Praseodymium  Oxide,  Active-Oxygen  Determination  in.  G.  L. 

Barthauer  and  D.  W.  Pearce . 

Precision  Improvement  by  Repeated  Measurements.  John  Mandel.  . 
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Pressure  Apparatus 

Manometric  System  for  Volumetric  Gas  Analyzers.  A.  R.  Anderson  70 
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Manostat  of  Cartesian  Diver  Type.  Roger  Gilmont.  .  .  ..........  .  633 

Manostat  Fluids,  Di-  and  Triethylene  Glycols  as.  VV.  J.  Runckel 

and  D.  M.  Oldroyd .  . .  . . .  80 

Manostat  for  Vacuum  Systems.  J.  J.  Spadaro,  H.  L.  h*.  Vix,  ana 

E.  A.  Gastrock . •  •  •  •  •  •  •  •  •  •  •  •  •  •  ■  •  •  •  '  '  V>  '  ‘  W  "14 
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Refractive  Index  Measurement  by  Optical  Methods.  L.  G.  Longs- 

worth . .  * . .  219 

Refractive  Index  of  Paraffins  and  Naphthenes,  Equation  Relating 
Density,  Molecular  Weight,  and.  M.  R.  Lipkin  and  C.  C.  Martin.  380 
Refractory  Metal  Carbides,  Nitrogen  Determination  in.  J.  C.  Red¬ 
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Solids,  Volatile  High-Melting,  Apparatus  for  Vacuum  Distillation  of. 

H.  A.  Goldsmith . .  II 

Solutions,  Gage  for  Preparation  of.  O.  R.  Mitchell . .  80 

Solvents,  Organic,  Colorimetric  Determination  of  Phenols  in.  Louis 
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Vacuum.  See  Distillation  and  Pressure. 

^  alve  of  Gate  Type,  for  Control  of  Water  Flow. 
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